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Abstract 

 

Objectives: The objective of this thesis is to understand the effects of the application 

of flow-based management systems on medium-size sites (ú2-50 million work 

turnover) made by medium-sized companies (20-200 employees). The purpose of this 

research is to develop and evaluate a pull scheduling system based on the Last 

PlannerÊ System (LPS) to improve production flow stability of real estate 

developments made by SMEs. The research investigates the application of pull 

systems from manufacturing industries and those that have not been fully tested in the 

construction industry. Method: A three-block real estate development project in 

Brussels was used to ground the context where action research was chosen to initiate 

the research. Action research follows an ascending spiral that consists of 4 phases 

described in 1991 by Zuber-Skerrit: 1) planning, 2) acting, 3) observing and 4) 

reflecting. Once the first circle is initiated, the four activities lead to the next cycle. 

The reflections phase of circle (n) then leads to the planning phase of circle (n+1). 

These loops can be derived indefinitely or at least while the research has not met its 

objectives. Passing from action to critical reflection and back and vice versa in a 

cyclical process helps build a wider view and a greater understanding. In this context, 

three action circles were conducted. In this way, the methods, data and interpretation 

were continuously refined (Dick, 2002). The sequential development of the three 

blocks made by the same teams eased the process of capturing insights from a phase 

and building an optimal scheduling process. A lack of works planning, and progress 

understanding was found to be a major issue when the research started on the ongoing 

works of the first block. 5S and LPS were tested as a means of improving construction 

works planning at both the physical and managerial levels. The application of the first  

three Ss (sort, set, shine) yielded an impact on respect for the work site but were not 

sufficient to significantly affect the planning. The application of the first two steps of 

the LPS (master planning, phase planning and make ready) showed improvement but 

were also limited in their impact in the search for planning reliability. On-site 

measurements showed that despite a high percentage plan completion (PPC) score in 

the LPS, analysis of the progress of each apartment showed high volatility from one 
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week to the next. This volatility came from a lack of visibility in the scheduling 

system. Although the progress of each week was determined by what was and should 

have been done based on the LPS, more structure in the scheduling system and more 

reliability in the forecasts of the works were needed to increase the works stability. 

Given that takt time has been successfully used in the manufacturing industry to 

address variability in the demand, and that significant similarities exist between a 

construction site and a manufacturing line, it was decided to test this as a complement 

to the LPS in the research action taken on the second block of the building 

development. Encouraging results were measured, and on-site work in this block was 

improved. Findings: it was found that the discipline needed to respect the system, the 

rules and sequence of the work demanded high-level and constant surveillance from 

site management. In the long run, this could put the whole system at risk. In order to 

be as efficient, sustainable and duplicable as possible, the scheduling system should 

be visual, need no interpretation and lead works in a pull flow. Manufacturing has 

successfully used a simple but efficient system named kanban to achieve level 

production and ensure a fully pulled system in a variable demand environment while 

limiting the sources of errors. The third block proved that such a method can work in 

conjunction with takt time and LPS and improve the works stability by favouring a 

self-pull system. Impact:  following the scheduling system developed by the action 

circles in Block 2, there has been a reduction of nearly 20% of the lead time measured 

and a significant increase in quality (the number of snagging works decreased by 

95%). Therefore, the stress on the site management team decreased (captured by 

interviews). The early findings and encouraging results are signs of the importance of 

the research undertaken. Limitations:  The research has been conducted on traditional 

sites regarding typology, size, techniques, management structure, and contractors, so 

the findings are addressed to a wide audience across the construction industry. The 

limitation of the research comes from the domain of the construction observed: real 

estate in Belgium. Although it is highly probable that the issues detected on site by the 

research and the mechanisms used to address those issues are duplicable in other 

domains of the construction industry, there is, at this point of the research, no clear 

evidence. 
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1 Introduction 

1.1 Introduction  

This section provides background to the research presented in this thesis. The first 

chapter presents the complexity of coping with contractual delays in the construction 

industry and the problem of works schedule predictability. Then, the rationale presents 

the reason for the research. The aim and objectives and limitations are then addressed. 

The research plan is presented before a description of the content of the thesis 

concludes the introduction.   

 

This research aims to improve stability in the workflow on a construction site based 

on lean concepts. The research is grounded in previous contributions to stability in 

both the manufacturing industry (Fondhal 1961, Ohno 1988, Goldratt 1990, Goldratt 

1997, Liker 2004, Smalley 2011) and in the construction industry (Ballard 1994, 

Ballard 1998, Ballard 2000, Koskela 2000, Koskela 2004, Koskela 2011 Tommelein 

1999, Ballard 2000, Smalley 2011). The scope of this research is narrowed to the 

common residential developments made by small and medium-sized enterprises 

(SMEs).  

 

The research also presents and confronts the more recent systematic literature review 

on the application of lean tools by SMEs (Tezel 2019) to fill the literature gap and 

offer the research as a contribution to the body of knowledge.  

 

The rest of the section presents the personal motivation felt by the author who has 

spent a significant part of his professional life as witness to the inefficiencies in the 

construction industry while employed as an executive in large companies and an actor 

in this environment.   
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1.2 Background, context and problematic of the research 

1.2.1 A complex environment 

All  construction projects should be delivered on time under the terms of the contractual 

agreement between the client and the contractors. However, construction is a complex, 

nonlinear and dynamic phenomenon, which makes it to some degree unpredictable 

(Bertelsen, 2002). The whole industry functions in a chaotic environment and this 

situation has lasted for so long that it has become a paradigm. Hence, this field of 

research is complex. The background of this research lies in more than a decade of the 

authorôs professional activity as a project manager and chief operating officer in the 

construction industry for contractors and project management companies.  Of the 100+ 

construction projects across Europe, ranging from ú8 million to ú250 million works 

turnover, and of various project typologies (new constructions, renovations, real 

estate, offices, hospitals, for public and private clients) that the author or his team have 

directly monitored, not a single one was reported to have been delivered on time, i.e., 

on the contractual due date. This failure has led to the authorôs awareness that this 

situation should change and to the initialisation of PhD research to provide academic 

robustness to the path that should be developed and shared with the scientific 

community.  

 

The above underperformance has already been duly observed and documented. After 

having closely observed and analysed the work of several contractors during the 

construction phase of the engineering procurement, and construction (EPC) of a 

number of industrial projects, Ballard (1993) reported on the poor quality of the end-

product and that the significant difficulties encountered in the delivery process of 

offsite resources (design documents from the engineers, plant equipment and materials 

from manufacturing suppliers) caused widespread disruption and waste.  

 

Ballard (1993) argued that the construction industry had not fully managed its 

transformation (the shift from craft to mass production) or, in other words, as it is 

called in other industries such as in the automotive sector: the shift from craft 
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production to lean production. For Ballard (1993), it was imperative that the 

construction sector get inspiration from the manufacturing sector. After observing and 

analysing shop flow construction, he came to the decision that the lack of site project 

engineers and the lack of standards in the daily work methods were tangible signs and 

were fed from a historical and predominantly craft production model in the 

construction industry. The craft model is deeply anchored and emphasised in the 

dominant belief that each construction is a prototype, one that intrinsically requires 

and values crafting as the most adapted and most valuable type of production.  

 

An analysis of the performance of 118 construction companies worldwide between 

1995 and 2003 (Horta 2012) showed that the construction industry still suffered from 

low performance 10 years after Ballardôs (1993) seminal observations. Mellado (2019) 

later demonstrated that while performance remains low following the traditional iron 

triangle of cost-time-quality,  it is still the preferred method of analysing performance, 

despite it being proven to be ineffective. Ballardôs 1993 approach to planning and 

measuring engagements scientifically under the LPS had still not become the prevalent 

approach in traditional construction companies.   

Hence it is likely that what Ballard described in 1993, at the birth of lean construction, 

remains the case today on most construction sites.  

 

The initial observations and measurements made by the author on the real estate 

development site used in this research (Chapter 6) show a similar situation: a focus on 

the cost-time-quality triangle, poor overall performance and low levels of planning 

reliability. 

 

The research conducted here aims to bring project management of real estate 

development a more robust system of work coordination than the traditional critical 

path method (CPM) approach and the more recent LPS approach, with the eventual 

aim of achieving the on-time delivery of projects. Koskela (1994), Tommelein (1999) 

and Ballard (2015) showed that chaos and desynchronisation can be found in all phases 

of a construction site (engineering, design, procurement, construction) but, while 
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desynchronisation gets amplified through  various stages (the domino effect), the 

research investigates the ultimate process of coordinating work on site. Any 

construction project needs planning before, during and, sometimes, after construction. 

Planning is also a complex process that involves coordination between many 

stakeholders. The complexity of construction projects has constantly increased over 

time, with the entry of new materials, new trades, new owners and environmental 

requirements, new technologies, and the number of parties involved (consultants, 

quantity surveyors, contract administrators, planners, specialists, and so forth).  

1.2.2 Motivation for the research: improving the current production stability  

of the works of SMEs on site  

Following Chandlerôs historical-evolutionary line in the theory of the firm (Chandler, 

1992), Kapas (2008) showed that production factories and project-based organisations 

are social technologies that have evolved as part of the co-evolution of physical and 

social technology. While the factory model was the original form of the capitalist firm, 

the project-based organisation model was conceived as a mutant until the late 1980s 

(Kapas 2008). Productivity had increased following successive refinements 

(compressions) of the production cycles in many industries that were able to rethink 

their operation processes (Kapas 2008). These sectors (information, manufacturing, 

warehousing, agriculture, etc.) leveraged the use of technology in incomparable ways 

in comparison to the construction industry.   

Teicholz, (2013) showed that the value added per employee, which can be directly 

linked to productivity and performance, has exhibited different tendencies across 

sectors: the value-added per employee in the architecture, engineering and 

construction (AEC) industry decreased while  it increased elsewhere (e.g., it multiplied 

by 10+ in the manufacturing sector). In his 2013 book Labor-Productivity Declines in 

the Construction Industry: Causes and Remedies (Another Look) (p. 12), Teicholz 

describes the evolution of value-added per employee in various sectors from 1950 to 

2010, as shown in Figure 1.1. Teicholz (2013) illustrates a ñreal productivityò gap (or 

ñvalue per employeeò gap) between the construction industry and other industries. 

Upon closer inspection, it is noticeable that, over time, the value added per employee 
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decreased in the construction industry. 

 

Nazarkoa and Chodakowskaa (2015) showed that measuring productivity in the 

construction industry was complex and that large differences in productivity levels 

could be found from using an indicator to another.  

 

This research focused on planning performance rather than on site productivity: 

planning performance is the capability of an organisational system to keep to its 

planning.  

 

In 1993, Ballard explained part of the poor performance in the construction industry 

was a result of how the planning system had been constructed to that point. Most 

planning systems were constructed offsite by a de-correlated-from-shop-floor 

engineer. Thus, there was no surprise that the output (master and/or detailed planning 

or programme) could not shield the production on site from upstream variation and 

uncertainty (delivery of the appropriate materials and tools, information being made 

Figure 1.2.2-1 Real productivity by industry in the US (value added by employee) (Teicholz, 2013) 
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available and adequate skilled workers being provided). These difficulties father 

discontinuities in the flow of work and reworks that often led to delays in the project 

and higher costs than expected or forecasted and, hence, a diminution of the 

productivity (Ballard, 1993). Howard et al. (1989) had already pointed out that high 

costs due to fragmented decision-making emerged from the increase in trade 

specialisation that eased flexibility  in the construction industry.  

 

More recently, Koushki (2005), Sacks (2007), Guo (2009) and Fayek (2013) have 

shown that over the past 40 years. However, several new and advanced technologies 

have been applied to construction projects, the efficiency of the industry has remained 

relatively low. 

An increasingly technologically complex environment requires high skill levels from 

specialised contractors. Meanwhile, general contractors have shifted from overseeing 

production coordination to contract-brokering (Tommelein & Ballard, 1997a), which 

has exacerbated the fragmentation of the parties and the tensions in their relations.  

 

The above explains why coordinating the different trades and specialists to deliver a 

project on time was difficult. To achieve impeccable coordination, people and systems 

need to work in a synergistic and self-reinforcing fashion (Collaborative Process 

Institute, 1997). The developments of the internet and information technology (IT) 

tools were envisaged as magic solutions to address coordination. To promote 

teamwork relationships and improve communication and coordination, partnering 

sessions or similar team-building programmes began to occur more commonly in the 

early 2000s; for example, ProjectNet, Team Builder, ProjectPoint, Constructw@re, 

and ProjectTalk. The tangible impact of these programmes, despite huge commercial 

promises, have yet to be demonstrated. OôBrien (2000a) proposed mapping the 

processes of all the participants in the process as a better way of determining and 

designing the tools that could be used in daily operations by the operators. Ballard 

(2000) stated that detailed information on all aspects of site requirements should be 

clearly identified to ensure coordination at the production level (logistics, 

assignments, specification of labour, equipment, materials, space use, and so forth).  
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The need for coordination is twofold: first, concerning physical production resources 

(e.g., labour, equipment, material, and space, where material should not only be read 

as raw material but also as work-in-process [WIP]), and second in terms of 

information. Architects and engineers now use powerful information treatment 

systems to create and add specifications and realise shop drawings in the form of 3D 

models that clearly show the final product. Construction managers and site foremen 

usually use the elements they have on hand (the ones they were given, not necessarily 

the ones they need) to erect the product in the right place, following the right sequence 

and at the right pace; however, there is a significant gap between the way a site is 

organised and the way the design and procurement phases are prepared, coordinated 

and monitored (Teicholz 2004, retrieved 2014).;For Aziz et al. (2013), the main reason 

for this appears to be that the new technologies cannot effectively reduce the cost of 

design and construction while improving the management of the construction process. 

For example, although computer-aided design (CAD) technology has improved the 

efficiency of drawing, it cannot reduce design errors and these, in turn, can cause the 

need for the reworking of construction, making it difficult to optimise the construction 

process to reduce cost. 

 

To improve construction planning, one must have a clear understanding of the limits 

of the current practice at different levels. In a classic system, a project planner builds 

a project plan by determining an array of work sequences, task timelines and 

interdependencies that fit the clientôs requirements. This document is then sent to the 

contractors, who must respect it. 

 

Although such plans are theoretically viable, in practice oneôs ability to keep to the 

budget and time constraint requested by the client remains questionable. When delays 

occur, their immediate explanation lies in the extra resources that increase the 

resources peaks on site and the unplanned reallocation of resources, causing an 

imbalance (Kenley et al., 2009). This imbalance produces further work 

desynchronisation and multiple scenarios (Seppänen 2009, Frandson 2019). 
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Under such circumstances, it is likely that multiple plans should be envisaged and 

developed to successfully deliver the construction on time and on budget.  

The traditional approach to production planning is twofold. At the management level, 

monthly (or weekly) milestones, targets and performance aims are discussed and set 

as project baselines to meet the clientôs requirements. Master planning is usually 

drawn at this level. At the shop level, the works are planned daily by the site manager 

(or site foreman) who organises and coordinates the works on site by providing 

resources where assessed to be appropriate. The appropriateness of the site 

organisation can be questioned in this case as, although the weekly milestones are 

usually set by the project manager, the daily organisation remains mainly based on the 

site managerôs personal experience. (Swain 2013). For a SMEs, the production 

planning has a third level. The planning should also satisfy the internal constraint of 

resource allocation (Saini 2018, Tezel 2020). 

 

Whereas the work on site should follow a logical and robust sequence between trades 

to maximise efficiency, if no planner or trade coordinator is involved, work sequencing 

is mainly led the by professional experience of those observing the situation on site 

(Choo 2003, Ankomah 2017, Tezel 2020).  

 

It is often argued in the common practice of project management in the construction 

industry that the flow principles and theories that have been developed over a long 

time by the manufacturing sector (which later led to lean management) cannot directly 

or indirectly be imported into the construction industry, the latter producing only 

prototypes, with no repetition in the processes. It is a belief that each building is 

different from the next, while in the manufacturing industry, production in series is 

widely used (Takim, Akintoye, & Kelly, 2003). In this research, it is claimed that the 

construction industry involves highly repetitive processes. The research conducted 

here is grounded in the previous work and experience of lean construction pioneers 

who have successfully developed methods directly inspired from flow systems 

developed by and for the manufacturing industry. The most notable is Ballard (2000), 
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who developed a new approach to scheduling by tackling flow reliability through 

human commitment rather than by complex computed tools, or as it is called, the Last 

PlannerÊ System (LPS). 

 

This research further investigates how flow systems can be imported into the 

construction industry, in practice, and contribute to closing the productivity gap with 

the manufacturing industry.  

1.2.3 On the concept of flow stability 

This paragraph introduces and discusses the concept of stability, a key concept in this 

study. The Cambridge Academic Dictionary defines stability as ña situation in which 

something such as an economy, company, or system can continue in a regular and 

successful way without unexpected changesò.  

 

It can be recalled that in the early 1950s in Japan, Toyota faced, amongst other 

production difficulties, terrible die changeover processes, poor initial parts quality, 

unreliable production parts, and extensive WIP between processes as machine speeds 

were not synchronised to customer demand. 

 

Taiichi Ohno, the great architect of what later became the Toyota Production System, 

and provided the foundation of the lean approach, experimented in the machine-

intensive production shops at Toyota Motor Corporation between 1950 and 1955 to 

try to improve the production tools and approaches. Art Smalley from the Lean 

Enterprise Institute (2011) recalled that Toyota learned the hard way in that at the 

beginning of a transformation a great deal of basic stability is needed before 

succeeding with the more sophisticated elements of lean production. Ohno first 

addressed the fundamental issues of production before refining his approach and 

testing key concepts such as takt time, process flow, standardised work, the single 

minute exchange of die, and basic pull system mechanics. 
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Upstream stability 

Smalley (2011) wrote that most initial efforts are spent improving production planning 

and control, especially regarding the management of upstream flows. Today at Toyota, 

TPS implementers of new overseas production plants follow a detailed framework to 

first establish basic stability before improving the process flow, developing pull 

systems, and  achieving levelled production. This means that much effort should be 

realised in basic stability before trying to achieve the perfect stable flow.  Toyota 

search for stability by establishing a consistent and predictable process before getting 

too far down the road with the latter elements of flow and takt time (Smalley, 2011). 

For Smalley (2011), achieving stability implies general predictability and the 

consistent availability of manpower, machines, materials, and methods ï the so-called 

4Ms. 

 

Upstream stability is, hence, a prerequisite to production flow stability and can be 

checked by assessing the availability at sufficient levels of machine uptime to produce 

customer demand, materials on hand every day to meet production needs, trained 

employees being available to handle the current processes and work methods, and 

basic work instructions to follow quality standards. 

 

Ballard (1994) stated that flow management is a much more difficult task on complex, 

fast track projects such as refineries, chemical plants, food processing plants, paper 

mills, etc. These projects have long, complicated supply chains, many players, 

typically are under pressure to hit market windows for production, and are subject to 

multiple, extensive process design changes motivated by the opportunity to make 

much more money than is lost through disruption of construction. In this environment, 

traditional approaches to construction management fail miserably. The conversion 

process model conceals everything that needs to be revealed, particularly the design 

of systems and processes to manage work and workflow. Ballard proposed the model 

below. 

 



37 / 412 

 

 

 

Figure 1.2.3-1 

 

Production stability 

Ballard (1998) believed that no theory of production control was needed in a 

construction world that was stable and predictable, and that construction was highly 

uncertain. For Ballard, stability and predictability are the consequences of production 

control, rather than arguments against the need for production control. Further, 

constructed objects are complex wholes such that the design and construction of their 

parts are necessarily interdependent upon each other.  

 

In the construction industry, where making do is traditionally well established as a 

creativity inceptor (Koskela 2011), applying completeness checking tools such as the 

4Ms is considered a means of improving predictability and the consistent availability 

of resources in the search for stability. Koskela characterised the complexity involved 

in managing upstream flows in this context as 1) the availability of inputs cannot 

always be assessed by a yes or no question (Koskela 2004), and 2) there seems to be 

a much larger variety of inputs than pointed out by Smalley. Koskela (2000) stated 

that construction consists of assembly tasks involving many input flows, and 

suggested a comprehensive classification of seven types of flow: design, components 

and materials, workers, equipment, space, connecting works, and external conditions. 

 

STABILIZE THE WORK 
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In the search for an effective way of protecting production from upstream variability, 

the LPS was introduced in the construction industry (Ballard 2000)  to increase the 

reliability of short-term planning. The main principle of the LPS is to create a shield 

on planned work from upstream variations and seek the conscious and reliable 

commitment of labour resources by the leaders of the work teams involved (Ballard 

and Howell 2000). A key basic in the LPS is that the necessary inputs, such as 

materials, information, and equipment, are available through a systematic review of 

the prerequisites of upcoming assignments in a make-ready proactive approach 

(Ballard 2000). The upstream flow of input should be as levelled and stable as possible 

while being capable of absorbing demand variations to allow a stable production flow 

under an efficient coordination approach. 

1.3 Rationale  

The search for operational performance in the construction industry and the recent 

introduction of complex IT tools on site (e.g. iPads and increased virtual reality), 7D 

modelling drawings, new materials (e.g. high-performance concrete) and techniques 

(e.g. 3D printing) require more and more parties be involved in the process of erecting 

a building, where flow management has become a key success factor for on-time and 

on-budget delivery (Suermann, 2009). 

 

The argument developed in this thesis is that on-site performance can be increased by 

improving workflow stability. For less than a century (and increased in pace in recent 

decades), a variety of methods based on project control and the formalisation of 

planning have arisen: e.g., the Gantt bar chart that formalises various activities and the 

links between them in a readable time-framed chart, the Program Evaluation and 

Review Technique (PERT) that allows the decision-making process, and the 

predecessors and constraints of a given project to be followed and, more recently, the 

CPM that helps determine a shorter path of a project activity (a shorter sequence and 

time that leads to completion) (Olawale and Sun, 2010; Nicholas, 2001; Lester, 2000).  

 

Since the mid-90s, a wide range of software and, now, clouded (on-line) tools have 
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been developed to ease and even automatise the use of these project control methods, 

such as the MS Project, the Asta Power Project, and Primavera. It is interesting to note 

at this point that, despite the increasingly extensive use of these planning methods and 

formalisation software, most construction projects are still delivered late: up to 55 

percent for traditional planning (Dawood 2010). Later research (Love et al., 2011; 

Crotty, 2012; de Melo et al., 2016) has confirmed this situation. 

 

A deeper and more recent study conducted by Gledson (2018) analysed the planning 

and delivery of time performance in the UK, aggregating data from 2007 to 2017. It 

was found that planning and delivery efficiency were worse than previously 

considered:  

 ñOn average, only 38% of project activities started and finished on timeò, 

Gledson (2018) 

 

Gledson (2018) concluded that more predictability and productivity research should 

be conducted to increase this figure. Of course, more research on more samples from 

more countries should be undertaken to validate the above. This indication of poor 

performance is here to help the reader fully understand the context of the research and 

its desire to impact some aspects of the construction industry. 

 

From the above, it appears that there is still room to improve performance in the 

construction industry. Measuring performance should, therefore, also be clearly 

addressed.  

 

For Takim, Akintoye and Kelly (2003), measuring the performance of a construction 

project is manifold and requires daily efforts to collect and report information about 

the inputs, the efficiency, and the effectiveness of the activities on site. They further 

argue that a natural bias in performance measurement comes from the fact that the 

measurement is usually made by those who organise the work. Hence, measurements 

of the financial and non-financial performances of a project can be biased by internal 

considerations (this can be shown by comparing and contrasting their performance 
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with others within or outside the company). Impeccable rigour in the measurement 

process and total impartiality in analysing the results are prerequisites in the 

exploitation of performance measurements. Many researchers and practitioners 

(Sinclair & Zairi, 1995; Mbugua et al., 1999; Love et al., 2000; Chan, 2001) have 

stated that measurements and dashboards are imposed in most organisations to follow, 

keep a log of, plan, schedule, anticipate and ultimately control the indicators. 

However, Takim, Akintoye, and Kelly (2003) have further argued that these classic 

indicators offer only a limited view of the actual situation as they narrow the 

investigative scope to immediate and restricted measures. 

 

Despite being a fundamental indicator (as a source of other indicatorsô performance), 

workflow reliability is rarely measured on a construction site. The main measures used 

to monitor performance are the physical progress and financial expenses at a certain 

date, while concentrating on poor time predictability and performance, aggregated at 

the industry level (Pasquire 2012, Thomas, 2003,  Gledson, 2017; Gledson and 

Greenwood, 2017, 2016)  

 

This thesis reflects the doctoral work undertaken on a 3-block real estate development 

over a period of three years. While many published studies describe the application 

and development of lean tools on large sites (with over ú200 million  work turnover) 

made by large and lean mature companies (see 3.1 of the Introduction), the approach 

developed on a 145 medium-sized apartment project made by common SMEs 

proposes investigating the shared features. The author has aimed to increase the 

stability of the production flow on site by testing existing tools and methodologies in 

this context of common sites.  

 

The application of lean construction to common sites made by SMEs is very rarely 

analysed by the research community. Tezel et al. (2019) showed in a systematic 

literature review that, SMEs often constitute the largest group in construction supply 

chains. Loforte Ribeiro and Timóteo Fernandes (2010) have suggested that over 99% 

of all construction companies in Europe are SMEs, and most employ fewer than 10 
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people. In 2015, 92% of all 669, 227 construction enterprises in the USA were 

classiýed as small enterprises. 

 

Lean construction (and building information modelling), despite being two prominent 

concepts challenging traditional practices in construction management, are timidly 

adopted by SMEs. An analysis of 114 papers shows that, despite the importance of 

SMEs, the current lean construction literature falls short in terms of both publications 

and their content. This gap is detailed in Section (2.4) (In search of production stability 

in the manufacturing industry: the growth of flow theories and pull ) of this thesis. 

 

The application of the main tools (5S and Last PlannerÊ) of lean construction 

developed in Chapter 6,  Case Study of block 1: inception of leanò, proved insufficient 

to achieve a stable workflow. Other tools from the manufacturing world were tested, 

such as takt time in the form of takt planning (see (7.3) Takt planning: Development 

of research Stage 2.3) and kanban in the form of a visual kanban, see (8.1) ñHuman 

factor bias: introduction of discipline and kanbanò.  

 

By measuring the weekly progress in each apartment, comparing the data with the 

theoretical forecast and analysing the results in terms of means and standard deviation, 

it was possible to evaluate the impact of the application of the flow-based production 

systems on the stability of the works.  

 

While an action research approach was first chosen and implemented to structure the 

research on site (see (3.2) The choice of research method), a design science approach 

was later preferred to better fit the actual situation on site and the context of the 

research (see (3.3) Recent research into the search for consensus). Throughout the 

construction of the three blocks, and the gradual application of flow theory tools, it 

has been found that the stability of the flow could be largely improved, providing a 

more robust forecast to the site and decreasing the lead time.  
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1.4 Research aim, objectives, questions and limitations 

The aim of this research is to provide a better understanding of the effects of the 

application of flow-based management systems on medium-size sites (ú2ī50 million 

work turnover) made by medium-sized companies (20ï200 employees). 

 

The researcher developed and evaluated a pull scheduling system based on LPS to 

decrease work volatility at the site level. The expected consequence was a reduction 

in both delays and costs, made possible by optimised and robust site scheduling. The 

following objectives have been identified, to address this aim and the research 

questions: 

1.4.1 Objectives of the research 

o To understand the problem 

o To understand current theory about planning and scheduling 

o To identify advances in planning and scheduling arising from manufacturing 

and lean thinking  

o To analyse current scheduling practice and determine its limits (in terms of 

applicability and performance)  

o To develop, test and measure the impacts of a pull system based on LPS using 

a longitudinal case study. The research limits the scope to residential units 

made under a traditional form of an EPC contract. Further application of takt 

planning in other construction types and sectors can be envisaged (hospital, 

schools, warehouses, housing, etc.). The same approach can be tested even in 

civil projects (bridges, roads, tunnels, etc.), and  

o To propose guidance for lean construction practitioners based on this research. 
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1.4.2 Limitations  of the proposed approach and conclusions 

1.4.2.1 Impact of takt and kanban approaches 

The impact of takt planning was mainly measured by flow stability as developed in 

(7.3), Takt planning: Development of research Stage 2.3, and its consequence on lead 

time and snag works reduction. The impact of the application of kanban is developed 

in Chapter 8, Case Study on block 3: further development of a pull flow system. 

Following the application of these two approaches, stress reduction and financial 

improvement were the expected consequences of the system; however, these have not 

been analysed in-depth in this thesis.  

 

1.4.2.2 Gains in delays / H&S: cause-consequence and/or correlational effect ? 

While the reduction of delays and both quality and safety improvement were measured 

in the context of this research, future research is needed to investigate the qualitative 

cause-consequence and correlational effects. Analysing naturally occurring 

circumstances and the application of the stability index in other contexts. such as large 

apartment blocks and/or larger contractors that are not addressed in this research, will 

help continue the growth in understanding of the concept of workflow stability. 

1.4.2.3 Savings on construction costs 

The financial gains were shared by the project developer in 2018 at a lean construction 

conference in Nottingham (NTU Lean Construction study-show case, 2018 February 

21st). From the developerôs assessment, the gain represented 13% on average in the 

square metre cost from block 1 to block 3 and is to be largely credited to the approach 

developed in this research. However, given that the researcher was not provided with 

the full costs report (that is fully understandable given confidentiality agreements), it 

is not possible to assess nor to affirm the direct effect of the approach on this gain; 

thus, the thesis does not investigate the latter. 
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1.4.2.4 Duplicability in other sectors of the construction industry 

Finally, the duplicability of the findings of each phase were tested over successive 

phases and the conclusions on its conditions were subsequently investigated. 

Duplication in other sectors is discussed but not tested in this research. The research 

limits the scope to residential units made under a traditional form of an EPC contract.  

 

Further application of the planning approach in other construction types and sectors 

can be envisaged (hospital, schools, warehouses, housing, etc.). The same approach 

can be tested even in civil projects (bridges, roads, tunnels, etc.). 

1.5  Research plan 

The approach used was to synthesise the available literature, field trials and extensive 

case studies. Following insights provided from the literature review, field trials and 

case studies, a guideline and roadmap were developed for lean implementation at the 

project level. 
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1.6 Content of the thesis 

o Chapter 1 The Introduction provides the context of the thesis, presents the aim 

and the plan and content of the research.  

o Chapter 2 The Literature Review is then developed with a focus on 

understanding the latest flow-based theories in the manufacturing industry (the 

origin) and in the construction industry (the context).  

o Chapter 3 Research methodology develops the research method, provides 

justification for the use of action research and design science and explains how 

the data were collected.  

o Chapter 4 Research processes describes the processes from diagnosing the 

actual state (identification of the problem) to initiating the next improvement 

cycle.  

o Chapter 5 Complements closes the presentation by developing further the 

context by providing more insights into the background of the project, then the 

problem encountered by the practitioner and, finally, presents the 3-block 

apartment developments on which the research is grounded.  

o Chapter 6 Case Study of block 1: inception of lean, Chapter 7 Case Study on 

block 2: Development of the solution and Chapter 8  Case Study on block 3: 

further development of a pull flow system detail the research from the 

diagnostics on site to the evaluation of the research solution in block 1, block 

2 and block 3.  

o Chapter 9 Collecting and analysing data on workflow stability details how the 

data were collected and analysed.  

o Chapter 10 presents the Tangible impacts of the research.  

o Chapter 11 Appendix closes the thesis.  

o Chapter 12 References concludes the thesis.  
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2 Literature Review 

This chapter helps the reader understand the developments of flow management 

systems, the gap between construction and manufacturing industries, and how new 

management approaches to workflow can be further developed in the construction 

industry based on existing systems in manufacturing.  

 

This chapter is organised as follow:  

- Section (2.1) Glossary of definitions introduces the main terms used in the thesis, 

and Section (2.2), Approach to the literature review, presents the approach used by 

the researcher in selecting the articles used as references. 

- Section (2.3), The Pull system and production flow stability presents the core 

concepts of the research,  

- Section (2.4), In search of production stability in the manufacturing industry: the 

growth of flow theories and pull , links the theories and systems to stability, which 

is the core quest of the research. 

- Section (2.5), In search of production stability in the construction industry: 

importing flow theories and pull systems from the manufacturing industry and 

developing dedicated approaches, links the above with the construction industry, 

which is the environment of the current research. 

- Section (2.6), Linking manufacturing and construction flows , confirms the 

applicability approach in the construction industry. 

 

Chapters 3, Research methodology, 4 Research processes and 5 Complements, then 

present and develop the path followed by the researcher in the research undertaken 

into the  three real estate development blocks. 
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2.1 Glossary of definitions 

ü Cycle time: cycle time is the amount of time a team spends working on 

producing an item, up until the product is ready for shipment. It is the time it 

takes to complete one task.  

ü Kanban: this is a Japanese manufacturing system in which the supply of 

components is regulated through the use of an instruction card sent along the 

production line. 

ü Lead time: the time between the initiation and completion of a process. 

ü Performance: the action or process of performing a task or function. 

ü Productivity: the effectiveness of productive effort, especially in industry, as 

measured in terms of the rate of output per unit of input. 

ü Stability: the state of being stable, with low or no variation in time. 

ü Takt time: the rate used to complete a product in order to meet customer 

demand. This comes from the German word takt meaning beat or pulse in 

music. 

ü Variability: the tendency to shift or change, the state of being variable.  

ü WIP: work in progress, the quantity of work being transformed in the process. 

2.2 Approach to the literature review 

The main objective of this section is to present how production stability, which is the 

core concept in this research, has been developed to date, how much it has been 

addressed in the flow management literature and how to it can be linked with the other 

main flow management theories.  

 

Based on the problem of the client, developed in (5.2) Problem of the practitioner (a 

real estate developer), the researcher investigated academic articles related to flow 

theories in general (mostly in the manufacturing industry) and then in the construction 

industry. Understanding the origin and development of these concepts has helped the 

researcher understand the links between them and the difficulties encountered when 

applied on a small site made by an SME. Academic articles and references published 

in journals and conferences such as the IGLC (International Group for Lean 
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Construction), ARCOM (Association of Researchers in Construction Management), 

LCI (Lean Construction Institute), and ASCE (America Society of Civil Engineers) 

were first selected as the basis for understanding the concepts and approaches 

developed to date in relation to the problem identified. 

 

Then, the researcher narrowed the literature review and selected papers from the 

Scopus database down by using the following filters:  

o ten top-rated journals selected based on cite score form Scopus,  

o articles having  the key words lean construction or lean tool,  

o engineering and material science article selected, 

o published journal articles.  

 

The researcher finally updated the literature review with 2019-2020 papers after the 

PhD viva (2019) to have the most up to date references in the final version of the 

thesis. Lean construction and BIM in small and medium-sized enterprises (SMEs) in 

construction: a systematic literature review by Tezel et al. (2019) complemented the 

literature review in light of the focus of the research (i.e., lean construction with 

SMEs).  

 

The literature review is articulated in seven sections. It first presents the concepts of 

pull and stability in general then chronologically develops the rise of these concepts 

in the context of the manufacturing industry before linking them to the construction 

industry and narrowing their application to the SME world. 

 

Section (2.1) Glossary of definitions, presents the most important concepts and words 

used in this thesis, Section (2.2), Pull system and production flow stability, introduces 

the literature review and suggests a better understanding of the path to follow, Section 

(2.3), Pull system and production flow stability introduces the growth of pull and 

stability. This is followed by Section (2.4), In search of production stability in the 

manufacturing industry: the growth of flow theories and pull , and (2.5), In search of 

production stability in the construction industry: importing flow theories and pull 

systems from the manufacturing industry and developing dedicated approaches, which 
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provide an understanding of how the different theories of flow have emerged 

historically and addresses the search for stability from different  approaches. At this 

point, the reader should have a good understanding of both the complexity and the 

long-term development of flow theories in the manufacturing industry. Section (2.6),  

Linking manufacturing and construction flows, links the former to the construction 

industry, the context of this research, before Section (2.7), Lean Construction research 

on SMEs, narrows the scope of the literature review to the construction SME, the scope 

of this research. 

 

As shown in the literature review, two main responses have been developed in the 

manufacturing industry to address the emergence of variability in mass demand, which 

started in the 1920s. While America developed systems based on opulence 

(throughput, inventory size, oversized tools, high volumes, and high demand), Japan 

developed their path in a lean environment as the volumes of their demand (mainly 

domestic) permitted no waste. From the 1920s through to the 1990s, both approaches 

and systems were successfully developed in parallel. Line of balance, material 

requirement planning, total quality management, 6 Sigma, and ISO are the names of 

the relevant approaches developed in America over this time. Autonomation, just-in-

time (JIT), poke-yoke, kanban, production level, and 5S have, meanwhile, been 

developed in Japan. This proliferation of management methods shows that the 

manufacturing industry has expended great effort in developing its operating and 

managerial tools to address unstable demand. 

 

As argued and later developed, strong similarities can be found between the 

construction industry and the manufacturing industry. The construction industry must 

also cope with  variable demand (each building is different), and it is also based on a 

sequenced operating system. Therefore, in both industries, managing the operating 

flow is an important consideration in the search for optimal productivity. 

 

However, while many approaches have been developed in the manufacturing industry 

on both sides of the Pacific, the construction industry lacks such development. Gantt 

charts and the CPM date from the 1910s and 1930s, and these strategies are still widely 
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used in the construction industry. The recent uptake of the critical chain method and 

the development of LPS in the 1990s have offered new perspectives. Nevertheless, a 

long path remains in the construction industry to catch up with the manufacturing 

industry. 

 

For Ballard (2005), flow reliability is the appropriate concept, and reliable workflow 

impacts the productivity of downstream players. Ballard reminds us that understanding 

and managing the construction process as a flow has been a key issue for the IGLC 

since its very first meeting in 1993. For Koskela (2005) and Kagligou (2005, 2006) 

the influences on IGLC thinking have included Shingo (1989) and the TPS (Shiomi & 

Wada, 1995; Ohno, 1988) along with its Western interpretation as lean production 

(Womack et al., 1990; Womack & Jones, 1996). Koskela (2011) later cite even earlier 

sources of inspiration such as Aristotle (app. 330 B.C.). 

 

The following sections investigate the research literature and methodologies 

undertaken in search for production stability.  

2.3 Pull system and production flow stability  

As developed in the literature review, the concept of flow is the holistic umbrella of 

the quest for improvement in both the manufacturing or construction industries. The 

first section of this chapter introduces the development of push and pull systems from 

a historical perspective, then the two approaches are linked to the concept of stability. 

The quest for stability in the production flow is then developed in the subsequent 

sections. While section 2.4, In search of production stability in the manufacturing 

industry: the growth of flow theories and pull , addresses the rise of stability in the 

manufacturing industry, section 2.5 In search of production stability in the 

construction industry: importing flow theories and pull systems from the 

manufacturing industry and developing dedicated approaches, links the latter to the 

construction world and develops it. 
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2.3.1 Historical perspective 

Although pull  and push approaches have been used extensively in the recent literature, 

the appearance of these terms used in the context of production flow is relatively 

recent. Schonberger (1982) first described the pull and push approach in Nine Hidden 

Lessons about Simplicity, based on an analysis of Japanese manufacturing techniques.  

 

On the one hand, a push system is a manufacturing system in which production is 

based on a projected production plan and where information flows from the 

management to the market, the same direction in which the materials flow. On the 

other hand, a pull system is a manufacturing system in which production is based on 

actual daily demand (sales), and where information flows from the market to the 

management in a direction opposite to that of the traditional (push) systems.  

 

Karmarkar (1986c) characterised the difference between push and pull in terms of the 

order release process. Pull systems, in his view, trigger an order release when the 

inventory is physically removed from the finished parts or finished goods stock.  Push 

systems authorise production in advance of demand. Silver and Peterson (1985) 

characterised push and pull somewhat differently. They distinguished push from pull 

on the basis of the information used in the decision-making process. Push systems, as 

they define them, use global information, while pull systems use local information. 

Takahashi, Muramatsu, and  Ishii (1987) distinguish push from pull,  in a multistage 

production facility,  in terms of centralisation.  Pull systems decentralise decision-

making so that the production order level at each cell is determined by consumption 

at the immediate successor cell. Push systems, on the other hand, centralise decision-

making so that ordering is determined by net requirements, cumulative lead times, and 

feedback information. Pyke, D.F and Cohen, M.A (1989) developed a comprehensive 

framework from the above authors on push and pull in manufacturing and distribution 

systems and suggested that traditional resources planning and kanban (which are 

typically considered to be pure push and pure pull, respectively) are hybrids of push 

and pull. 

Sarkar, B.R and Futzsimmons J.A (1989) worked on the performance of push and pull 
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systems in a simulation and a comparative study. Pyke D.F and Cohen M.A (1990) 

worked on the implementation of push and pull in manufacturing and distribution. 

Zhao, X and Lee T.S (1993) worked on freezing the master production schedule for a 

material requirement planning system operating under demand uncertainty. Harison 

(1999) suggested that deciding about a pull or push strategy depended on the certainty 

of demand for the product. Kim, Chhajed and Palekar (2002) did a comparative study 

of the performance of the push and pull systems in the presence of emergency orders. 

Mashuchun, Davis and Patterson (2004) studied the performance difference of push 

and pull control strategies for supply network management in a makeïto-stock-

environment.  Huang et al. (2014) reported that in many cases, switching from a push 

to a pull system reduces the inventory by half, leads to fewer shortages, and increases 

sales (Aben 2006; Camp 2006; Krishan and Kothekar 2007; Ploss 2008; Grant 2008). 

Sarbjit (2017) proposed a study that would help to determine push or pull strategy and 

also how a combination of both can be appropriate. 

2.3.2 Pull system and stability 

For Womack & Jones (1996), the seminal approach that later became the TPS is the 

origin of lean production. The term lean referring to a production system was first used 

in an MIT Sloan Management Review article by John Krafcik (Fall 1988) titled 

Triumph of the Lean Production System which is based on five important principles: 

value, value stream, flow, pull and perfection. The term lean in this context was later 

popularised by James P. Womack, Daniel T. Jones et Daniel Roos in The Machine that 

Changed the World (1990). Liker (2004) also emphasised the importance of former 

principles: 

ñTo be a lean manufacturer requires a way of thinking that focuses on 

making the product flow through value-adding processes without 

interruption (one-piece- flow), a pull system that cascades back from the 

customer demand by replenishing only what the next operation takes away 

at short intervals and a culture in which everyone is striving continuously 

to improveò. 
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The principle of value is the starting point for the application of lean thinking: 

determining the main characteristics of a product and what a customer is willing to 

pay for it. This is also a first step in the identification of waste in the process. The 

second principle is that of the value stream: understanding the physical flows of 

materials, people and information. Value Stream Mapping, which was adapted by 

Rother & Shook (1999), is an important tool to visualise material and information flow 

(Liker 2004). The principle of flow refers to achieving the optimal order of process 

activities, by reducing variability and irregularity (such as bottlenecks) so that 

materials and information may move in a predictable way along the supply chain. Pull 

(together with flow) are regarded as the core characteristics of lean thinking and the 

cornerstones for the elimination of waste. Toyota defines waste as any activity that 

does not add value for the customer (Liker 2004). The idea of pull is to produce only 

as much as the following work activity needs while keeping the inventory at a 

minimum. The principle of perfection is closely related to the idea of continuous 

improvement - constantly striving for perfection in processes (Brady 2014). 

These principles, which are applied using the tools of the TPS, are illustrated in Figure 

2.2.1 below: 

 

Figure 2.3.2-1:  The TPS house (Liker, 2004, p. 33) 
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Howell and Ballard (1994) developed the concept of pull in the context of a lean 

approach applied to the construction industry and linked it to stability by addressing 

the reduction of inflow variation to produce a stable production flow. They pointed 

out that, from the field point of view, lean construction followed the strategy of 

improving stability in planning from the bottom up. Howell showed that the first phase 

involves shielding work execution and then moving up to adjusting the mechanism 

and, finally, to rethinking the initial planning. 

 

For Licker (2004), the concept of stability is grounded in Heijunka, the second 

foundation of the TPS House. Licker (2004) reminds us that for Toyota, a stable 

production flow will emerge from stable and standardised processes:  

ñThe foundation of the house needs to provide the overall stability on which 

just-in-time systems can be built and the system constantly adjusted by 

stopping to fix problems. Heijunka means levelling. The goal is to create a 

levelled stream of orders and a level workload. When the workload is 

levelled, there are opportunities to standardise processes. And levelling the 

workload is also necessary to know how much inventory to hold in the 

supermarkets.  

If there can be a run on the store for a particular product, the system will 

not be able to keep up. Stable, standardised processes are necessary, or just-

in-time production will mean no production. Without inventory to 

compensate for instability, the system will constantly shut down. And this 

will be even worse if someone is pulling the cord and stopping the line every 

time there is a problem.ò (Licker 2004). 

 

Sections 2.4 to 2.7 link the fundamental lean approach to its application in the context 

of this research (construction sites made by SMEs) through the search for stability. 

2.4 In search of production stability  in the manufacturing industry: the growth of 

flow theories and pull systems 

This chapter presents how production flow became a major focus in the search for 

system productivity in the context of manufacturing industry growth through the 1910s 
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to the 1980s and, finally, the formalisation of production stability in the late 1990s. 

This chapter provides a historical perspective of the growth of stability in the 

manufacturing sector. Section (2.5),  

In search of production stability in the construction industry: importing flow theories 

and pull systems from the manufacturing industry and developing dedicated 

approaches, then provides the perspective of the construction industry that followed a 

similar path years later. 

 

Production flow theories are an established research area under the heading of 

production efficiency: In Walking through Lean History, Womack reminds us that it 

is very often forgotten that the Venetians developed the capability to build hundreds 

of ships each year, meeting the Mediterranean campaignôs demand for battleships 

through a standardised design and continuous production flow.  

 

Frederic Chapin Flane (1934) described this 600-year-old flow-based production, and 

how, in 1574, the Arsenalôs expertise in building ships quickly was so dominant, and 

their operations management afforded so much of what we would today call 

competitive advantage, that King Henry III of France invited himself so that he could 

watch the construction of a complete galley in continuous flow. In 1925, a paper from 

Wollard titled Some Notes on the British Methods of Continuous Production, 

introduced flow variation into industrial production.  

 

The process control chart (PCC) was developed by Walter Shewhart in 1924; it 

represented, at this time, a large step forward in industrial quality toward the modern 

approaches that were later expanded to encompass wider applications in science and 

statistical applications.  

 

The PCC approach was later formalised and presented in his 1939 book Statistical 

Methods from the Viewpoint of Quality Control. It was the first time in literature that 

a continuous quality improvement was described as a cycle: Plan-Do-Study-Act. 

Deming later developed this to the better-known version, Plan-Do-Check-Act 

(Deming, 1939).  
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In 1954, in Principles of Mass and Flow Production, Frank G. Woollard (1954) 

investigated flow in upstream processes, stating: 

òthe virtue of flow production lies in the fact that it brings all inconsistencies 

into the light of day and so provides the opportunity to correct themò.  

His intuition was that : 

òthe high visibility conferred on the companyós activities by flow production 

will lead to unceasing and continuous improvementò (Woollard 1954, p. 

87).  

In a multi-operational environment, i.e., the vast majority of production sites, 

production-scheduling aims at reunifying the different stakes by creating a profitable 

balance between conflicting objectives (Hopp & Spearman, 2008). There are two ways 

of achieving this profitability by applying the approach of production control by 

meeting demand: push-based and pull-based. The controlling system can be similar, 

but the production flow is considered vice versa in the two approaches.  

According to Hopp and Spearman (2008), the distinguishing feature between push and 

pull systems is how the movement of work is triggered.  

"In a push system, work orders are scheduled based on actual or forecasted 

demand from a central system. In a pull system, work is authorised based 

on the current system status.ò  

They further refine this definition (2008) based on the fundamental difference between 

the two approachesô intrinsic effect.  

 òA pull system establishes an a priori limit on WIP, while a push system 

does not.ò  
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In brief, in a pull system, customer demand will enable production; the product or 

service (downstream process) is pulled (initiated) by the customer. Smalley (2004), in 

his book Creating Level Pull, further classifies the different pull systems into three 

categories: 1) replenishment pull, which feeds the production line as the production is 

being produced, 2) sequential pull, which allows for several types of production, and 

3) mixed-pull, which is a hybrid type of production from the first two.  

 

Smalley (2004) insisted that the size of the production lots, or batches, should be kept 

as small as possible (dictated by customer demand), whereby one-piece flow is the 

ultimate small batch. Pulling production can also mean stopping production if the 

demand decreases below certain levels (and demand is absorbed by the inventory) or 

stopping the production to avoid overproduction and signal replenishment by means 

of a kanban system that will trigger production only when the formal order is given 

from the demand. 

 

The above production approaches made significant steps in the search for productivity 

stability. Earlier, the bulk of production flow and inventory were controlled using 

reorder-point/reorder-quantity (ROP/ROQ) methods. The ROP/ROQ systems were 

based on process sequences that needed a large inventory of standard pieces, 

specialised machinery and Go / NoGo gauges (Hopp & Spearman, 2002). ROP/ROQ 

were typical push systems; the inventory and flow were forced into the system to 

ensure enough production and to meet customer demand. The demand, until the 1930s, 

was dictated by the offer, and the offer was limited to a few models available for each 

product.  

 

The best example is the Ford T Model, which was available in only one shade of black. 

Painting all their models in black not only enabled Ford to realise large economies of 

scale but also significantly reduced drying time. Manufacturing industry interests 

dictated the offer and, hence, tried to control the demand. Following the 1930s, 

demand became more exigent and required product diversity as a driver for mass 

consumption. This diversity forced the manufacturing industry to adapt the offer to  

more and more varied demand.  
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The development of computers and software (initially, the ability to compile a large 

amount of information) eased the processes of managing variability in the demand by 

tracking the inventory. The mass production system in the 1930s was based on a large 

throughput of parts, large inventory sizes and optimised, but oversized, tools. The time 

lag between steps increased and it required, but also promoted, the use of sophisticated 

information systems. A concrete answer was proposed in the 1960s by Orlicky and 

Wight Plossl, who developed a new system which they termed material requirements 

planning (MRP).  MRP was mainly a sophisticated information management tool, one 

of the earliest production-scheduling approaches operating through the use of 

computers. Although it started slowly, MRP was extensively developed in 1972. 

Productivity in the US had to be rethought to feed an increasing demand and pull the 

whole economy. An MRP Crusade was then launched by the American Production 

and Inventory Control Society (APICS) to promote the use of MRP and provide the 

industry with a better tool and approach to material planning, and to push finished 

goods into the market (Hopp & Spearman 2008). MRP is considered a push system 

given that there is  limited consideration of the customer demand in its approach, 

which is mainly based on the compilation of schedules of the production that should 

be launched based on a documented experience of its level and statistical inputs (Hopp 

& Spearman, 2008). 

 

The development of total quality management and later of 6 Sigma, based on standards 

and statistical analysis, in the 1970s, led to the development of MRP II, which 

incorporated capacity planning, capacity requirements, master planning and input-

output control. It required, of course, even more complex and powerful software. 

We can say that, from the 1930s to the late 1990s, the American production system 

relied mainly on the development and use of more and more complex software.  

 

MRP soon dominated the production systems in the US, while in Japan, several 

companies (e.g., Toyota) further developed the older ROP/ROQ approaches to a 

higher level. The situation of production in Japan in the 1940s was quite different from 

the one the US was experiencing in that, in Japan, the production volume was far lower 

than in the US, where long production runs enabled the efficiency approach to develop. 
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Taiichi Ohno was given the mission to develop a system that would enable Toyota to 

compete with American automakers based on significantly lower volumes., and in 

response, he designed, tested, developed and formalised what has come to be known 

as the Toyota Production System (TPS). Ohno thought the TPS could ñmake goods, 

as much as possible, in a continuous þowò (Ohno, 1988). 

 

Ohno based the TPS on two pillars: autonomation and JIT production. Autonomation, 

or ñautomation with a human touchò, developed how to build a best practice approach. 

Later, a number of additions have helped the system to perform optimally. Another 

component of autonomation is the limitation of errors by the use of fool-prooýng or 

poke-yoke. In the search for self-responsibility on the floor by the operators, TPS 

promotes the use of small devices in the production line so that the operator can make 

quick qualitative checks (colours, dimensions, weight, etc.). A self-controlling 

approach to quality as production progresses along the production line allows 

problems to be detected as far upstream as possible (as far upstream as the first poke-

yoke). In case of a problem found, the whole production line  is stopped until the 

problem is corrected. Using this system meant rework lines were no longer needed, 

problems that pulled efficiency down were identified and treated and corrective 

actions were proposed very quickly. Hence, Ohno, (1988) set the essence of lean as 

the reduction of waste.  

 

Another gemba-oriented approach to reach impeccable quality developed by Toyota 

under the TPS is 5S, or the means to create, maintain and improve a safe, sound and 

favourable workplace for the operators. The five Ss stand for seiri, seiton, seiso, 

seiketsu, and shitsuke. These can be translated as remove, sort, clean, improve, and 

maintain, a set of organisational and housekeeping techniques to achieve 

autonomation and visual control. 

 

The following sections offer an overview of the main flow systems and theories that 

have arisen from the 1910s, when Henri Fordôs flow production system was based on 

a unique model, to the current state of manufacturing, in which demand varies rapidly, 

both in quantity and in the means of production and delivery. 
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2.4.1 The 1910s: On the emergence of the Gantt and Program Evaluation and 

Review Technique (PERT) charts 

While the rise in production levels introduced new planning needs, controlling, and 

recording a work schedule and its progress, two American mechanical engineers 

(Henry Gantt and Frederick Taylor) developed a new method later to be called the 

Gantt chart. A Gant chart displays horizontal bars that represent activities of work, the 

length of the bar indicating the length of the activity, determined by the scale of the 

horizontal axis. For Gant and Taylor, a bar was a task, and each bar could be linked to 

another/others to indicate a sequence.  

 

Gant charts are still used extensively today and they are the base of scheduling in the 

construction industry. A Gantt chart focuses on the sequence of the works, and, hence, 

does not represent interrelationships or constraints among the activities within a work 

sequence. The PERT diagram was later developed to provide a road map indicating 

the major activities and their interrelationships, but this does not integrate the cost and 

quality inputs.  

2.4.2 The 1940s: On the emergence of takt time 

Variability in the demand introduced a need to adapt the pace of production while 

keeping limited inventories and waiting times. In a takt time system, customersô 

demand pulls the components and defines the pace at which the production must be 

set to meet the demand. Of course, it is not realistic to believe that the demand will 

settle at a stable level and allow the process to produce parts or components at an equal 

stable pace.  

 

Takt time is the opposite to the pace of demand: if there is an increase in demand, the 

takt time must drop to avoid a shortage in supply and if there is a decrease in the 

demand, the takt time should increase to avoid overproduction and the subsequent 

overstocked inventory. This means the output interval between the two outputs should 

vary to follow the demand (increased or decreased). Rahani et al. (2012) insisted on 

the importance of adapting the takt time to the demand to avoid the extra costs and 
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inefficiencies that are fathered by a takt time lower than the demand (i.e., producing 

ahead of demand). Rahani recalls that this would lead to the storage and retrieval of 

finished goods, the purchasing of raw materials in advance (needed for storage and to 

decrease the cash flow), an increase in manpower and wages, the production line being 

underutilised given other goods (that may be in demand) are not being produced, and 

costs incurred for storing and managing the unsold output. 

 In 2002, Hopp and Spearman proposed a definition of a pull system: 

ñA pull production system is one that explicitly limits the amount of WIP 

that can be in the system. By default, this implies that a push production 

system is one that has no explicit limit on the amount of WIP that can be in 

the systemò. 

To level production and give this a strategic aspect of productivity improvement in a 

pull environment, Ohno proposed to use takt time or takt-paced production. Boeing 

capitalised on this notion and deýned takt-paced production as follows (published by 

Hopp and Spearman 2008): 

ñTakt-paced production describes the rate of assembly in a factory. Lean 

does not mean doing things faster; it means doing things at the right pace. 

Essentially, the customerôs rate of demand establishes the pace or Takt time. 

So, rather than simply maximising the rate of work, lean sets the pace in the 

factory, ensuring that the customerôs needs are met on time.ò 

One could instinctively consider that the application of takt time demands that demand 

must be extremely regular to meet the production pace, and then reach efficiency. In 

manufacturing plants, setting a takt time (or a pace) instead of following demand and 

inserting variability helps smooth the production, and work on efficiency and meet 

demand. This is particularly made possible when a manufacturing plant knows its 

client and has kept a log of the demand levels that can be taken as a source for 

constraining the system with an initial takt time and adjusting this to the actual 

demand. Of course, the whole takt machine works smoothly until the first grain of 

sand stops the system.  
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Buǟering the production line from demand variability helps keep production 

overcapacity to absorb a determined level of uncertainty and guarantee that the system 

continues to run at a stable pace. This buǟer or contingency, either of production or of 

demand, is made possible with either an order backlog or production inventory. An 

order backlog will be generated when the demand exceeds the production capacity set by 

the takt time. A production inventory will be generated when the demand is lower than 

expected; in this case, the production pace is too high, and the production should be 

stored to meet future pick-ups in demand.  

 

The whole takted production system is based on the assumption that the suppliers of the 

line can meet the production demand at the determined pace. This is to say that particular 

attention should be paid to the long lead items, those items that can take more than the 

throughput time in the line. These items should then be accessed from internal fabrication 

centres or outside suppliers, i.e., made to stock. 

 

In real life, demand can vary greatly (e.g., because of seasonality or random surges) 

and in valley curve activity, the order backlog (demand) may temporarily run dry 

before the demand once again reaches levels that are too high to meet. In these under- and 

overcapacity periods, takt time should be adapted by anticipation, inventories of 

production stored and/or some jobs released. A takt time-based system can be adapted 

to a make-to-forecast mode that will customise the capacity production and buffer 

levels in anticipation of the demand volatility. 

 

A common confusion concerning takt time is that the literature has commonly deýned 

pull to be make-to-order, which only applies at the strategic or managerial level. At 

the production level, takt time should be understood as make to stock, or even make to 

forecast, to say that the inventory of production or inventory of orders is intrinsically 

generated and or needed by the application of takt-based methods to guarantee the 

smoothness of the production line and, hence, efficiency in productivity. 
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2.4.3 The 1940s: L imitation of the WIP One-piece flow 

One-piece flow is a process management system that seeks optimisation through 

controlling the movement of the parts between operations, one part at a time, within a 

production line. The production system, which is based on one-piece flow integrates 

sequencing, setup time and make-to-order approaches. Stockton et al. (2005) 

introduced manpower flexibility in the line and proposed walk cycles for an existing 

one-piece flow production line. In the example developed, the operators in the 

production line were limited to a repetitive sequence of loading and unloading machine 

tools. The machines were laid in a U-line to ease manpower line flexibility and flow 

within the process line.  

 

Important factors were considered when designing the U shape of the line in the search 

for one-piece flow, such as the selection of the work model, the assignment of the 

operation in the process line and the sequence of production. When the time comes to 

change task in a linear U-line, it is impossible to maintain any production at any stage 

of the line; the whole line must be stopped.  

 

Hence, in a one-piece flow production line, a buffer is required to absorb the 

production disruption and to overcome the freezing of the line. This can be calculated 

using demand history or experience or statistical data. As in a sound pull system, in a 

one-piece pull production system, the producer only starts producing when a kanban 

(signalling tool) stops piling in the line. The main difficulty lies in the uncertainty of 

the demand. Li et al. (2009) suggested that the design of a one-piece flow production 

line in an uncertain environment requires multi-objective evaluation that generates the 

need for an optimisation model. Then, the multi-objective task can be optimised to 

reduce the cycle time (CT), optimise the changeover, limit the cell load variation, and 

keep the number of cells manageable. Despite these attempts to understand and 

propose research into one-piece flow systems, Miltenburg (2011) has pointed out that 

the literature is still very limited in this research field and deserves greater 

consideration. 
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2.4.4 The 1950s: Production-levelling line of balance 

Monden et al. (1983) suggested that U-line balancing problems are augmented by task-

time variability and human factors or various disruptions. Task-time variability and 

the disregard for work rates are mainly due to the instability of human factors. Becker 

et al. (2006) and Chiang et al. (2006) noted that an activity is in essence a source of 

variability, intrinsically containing variables: any activity will be carried out 

differently from one worker to another and is highly dependent on the environment in 

which the production line has been designed. Thus, it is of great importance the costs 

of biases generated by the human factor and machine specifications are limited. The 

difference in the time the operator walks from one workstation to another and the 

machineôs own CT, which can also vary due to internal or external factors, leads to a 

non-balanced line or, in short, an imbalance. This tendency is emphasised in the case 

of change over time to meet demand fluctuation, where imbalanced lines are created 

in a mixed-model line. As in a one-piece flow approach, the resources necessary to 

produce the outputs are adapted to meet demand while overcoming the lineôs intrinsic 

imbalance.  

 

Monden et al. (1983) proposed a model based on man-machine flexibility that enables 

the free flow of materials, information, and human resources within the process unit. 

Miltenburg et al. (2001) suggested that customisation of the machinery to meet the 

optimised cycle time can ease a balanced process flow. In an optimised mixed-model 

flow, demand should command, and the design of improved workstations is no 

exception. Attention to the steps and manoeuvres to be operated within changeovers 

can help balance the flow in the production line by promoting quick configuration 

changes, making possible the production of smaller lots (or batch) that is the key to 

achieving an optimised balance. 

2.4.5 The 1950s: Production-levelling 

Volatility in the business environment increased after the 1930s and led to fluctuation 

in customer demand and to variability in production. While American industry was 

trying to address this volatility by the line of balance, as described above, Japan tackled 
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this issue from another angle. To avoid underutilised or overburdened capacities 

created by fluctuating customer demand (e.g., manpower, machines, idle times, 

breakdowns, defects, and so forth), a production-levelling system was created at 

Toyota, called heijunka. «Heijunka is a Japanese word referring to processes that help 

level or smooth out production. In a heijunka system, every product type is 

manufactured within a periodic interval, and the system itself controls the variability 

of the job arrival sequence to permit higher capacity utilisation. In doing so, heijunka 

avoids peaks and valleys in the production schedule (Bohnen et al., 2011; Huttmeir et 

al., 2009). This management of low volumes and high-mix production was further 

developed as group technology by Licker (2004), and later by Bohnen et al. (2011), as 

a clustering technique for part-family formation and family-oriented levelling patterns.  

 

Shortly after having validated the utility of heijunka as a means of production-

levelling, Taiichi Onho introduced a new management strategy that aimed to create a 

competitive advantage: just-in-time production (JIT). At this time, at the end of WW2, 

Japanese industry was almost completely defeated. US industry proved its ability to 

reach very high production levels; the productivity of an American car worker was 

nine times that of a Japanese car worker at that time. Onho had been assigned the task 

of developing a system that would enable Japanese workers to reach such levels, even 

though similarities in both the markets and production strategies were limited.  

 

Thus, Onho would, at most, be able to get inspiration from the US, but copying and 

pasting their systems would not be an option. The domestic differences were vast. 

While the American car manufacturers had to face very high demand and were 

consequently able to make lots or a batch of a model or a component before switching 

over to a new model or component, the Japanese conditions were quite the opposite. 

At this time, the Japanese market was highly fragmented and comprised many small 

markets that had to be addressed in a tailored mode and in small quantities. In the US, 

the market was so dynamic that the prices of finished goods rose high. That is to say 

that even with a sub-optimised production tool, the US manufacturers were still able 

to generate profits. Conversely, the low demand in Japan led to price resistance that 

forced Taiichi Onho to think beyond the existing productivity approaches. He rapidly 
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identified waste as the main issue to be addressed in the pursuit of reaching US 

productivity levels. He started to think of productivity as being pulled down by waste 

in the process and sought, through JIT, to eliminate it; items would be moved through 

the production tool only as and when needed and indicated by the system. 

 

De Treville (1987) claimed that learning was an important aspect of any continuous 

improvement process but that it could not reach a satisfactory level only through the 

application and analysis of JIT. A great source of information is the observation of 

disruptions in the production line, most importantly in situations or production sites 

where difficulties in production or waste could not be found using an analytical 

approach. De Treville (1987) later proposed embedding flow control with flexibility 

in the resources in the form of a balanced line and/or increased learning made possible 

through disruptions that cannot be immediately observed and need more sophisticated 

tools. Learning is key to the improvement process, particularly in the JIT approach. 

Long-term productivity gains are attained by investing in learning and switching from 

short-term productivity for information collection. 

Idle workers should be considered as resources (not problems); an opportunity to 

improve line balance by training workers in the search for buffer removal.  

 

However, De Treville (1987) has pointed out that the exploitation of disruptions in a 

learning process requires critical attention being paid to the design of the improvement 

actions that are undertaken and to the buffers that are inserted, the risk being the 

introduction of productivity losses and organisational stress:  

òA separate decision as to the óbestô type of JIT must be made for every 

intermediate buffer. Designing a JIT system hence requires a large 

understanding of the context and of the specific design choices.ò (De 

Treville 1987) 

A new approach in the search for efficiency arose at the end of the 1980s and, 

gradually, JIT production was replaced by planning based on the resources of the 

enterprise. Resource-based planning filled an increasingly larger part in the production 
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world, eclipsing the JIT movement in the US. However, in 1990, an important book 

was published in the form of a case study conducted by Womack, Jones and Roos 

(1990) called The Machine That Changed the World.  

 

The authors presented a comparison between manufacturing techniques in the 

automobile industry in the US, Europe, and Japan. They analysed the roots of the 

approaches and captured the efficiency levels. Having conducted a number of 

investigations, they found, with their significant differences, that that the Japanese 

methods, and particularly those of Toyota, were vastly superior. They also seized the 

opportunity to phase-out JIT production, which had already been almost forgotten, and 

proposed the generic term lean manufacturing.  

 

De Treville (2006) later emphasised respect for people, the establishment of good job 

characteristics and motivation as the main subsystem of TMS, in line with the 

fundamental principles of lean flow management. 

2.4.6 The 1960s: On the emergence of kanban and the inception of pull  systems 

Some literature tends to significantly change the way management sees production 

and its surroundings (e.g., Orlickyôs new way of life) and TPS. The ideas and systems 

described in such literature had a significant impact on society and are milestones for 

new systems thinking. In 1977, Sugimori et al.ôs Toyota Production System and 

Kanban System: Materialisation of JIT and Respect-For-Human System was the ýrst 

published academic paper on kanban and it confirmed that papers can have a dramatic 

impact on production and control systems. Sugimori (1977), and later Kimura and 

Terada (1981), developed the mechanics of kanban and how to implement it. 

Schonberger (1982), Hall (1983) and Monden (1983) published studies on TPS, JIT 

and kanban but their impact on the industry was only notable in the 1990s. 

 

In the late 1990s, Ohno expressed a switch in how the market created a new way to 

view demand. The old way, in that manufacturers considered their workplaces as the 

production sites of units, based on desktop planning alone, that would then be 
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distributed and sold by commercial teams, was to evolve dramatically. This former 

vision based on push (distribute products onto the market to create the demand) 

switched to a more customer-demand-centred approach. The customer was now to set 

the pace of production and the quantity of the products to be bought and, hence, to be 

produced. An order from a client was, one could say, considered to be the first kanban 

of the line that would, going upstream, lead to supplying the manufacturing plant and 

meeting the demand. 

With the adoption of kanban, and its investigation by those researchers, the term pull 

arose for the first time. The link between the new kanban and the older base stock 

system was first acknowledged by Karmarkar (1986, 1991), bridging Simpsonôs work 

(1958), who described the base stock system as follows: 

 òWhen an order is placed, it is ýlled from inventory if the inventory is not 

zero. If the inventory is zero, the order is placed in a backorder ýle, to be 

ýlled when an item arrives. In any event, a manufacturing order is 

immediately placed with the preceding manufacturing operation to produce 

an item to replace the item that has been consumed. The manufacturing 

operator, in turn, immediately places an order for the required raw 

materials against the preceding inventory, and as soon as this order is ýlled 

[i.e., he has the needed inventory], he proceeds to ôoperateô on it to produce 

the required item. In this way, an order against the last inventory for a 

ýnished item is immediately transmitted all the way back along the line to 

all the manufacturing operations, each of which is galvanised into 

production."  

Speaman (1992) noted that, despite the many similarities that can be found, the two 

systems (kanban and base stock) are not identical: 

òKanban would not place an order for more parts if a demand (in the form 

of a move card) had arrived when there was no stock in the outbound stock 

point. Instead, there would be one or more production cards already in 

process and whenever one of these was completed, the waiting move card 

would be immediately attached to the recently completed container of parts 

and the production card would be sent back into production. In this way, a 

kanban system bounds the amount of WIP there can be in the system while 

the base stock system does not.ò 
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Zazanis joined Spearman (1992) and demonstrated that the conditions of operations, 

environment and external factors are important factors and that the improvement of 

performance in pull systems is highly dependent on three primary logistical drivers: 

 

1. Less congestion: A comparison of an open queueing network with an equivalent 

closed network shows that the average WIP is lower in the closed network than in 

the open network, given the same throughput. The eǟect is relatively minor and is 

due to the fact that queue lengths have no correlation in an open system but are 

negatively correlated in a closed queueing network, an observation made earlier 

by Whitt. 

 

2. More control: This fundamental beneýt results from several features: 

a. Work-in-process is easier to control than throughput. A direct measure of 

the WIP is made possible when measuring throughput requires more effort, 

time and calculations; that penalise the reaction time. 

b. Throughput is typically controlled with respect to capacity. Opposite to 

WIP, which can be observed directly, capacity requires a number of other data 

and measurements, such as process time, setup time, random outages, worker 

eǣciency, rework (é), that will determine the actual capacity of the 

production of the unit. 

c. Throughput is controlled by specifying an input rate. As the capacity of the 

line is a fixed physical bottleneck, the input rate is the main variable in the 

production equation (considering the human resources of the line are also 

fixed). If the input rate exceeds the capacity of the line, throughput will be 

equal to the bottleneck, and WIP will build up at all stages. If the input rate is 

less than the capacity of the line, then the throughput will be equivalent to the 

sum of the inputs. Sharply assessing the capacity and adapting input rate 

guarantees that the optimal capacity can be reached while limiting the WIP. 

Consequently, it is of huge importance to finely control the WIP levels as direct 

indicators of the whole system efficiency to seek robustness. Conversely, the 

systems that only control throughput generate errors and can be much less 

efficient in the search for productivity.  



70 / 412 

 

 

3. Work-in-process cap: The beneýts of a pull environment owe more to the fact that 

WIP is bounded than to the practice of pulling everywhere. Limiting the WIP by 

inserting bounds, or a throughput of a closed-queueing network without blockage, will  

be largely beneficial to the results of a kanban system. 

 

In the same vein, Spearman and Zazanis (1992) proposed CONWIP, a hybrid push-

pull system. CONWIP has the same genetic approach as kanban but can be applied to 

a wider range of operations. Later publications by Veatch and Wein (1994) also 

demonstrated that the kanban system largely benefits WIP management. However, at 

this point, the understanding of pull varies between authors and advocates. For Hopp 

and Spearman (2002), one reason for this is that pull systems are mostly discussed in 

general terms and at a very high level, leaving the operation managers with their own 

understanding and interpretation which is too often solely linked to just-in-time. 

 

As seen in the introduction of this chapter, Ohno has described extensively the 

conditions required to make pull work, amongst which are creating a standard of work 

method (autonomation) and  levelled production. However, he failed at providing a 

working description of what pull is. Confusion in the gemba between kanban, JIT and 

pull are common, and the result of this is low performance of the improvement systems 

tested. Conversely, a push system, which is most commonly intuitive, has almost 

become synonymous with MRP.  

 

Cheng (1993) proposed a definition of pull, stating that parts could only be moved 

from  one work station to the next one in the queue when it was ready to welcome 

the input and continue the process. This idea was later developed by Hopps and 

Spearman (2003): 

ñPull systems by far outreach the responsiveness of a push system. The 

responsiveness of the system to changes and problems which arise in 

upstream processes allow the downstream processes to be shut down. This 

prevents the accumulation of inventory on the plant þoor.ò  
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A key catalyst for this change was Womack and Jonesô Lean Thinking (1996), which 

was a follow-on to their highly successful The Machine That Changed the World. Still , 

no clear definition of pull was provided. The book starts as follows, as recalled by 

Hopps and Spearman (2003): 

ñPull, in the simplest terms, means that no one upstream should produce a 

good or service until the customer downstream asks for it, but actually 

following this rule in practice is a bit more complicated.ò 

As seen in the above paragraph, managing inventory levels has become an important 

strategy in the search for resources and quality optimisation. The kanban, a subsystem 

of lean manufacturing, was created in Japan by Taiichi Ohno to control the production 

and supply of components and limit inventory needs. Sipper et al. (1997) added that 

kanban can be seen as a twofold signalling system: production Kanban and 

transportation kanban, which is called a dual-card kanban signalling system.  

 

Given that production faces demand uncertainty, it is necessary to introduce buffers to 

stabilise the production flow, adapt the kanban systems and exhaust/produce inventory 

so that it reaches acceptable levels. For Sipper et al. (1997), the application of kanban 

systems, through the mixed-model of production coupled with optimal inventory-level 

management, allows more reactivity to face demand variations (a decreased lead time) 

and an optimisation of the utilisation of resources (machinery, workers, materials, 

etc.). Junior et al. (2010) later claimed that, coming back to the fundamental approach 

of learning, the implementer can raise knowledge and continue improving the 

observed system by analysing the variations of the kanban. By keeping a log and 

exploiting the data collected, the kanban becomes a robust, objective but highly visible 

and trackable witness of the intrinsic effectiveness of the production line. 

 

Ohno on the one hand and Womack and Jones on the other hand later complemented 

their views on the notion of pull and kanban. While the former addressed the strategic 

level about the basic connection between production and demand, the latter developed 

the tactical aspects of lean implementation. Womack and Jones considered that the 
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experience of a client started at the order stage and that the plant had to adapt to the 

demand and not the contrary.   

Hopp and Spearman (2008) distinguish between push and pull production control 

systems as follows:  

ñIn a push system, such as MRP, work releases are scheduled, and in a pull 

system, releases are authorised. The difference is that in the former case, a 

schedule must be prepared in advance, while an authorisation is decided by 

the status of the plant.ò 

However, the popular understanding at the managerial level is that a pull system 

consists of make-to-order while a push strategy is based on make-to-stock. From this, 

one could say that a make-to-order MRP system would be an ideal pull system, which 

is fully contradictory to the historical intent of the pull approach as Ohno, Hopp, 

Speaman (é) defined it. Again, a common bias in the understanding of the new 

approach comes from the fact that there is not enough understanding linkage between 

the top managerial level and the operational management level.  

2.4.7 The 1980s: The introduction of the theory of constraints and the critical 

chain 

The limits of the CPM have been progressively demonstrated over the years. The CPM 

does not fully consider non-critical activities and the risks attached (logistics, labour 

or information), nor does it consider that a critical path may change over the project 

life. Eliyahu Goldratt designed the theory of constraints, considering that any 

interdependent system can never be better than its weakest point. Improving a project 

and its schedule thus became dependent on the identification of constraints and their 

mitigation. 

 

In a book named Critical Chain, Goldratt (1997) introduced the eponymous concept. 

The critical chain approach proposed going beyond CPM calculations. CPM used the 

resources required to deliver the project and was mainly based on rigid project 



73 / 412 

 

scheduling and a strict sequence in a projectôs activities. Critical chain proposed that 

more flexibility in the resources allocated to the project was key in keeping a project 

on schedule. Goldratt seized on flexibility as an opportunity to integrate uncertainty. 

Uncertainty could then not be considered a problem, but rather as a buffer, something 

that could be followed and managed to increase predictability and from which problem 

resolution could be learned to lower the uncertainty. 

2.4.8 1999: Formalising the search for stability: Decoding the DNA of Toyota 

Toyota has long been seen not only as a car manufacturer but also as an innovative 

company that has applied a scientific approach in search of impeccable quality and 

higher productivity. For Spear, Toyota is a community of scientists conducting 

scientific experiments that lead to the manufacture of cars in the most efficient way. 

The problem, states Spear, is that the TPS is not, and will most certainly never be, a 

written dogma. The TPS is based on the sharing of experience and passing the culture 

of excellence from managers to managers vertically and in both directions. The 

approach is designed to favour the workers who understand the rules by applying them 

in the gemba, with the training being a positive side-effect of solving problems before 

seeking, identifying and solving other problems. Doing and favouring this helps 

Toyota to continuously increase knowledge at the individual level, and the sum of all 

the individual knowledge is what could be considered the actual TPS.  

 

Generalisation of the knowledge across the company helps Toyota to better design 

their activities and always produce better products (of higher quality and more 

efficiently). Of course, and the key to the TPS lies here, Toyota expects significant 

effort from the managers so that they are willing and able to constantly question their 

operations and, hence, help facilitate the learning-by-doing culture.  

 

The experience conducted in the research came to the same conclusion, showing that 

the willingness to learn is a leading prerequisite for the adoption of lean working 

practices on a construction site. 
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The overall TPS approach has been summarised within in four rules, proposed by 

Spear: 

 

Rule Hypothesis Signs of a problem Responses 

1 ñThe person or machine 
can do the activity as 
specified. If the activity is 
done as specified, the 
good or service will be 
defect-free.ò 
 
 

ñIf the activity is not 
done as specified, the 
outcome is 
defective.ò 

ñDetermine the true skill level 
of the person or the true 
capability of the machine and 
train or modify as appropriate. 
Modify the design activity.ò 

2 
ñCustomersô requests will 
be for goods and services 
in a specific mix and 
volume. 
The supplier can respond 
to customersô requests.ò 

ñResponses do not 
keep pace with 
requests. 
The supplier is idle, 
waiting for requests.ò 

ñDetermine the true mix and 
volume of demand and the 
true capability of the supplier; 
retrain, modify activities, or 
reassign customer-supplier 
pairs as appropriate.ò 

3 
ñEvery supplier that is 
connected to the flow 
path is required. 
Any supplier not 
connected to the flow 
path is not needed.ò 

ñA person or machine 
is not actually 
needed. A supplier 
provides a good or 
service.ò 

ñDetermine why the supplier 
was unnecessary and redesign 
the flow path. 
Learn why the non-specified 
supplier was actually required, 
and redesign the flow path.ò 

4 
ñA specific change in an 
activity, connection, or 
flow path will improve 
cost, quality, lead time, 
batch size, or safety by a 
specific amount.ò 

ñThe actual result is 
different from the 
expected result.ò 

ñLearn how the activity was 
actually performed or the 
connection or flow path was 
actually operated. Determine 
the true effects of the change. 
Redesign the change.ò 

Table 2.4.8-1 The Toyota production system (TPS), adapted from Spear (1999) 

 

 

Spear argues meta routines can be built by the regular application of the basic rules of 

system design and generate: 

ñhighly situated learning that is both broadly distributedò and where 

ñlearning occurs through frequent practice that allows for repeated 
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failureò. Spear also states that òThe point of process improvement is to 

improve the participantsô process improvement capabilities by coaching 

them as they try to improve the process.ò  

Learning and disseminating the learning culture and the outputs of the learning is key 

at Toyota.  

On the link between organisation and production, Spear added that: 

òThe factory was not only a place to produce physical products; it was also 

a place to learn how to produce those products and [...] keep learning how 

to produce those products.ò  

Reducing variability should, nevertheless, remain at the centre of the goal as a key to 

building on a more stable environment, the only way to guarantee the composure of 

the system in the long run. Any issue that would pollute the system stability must be 

identified as early in the process as possible to reduce such issues recurring in the line. 

Learning about process inefficiencies provides learning opportunities for the 

organisation that should then be exploited to improve process designs and build the 

main asset of the company: human resources (knowledge) (Spear 2009). Workersô 

motivation is especially dependent on their variety of skills and level of responsibility; 

thus, dedicated human resources practices are necessary. 

2.5 In search of production stability in the construction industry: importing  flow 

theories and pull systems from the manufacturing industry and developing 

dedicated approaches 

While Section (2.4), In search of production stability in the manufacturing industry: 

the growth of flow theories and pull  provided a perspective on the rise of the concept 

of production stability, Section (2.5), In search of production stability in the 

construction industry: importing flow theories and pull systems from the 

manufacturing industry and developing dedicated approaches presents the same 

historical development in the context of the construction industry. Section  

(2.6),Linking manufacturing and construction flows  then links the two developments. 
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2.5.1 The 1930s: Critical path method (CPM) 

While production systems were being developed, tested and improved in the 

manufacturing industry, being tackled from different angles in the US and in Japan, 

the construction industry mainly relied on the Gantt chart and CPM until the 1990s, 

and the vast majority of the construction players still mainly rely on these tools. While 

the Gantt was first used in the 1931 Hoover Dam construction project (a hydroelectric 

station at the border of Arizona-Nevada, US), the CPM was first been presented in 

1961 in a paper for the US Navy by Fondahl. The CPM, also called critical path 

analysis, is presented as a mathematical algorithm for scheduling a set of project 

activities.  

 

The CPM is, nowadays, an important tool for project managers that is taught 

extensively in engineering schools and is used worldwide. The critical path can be 

defined as the sequence of consecutive activities that constitute the longest duration in 

a given project. In other words, the critical path shows the longest duration that is 

needed if no optimisation of the tasks that constitute it is found, while,  at the same 

time, it shows the minimum time to complete the project. If any activity is delayed in 

the critical path, the duration of the project will be delayed similarly (all activities are 

linked without any kind of identified buffer). Depending on the complexity of the 

schedule and of the complexity of the project - a schedule can be linked to others - a 

given project can have several critical paths. The critical path is commonly represented 

as a succession of red lines that indicate the spin of the Gantt chart. 

 

Figure 2.5.1-1          Example of a Gantt chart 
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The limits of the applicability of CPM in the construction industry are marked by 

construction projects differing from manufacturing plants mainly in terms of their 

highly variable production rates. The impact of this variability is demonstrated by the 

simulation Parade of Trades, from Tommelein et al. (1999), and is presented in 

Thomas et al. (2002) and Sack and Goldin (2007). For Sack and Brodetskaia (2007), 

a major issue in accurately and reliably managing flow progress in the construction 

industry is the application of the CPM and the software.  

 

The CPM mainly focusses on determining the critical path from an array of tasks 

linked by interdependencies, which is valid in a linear process such as in the 

manufacturing industry, but the processes in the construction industry are very 

different. In the transformation concept that manages construction management 

approaches, Koskela and Vrijhoef (2000) recall that total transformation can be 

achieved only by realising all parts of it, introducing decomposition into parts and, 

further, into tasks. These tasks are then assigned to workstations, and resources are 

added to the system to make progress. 

2.5.2 1994: The Last PlannerÊ System (LPS) 

The LPS aims to address flow stability and reliability. It is a well-developed lean 

production tool for project planning and management (Ballard, 2000). Implementation 

of the LPS demonstrates the continuous improvement of project flow and increased 

levels of percentage of promise completed (PPC). However, even where the LPS has 

been applied well, PPC levels of 100% have not been achieved (Bortolazza et al., 

2005).  

 

Many techniques have been developed to run the five levels of strategy contained in 

the LPS: (a) milestone planning, (b) phase scheduling (the macro-collaborative 

scheduling of the next phase), (c) making all tasks ready to start in six weeks, (d) 

production planning (works synchronisation), and (e) feedback and checks on the 

completion of commitments. A sixth conversation has been added to capture the 

essence of the TPS: learning. Despite its unquestionable advantage over the CPM, the 
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LPS still needs to be improved.  The LPS is not itself capable of reacting to the 

unpredicted conditions that emerge in the course of a workday and has no mechanism 

to prioritise the work packages already filtered through a make-ready process. Each 

manager should adapt the use of LPS to his or her own environment and constraints. 

Another limit of the LPS is that it is not sufficient by itself to ensure both work stability 

and continuity, as shown in the site research conducted. 

2.5.3 The 2000s: Continuous flow 

A number of papers address the concept of continuous flow as part of a larger scheme, 

and the concept of continuous flow is worth exploring also as a complement. 

Kreamerôs (2004) categorises flow as: 

ñ adding and non-value-adding activities, even flow, variability, seven 

preconditions and value flow. ò  

Below are discussed some of the main citations from IGLC articles that support this 

hypothesis. The search for continuous flow can be addressed from various angles. 

Continuity be the converse of discontinuity. Therefore, to avoid any discontinuity in 

the flow of production, the gap between two tasks can be filled by delaying the start 

of the first to link its end to the start of the following. Yang has argued that there is 

nothing new in this given that the project managers who work in a seasonal 

environment have already estimated the necessary postponement when experience 

informs them of the probability of work discontinuity (Yang 2002). 

 

Another angle can be to divide the work or create output aggregations that will ease 

the continuity by limiting the variability of the output, thus enabling more control in 

the continuity of the process. Hopp and Spearman introduced the concept of the bath 

flow systems in their paper Factory Physics in which they develop their science of 

manufacturing. Building on this idea, they propose looking at the production, more 

like a line flow or a continuous flow process. Ballard (2005) points out that, although 

the concept is valid and merits development, there is a failure to take into full 
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consideration the job on the shop floor. Bulhoes, Picchi, and Granja (2005) proposed 

an approach of continuous improvement as part of a broader overall improvement 

effort. This research was later developed to highlight the role of production 

stabilisation to create an adequate environment for the implementation of continuous 

flow (Bulhoes, Picchi, & Folch, 2006).  

 

Other authors have addressed the importance of flow continuity, without necessarily 

offering a means of achieving it: 

òIn the construction sector, still heavily dependent on human resources to 

impose the rhythm of production, Jidoka means greater autonomy for the 

operatives to enforce a continuous work flowò (Kemmer et al. 2006). 

òDuring the PSD meetings, much attention was given to the production-

assembly synchronisation in order to promote a continuous workflowò 

(Schramm 2006). 

There are indications that the principle of continuous flow adopted in the production 

and assembly of prefabricated structures can be extended to the design of the process, 

despite its complexity owing to the large number of different professionals involved, 

including external designers, and frequent changes demanded by the client (Bulhoes 

& Picchi, 2008). 

 

In a construction industry that is lacking in the adoption of lean concepts, importing 

the concept of continuous flow is an ambitious challenge given that in the other 

industries where continuous flow has become central in a lean approach, this effort 

was supported by many various lean-related tools and methods already in use. 

2.5.4 The 2000s: Batch flow 

Batch flow has been extensively addressed and researched since 2002, and the concept 

of batch flow is complementary to the five proposed by Kraemer (2004) and to 

continuous flow. Lean production emphasises the creation of smooth and small batch 
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flow with little inventory of WIP, short cycle-times and the development of being able 

to react to new constraints and evolutions in the output to constantly fit the market 

demands (Partouche, 2008). The particularity of the construction industry is that the 

site is, in essence, temporary. This implies that the environment of the production line, 

the site itself, changes from project to project. Moreover, the production line (the site) 

also evolves from its inception through to its completion, and the production flows are 

in constant evolution.  

 

Hence, a site be a temporary production system that is operated by temporary workers, 

one that fathers great variability in its production capacity and efficiency. To overcome 

this difficulty, Arbulu (2006) proposed dividing the work into batches of equal size 

and focusing on the flow of these batches.  

 

If the construction streamline cannot be addressed as a whole, some unit production 

should be found, aggregated and their flow managed. The use of a pull signal that 

could release the same amount of work flows through the production system would 

then reach flow stability, even in a highly unstable environment. This mechanism 

implies that the levels of WIP are the same for each signal. However, that is rather 

unlikely when dealing with different trades with significantly different production 

rates and logistical constraints.  

 

Arbulu continues and advocates that the gap between the application of batch flow 

systems in the manufacturing industry and the construction industry should be closed 

by ñincreasing workflow predictability beyond one day and by reducing delivery 

timesò (Arbulu, 2006). Now, even if a stable system can be found and implemented 

on site, it is likely that the final end-product will evolve across the production of the 

product itself. Clients and owners like to introduce changes to the final object to be 

constructed and delivered (design changes, technical changes, extra specifications, 

detailing, new financial or time constraints, etc.) that may directly or indirectly affect 

the stability of the process and/or ruin the flow of work on site. In this vein, Partouche, 

Sacks and Bertelsen (2008) remind us that the importance of creating a smooth product 

flow and reducing variation (in the end-product design)  are well-understood in mass 
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production systems where lean approaches have been developed, but they are new in 

the construction industry.  

 

Arbulu and Tommelein, (2002) emphasise the importance of batching in the 

construction industry as a means of reducing the effect of the intrinsic variable 

environment just described as a big contributor to lead time. They advocate that, 

virtually today but physically tomorrow, the batch size should be one. Focusing on a 

batch size of one is equivalent to addressing a one-piece flow, something that is highly 

manageable and which eases the creation of a system of continuous flow with the least 

delay. 

 

Alves and Tommelein, (2003) further develop and argue that the smaller the batch the 

higher the possibili ty of detecting problems or defects in the production line (site) that, 

if treated in a lean ñbad news early is good informationò culture offers opportunities 

for creating a smoother flow of work through the various workstations in a production 

system. The small-batches assembly strategy, standardising and controlling the 

assembly cycle, and process stabilisation have led to a 105% increase in productivity 

in relation to the budget structure (Bulhoes 2006).  

2.5.5 2000s Information (or data) flow  

Information (or data) and its treatment has become a key success factor in the search 

for a stable flow, given that a larger and larger volume of data is used across the 

industry. This increase started at the end of the 1990s and accelerated with the 

development of fast-track information-sharing (intranet) and the internet. It has now 

become highly important in ensuring reliable and accurate data transfer among 

participants to avoid a slow-down in the efficiency or blocking of the production flow 

that could be caused by delays and interruptions in the information flow. Polat and 

Ballard (2003) showed that dramatic effects can be generated by waste in the total 

chain of the works that may be caused by interruptions and delays in information flow, 

inefficient or neglected ordering systems, inaccurate data transfers and long delays for 

required information (Alves et al. 2007).  
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Howell and Macomber, (2006) present the data flow as a loop that starts with a request, 

is transformed into a promise, and leads to a workflow in the form of information and 

materials being released from one participant to the next. The different steps through 

which data should go through should then be conceptualised. The design process must 

be as precise and accurate as possible to ease the flow of information, coordinate 

interdependent flows and integrate the design with the supply and site construction 

constraints to guarantee value creation (Loria-Arcila & Vanegas, 2005). 

 

Value is created by the flow, both for internal and external customers. The 

transformation of inputs into outputs to clients (internal or external) is delivered by the 

suppliers, and materials and information flow from one to another within the process, 

through value-adding and non-value-adding activities). Meiling and Johnsson, (2008) 

advocate that data treatment has become an important aspect of the possibility of this 

transformation and that information flow should be addressed as any other flow. 

 

With the establishment of building information modelling (BIM) and other fast 

information transfer possibilities, information is shared at a higher and higher pace. 

The adoption of efficient methods for organising and improving access to the 

information has become critical for the creation and maintenance of a reliable 

workflow. For this, many IT tools have been proposed to automatically classify the 

received documents and promote information flow management. Once in place, these 

IT tools can be further developed and adapted to optimise the in-house information 

flow management of a company, support a more global pull system and be fully 

integrated into the performance system (Caldas & Soibelman 2002). 

2.5.6 The concept of flow in the construction industry  

The concept of flow has been investigated from many angles since Koskelaôs  (1999) 

seminal work on the subject. Several studies have focused about flow, tackling the 

concept from different angles. The different approaches to the subject include the 

following: 
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o creating flow in construction (Santos 1999; Santos et al., 2002; Alves & 

Tommelein, 2003; Shen & Chua, 2008) 

o tools to support flow (Bulhoes, Picchi, & Granja, 2005; Alves, Tommelein, & 

Ballard, 2006; Gafy & Abdelhamid, 2008; Tuholski & Tommelein, 2008; 

Senthilkumar & Venkatachalam, 2009; Kerosuo, Koskela, Miettinen, Maki, &  

Codinhoto 2012) 

o mechanisms to pull production (Caldas & Soibelman, 2002; Sacks, Goldin, & 

Derin, 2005; Arbullu, 2006; Rooke, Seymor, Koskela, Bertelsen, Owen, & 

Cleary, 2008; Brodetskaia et al., 2010; Tiwari & Sarathy, 2012)  

o visual devices to increase transparency (Formoso & Santos, 2002; Santos 

Moser 2003; Tan, Horman, Messner, & Riley, 2003; Nakagawa, 2005; 

Schramm & Formoso, 2007; Lima, Formoso, & Echeveste, 2008; Chavada et 

al., 2010; Koskela & Patricia et al., 2011; Brady, Tzortopoulos, & Rooke, 

2012) 

o reduction of the CT (Ballard, 2001; Elfving et al., 2002; Walsh, Sawhney, & 

Bashford, 2003; Chin Yoon Jung et al., 2004; Sacks, Goldin, & Derin, 2005; 

Jang & Ballard, 2007; Partouche, Sacks, & Bertelsen, 2008; Chin, 2010) 

o batch size reduction (Alves & Tommelein, 2003; Maturana, Alarcon, & Deprez 

2003; Thomassen & Nielsen, 2004; Al -Sasi & Brown, 2006; Esquenazi & 

Sacks, 2006; Ward & McElwee, 2007; Carneiro, Filho, Alves, Nascimento, 

Carneiro,  & Neto, 2009). 

 

Picchi and Granja (2012) argue that despite the many studies undertaken on flow, the 

application of continuous flow in construction is still understood only in a fragmentary 

way. Bertelsen and Sacks (2007) argue that the general understanding of the 

construction process within the industry and on the part of public administrators is too 

simple as it sees the process from a transformation perspective only, entirely ignoring 

the important flow perspective.  

 

They advocate that the construction process should be seen as a basically ordered 

system where order should be improved as much as possible and where unforeseen 
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events, unfortunately, happen from time to time, as opposed to understanding 

construction as a complex and dynamic system where the complexity and its effects 

should be managed directly. They conclude by stating that, therefore, a new mental 

model is needed. 

Hopp and Spearman (1996) suggested that the application of queueing theories can 

ease the flow processes in a search for stability: stability as the converse of variability.  

 

While Brodetskaia (2007) argue that a theoretical understanding of flow operations by 

the shop managers is needed, which would help them make better utilisation of their 

resources from day to day and then lighten the choice of the system to be used, 

Alsehaimi and Koskela (2008) further elaborate that project management theory 

focusses on the transformation concept without considering either the value or flow 

concepts. 

 

Sacks (2009) agrees, challenging the meaning of process and reminding the reader that 

Koskela (2004) showed how established researchers, publishers and/or authors, such 

as  Womack and Jones (2003), could be in a state of  confusion over two key concepts: 

1) flow and 2) value generation. This misconception can lead to missing the difference 

and the opportunities that each of the two concepts bring in the understanding of 

performance generation.  

 

At its origin, the concept of lean production has been based on the concept of flow to 

better understand performance as a whole. The concept of value, which has been 

spread by the quality movement with only a limited understanding of its meaning (too 

often reduced to money generation), has latterly been unified with the concept of flow 

under the lean production umbrella.  However, there is still a huge effort to be made, 

both in the academic world to bring clear definitions and in the practical world, to 

understand the concepts of both value and flow. 

 

Kalaas and Bolviken (2010) argue in their paper The flow of work in construction: A 

conceptual discussion that the lean literature is still unclear and imprecise concerning 

the concept of flow. Shingo (1988, p. 232, 305, 308) uses flow in the sense of a chain 
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of events, and he sees the distinction between process and operation as one of his main 

contributions to production theory and as being fundamental for the understanding of 

production. He explains process and operation through a two-dimensional figure, with 

the processes flowing vertically (parallel to the y axis) and the operations flowing 

horizontally (parallel to the x-axis). Processes are the chains of events during which 

raw materials are converted into products (p. 305). Processes are object flows, flows 

of goods (p. 78). Operations are the chains of events during which workers and 

machines work on items (p. 305). Operations refer to a human temporal and spatial 

flow that consistently centres around the worker (p. 5) and are subject flows, i.e., flows 

of people (p. 78).  

 

Both processes and operations consist of four phenomena which differ in terms of 

content: processing, inspection, transport, and delay (pp. 79ï80). When working to 

improve production, processes should have priority over operations (pp. 310ï311). 

Shingoôs main point is understood as being that maximising output from operations 

implies sub-optimisation, and operations should be coordinated to maximise overall 

throughput or throughput time for the flow of objects. This focus is central in lean 

thinking and represents a philosophy that differs from, for example, the Western 

thinking underpinning methods addressing the economic order quantity at the 

operations level (Wilson, 1934). 

 

When Shingoôs terms are applied to construction, the process can be conceived of as 

the progress of the project, while the work undertaken by the different trades 

constitutes the operations. A construction project is seen as a process of aggregated 

sub-processes, but not primarily comprising sequential but also reciprocal 

interdependencies.  

 

Operations in constructions can be split into work packages with their own internal 

flow (processing, inspection, transport or movement, and delay). When work packages 

are aggregated, with all the sub-flows involved, each package or task becomes a 

process in Shingoôs concept, influencing the progress of the whole project.  
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Kalaas and Bolviken developed a preliminary concept of flow that contains the 

following properties: 

 

o Flow is seen as a chain of events. 

o It seeks to build and expand on Shingoôs flow concept with the dimensions of 

process and operation, which include processing, inspection, delay, transport 

or movement and supportive work. 

o The question is not whether production flows, but rather how it flows. 

o Added value or added use-value is part of the concept. 

o Results should be reworked in flow with a negative value. 

o Construction work is discrete production, and interruptions represent an 

attribute to be considered rather than an assumption that there is an 

uninterrupted continuous flow. 

o A distinction must be made between conditions for flow and the flow as such. 

o Both sequential and reciprocal dependencies in building production must be 

taken into account. 

2.6 Linking manufacturing and construction flows 

This section presents the links that can be found between the two contexts presented 

in (2.4), In search of production stability in the manufacturing industry: the growth of 

flow theories and pull , and in (2.5), In search of production stability in the 

construction industry: importing flow theories and pull systems from the 

manufacturing industry and developing dedicated approaches.  

 

Section (2.7), Lean Construction research on SMEs, narrows the literature review to 

address the concept of the SME and closes the literature review.  

2.6.1 Two vs three types of flows 

Car production and the construction process have been investigated by Koskela 

(1999). For Koskela, car production has two material flows: the most visible flow 
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consists of the flow in the progress of vehicles through the assembly line and the less 

visible flow concerns the materials brought to the assembly line to build the car : 

 

 

 

 

 

 

 

 

 

 

 

 

ñThe material flow of components to the site is comparable to that of car production. 

The building frame proceeds through the different assembly phases (referring to the 

processing of all locations by a workstation) like a car proceeds through different 

workstations. However, due to the size of a construction product, there is an additional 

workflow where all installation locations proceed through the workstations, called the 

ôlocation flowôò (Koskela, 1999).  

 

Manufacturing 

plant 

Flow of components 

 

Flow of car bodies 

Figure 2.6.1-1 Illustration of cars' manufacturing production  flow 

Construction site 

Flow of inputs (components and 

materials, labour, equipment, 

information, auxiliary tools) 

Flow of trades 

Figure 2.6.1-2  Illustration of construction site production flow 

 

Flow of locations 
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While a construction building is static, a car body is (inherently) dynamic, and while 

trades are dynamic on a construction site, the workstations in a manufacturing plant 

are static. We can, therefore, define a construction site as an assembly line in multiple 

locations. Any given activities can be performed only when all the required input flows 

with minimally required volumes appear simultaneously in each location 

(Brodetskaia, 2007). 

 

Just like in a manufacturing plant, the productivity of the whole construction process 

is impacted by the performance of as little as one trade. If the productivity of a single 

trade slows down, the weakest productivity trade becomes the weakest link that 

determines the productivity of the whole project chain (it creates a bottleneck). The 

acceleration of production of only a single trade leads to an accumulation of work 

locations in front of the successive trades.  

 

In search of a high-paced continuous workflow, construction managers are often 

tempted to push new locations into production to create a pull flow (i.e., large surfaces 

of trade production) without necessarily understanding that it mainly increases WIP 

and production CT. 

2.6.2 Improving flow  

Given the high volatility of the emergent market in Japan, Ohnoôs first intention in 

developing what would later become lean strategies was to improve the efficiency of 

developing and delivering new models of cars at Toyota. While Henry Ford focused 

on the process and mainly the process, later called the flow-based strategy, Ohno 

decided to get a broader view of the value chain that would eventually lead to customer 

satisfaction; the value-based strategy was born (Howell, 1999).  

 

Ohno aimed to be able to adjust each car according to the customerôs needs. Bejder 

(2005) narrows this down and states that ñValue can only be defined for the critical 

customer and is only meaningful when expressed in connection with a specific 

productò.  
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The seminal concern in the lean approach was the analysis and understanding of flow. 

This led to an emphasis on value and, soon after, to the concept of waste, which should 

be eliminated. Shingo (1988) identifies two types of flow:  

ñProcess refers to the flow of products from one worker to another; that is, 

the stages through which raw materials gradually move to become finished 

products. Operation refers to the discrete stage at which a worker may work 

on different products; i.e., a human temporal and spatial flow that 

consistently centres on the workerò 

In the construction industry, flow-based theories can either emerge from the analysis 

and transfer of conceptual and theoretical theories from other industries (e.g. Hopp & 

Spearman, 1996; Womack et al., 1991) or when the particularity of its environment, 

as described in 2.4.1, are such that there is a need to for the industry to develop its own 

theories (for example, Koskela, 2000; OôBrien et al., 2002). 

 

Many studies that address production management in construction are based on the 

thinking developed in Womack and Jonesô Lean Thinking which is based on the TPS. 

Continuous flow is the underlying goal that all these studies aim at, which can be 

reached by: 

 

ñproducing and moving one item at a time, or a small and consistent bath 

of items, through a series of processing steps as continuously as possible, 

with each step making just what is requested by the next stepò (LEI 2003, p. 

9). 

 

For Hopp and Spearman (2008), the issue arises from that where variability in a 

manufacturing production setting come from two sources: (1) the time for a given task 

to be executed at a workstation, and (2) the arrival rate of the tasks at a workstation. 

Various types of variability, including those mentioned by Hopp and Spearman, 

impact task workflow in the construction industry and impose a challenge to project 
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teams in managing workflows, especially during the design stage, which comprises 

iterative processes fluctuating between the ownerôs value proposition and various 

design alternatives (Ballard 2000b; Ballard, 2002). 

 

Through increasingly more literature, the differences in the process approach and 

environments, as well as the similarities of the lean approach in construction and in 

the manufacturing industries, are better apprehended. However, Koskela, (1992) 

warning in his analysis of the construction production systems that these systems are 

anything but smooth and continuous still stands. Koskela argued that the waste and 

sub-optimal uses of resources in the construction industry are responsible for many 

interruptions in the construction flow. 

 

Lillrank (1995) later identified that translating the concepts and tools from the 

manufacturing to the construction industry requires great efforts of generalisation. 

Lillrank went to say that adapting and importing the concept of continuous flow to the 

construction industry involved a great challenge.  

 

For Shingo (1988), the analysis of a system of production requires that the system of 

production in the manufacturing industry is structured on two pillars: process and 

operations, which should be treated differently.  

 

 ñProcess analysis examines the flow of material or product; operations 

analysis examines the work performed on products by worker and 

machine.ò  

 

The view of the construction industryôs operation as a flow is a key concept originated 

and developed in the lean construction community. Ballard and Howell (1999) and 

Koskela (2000) proposed that a construction site was the physical expression of three 

types of flow: material flow, location flow and assembly flow. They contrasted these 

three types of flow with the two types of flow that can be observed in a manufacturing 
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factory: material flow and assembly flow. Koskela (2000) developed the three types 

of flow from the construction industry and proposed three models of production:  

ñProduction is a transformation of production factors into the productò 

ñproduction is a flow of material through the production systemò 

ñproduction is value generation, fulfilling the customers» needs and 

wishesò 

2.6.3 Theory of constraints 

According to the theory of constraints (Goldratt, 1990), overall manufacturing system 

throughput is strongly dependent on bottleneck scheduling and the bottleneck 

production rate. Goldratt (1997) proposed the drum-buffer-rope scheduling technique 

for entire job shop scheduling. The overall duration of a project is directly dependent 

on the set of tasks that comprise the critical chain, considering both resource and 

precedence dependencies.  

 

Once the critical chain activities (bottlenecks) are identified and duly scheduled, non-

bottleneck tasks can be planned backwards and forwards, depending on the limited 

capacity or productivity of the bottleneck. 

 

According to Brodetskaia (2007), production processes in construction have a floating 

bottleneck. At any stage of project progress, any trade that slows down its production 

rate or lingers at any location may become a flow bottleneck. Therefore, under the 

bottleneck scheduling approach, effective stabilisation of construction flow depends 

on the ability of the works manager to identify or predict which activity is the 

bottleneck in the process at any time and to schedule or manage it properly to ensure 

continuous workflow. 

2.6.4 Takt time planning 

Takt is a German word that originates from the music world. It can be translated and 

simplified as rhythm. In an industrial world, this notion has been used to indicate the 
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division of the work sequence, timed per shift, that is allotted for a single available 

piece of work based on customer demand, at a precise rate per shift (Rother & Shook, 

1998). Liker (2004) later proposed a simplified definition:  

ñThe rate at which the customer demands the product and, hence, dictates 

the rate at which production should take place to meet those demands 

exactly on time without generating unnecessary inventory.ò  

Licker (2004) claims takt is the heartbeat of one-piece flow. Designing and addressing 

a production line with the application of takt eases meeting the customer demand as 

each piece flow can be seen separately (Liker 2004). Translated into the construction 

industry, takt time can be seen as the overall progress rate that should dictate the work's 

pace. Each activity should have the same allotted time, tracked to move at the same 

pace and reduce, or virtually erase, any variability for constant demand.  

 

For Kenley et al. (2009), the impact in the construction industry would be a decrease 

in the overall duration of the site and, consequently, a decrease in the costs of the 

project. However, in the real world, given the heterogeneity of the activities, 

contractors and environments (or situations), the application of takt time requires that 

production rates are balanced between one activity to the next so that products do not 

accumulate on site or that there is no discontinuity in the flow of work (Hopp & 

Spearman, 2008). 

 

The concept of takt when applied to construction has not yet been widely investigated.  

It was first presented at IGLC conferences on production system design using takt 

time. Frandson et al. (2013) proposed a refined definition of takt time:  

 

ñThe maximum number of days allowed to complete work at each location.ò 
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Takt time-based planning, or takt planning, has been tested on a daily application on 

the Sutter Health Womenôs and Childrenôs Center (WCC) construction site. The study 

by Linnik et al. (2013) presented a very encouraging result: the project was completed 

in half the forecasted time. In their case study, Evinger et al. (2013) compared the 

productivity of a traditional as soon as possible approach and a location-based 

management system that could be assimilated with a takt-based approach.  

 

The study, which was conducted in the same building with the same crew, reported 

18% improvement in the productivity and 10% in the production rates in favour of the 

application of takt planning.  

2.7 Lean Construction research on SMEs 

While Sections (2.3), Pull system and production flow stability, through to (2.6) 

Linking manufacturing and construction flows, presented the rise of production flow 

theories in the context of the manufacturing and construction industries, Section (2.7), 

Lean Construction research on SMEs, narrows the literature review to address the 

context of SMEs in the construction industry, which are in the centre of the approach 

developed in the research undertaken in the context of this thesis. Section (2.7) closes 

the literature review.  

2.7.1 Originality of the research: the context of SMEs in the lean construction 

research is largely under investigated 

In 2017, Tezel pointed out that even if SMEs often constitute the largest group in 

construction supply chains, discussions have rarely focused on the application of lean 

construction in the context of construction sites they operate. Sector-level analyses are 

even scarcer. Tezel (2017) claims that for an extended dissemination and deployment 

of lean construction across the construction supply chains in different sectors, it is 

essential to gain a better understanding of the issue from the SMEsô point of view.  

 

Tezel et al. (2019) made a systematic literature review on the research on applying 
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lean construction and BIM in SMEs in construction. They found that the current 

discussion on the adoption of lean construction from the SMEsô perspective is very 

limited. They showed how the number of publications was stable year after year and 

that there was no signiýcant difference between the UK, Swedish, Italian, American, 

and Brazilian institutions in terms of research output. It should be remembered that 

the IGLC annual conference and the Lean Construction Instituteôs Lean Construction 

Journal are together responsible for half of the publications. Tezel et al. (2019) recalled 

that, although there were no barriers to entry for the larger research community, such 

an implicit, closed community feeling in the LC research scene had been subject to 

criticism before (Green 1999; Green et al. 2005; Jørgensen and Emmitt 2008). More 

diversity in the publication media is deemed useful for further dissemination of this 

research focus.  

 

It is to be noted that at the start of this research in 2011, not a single paper had been 

issued in francophone papers on the application of lean in the SME world and that, 

nine years later, little more has been published in French. The dissemination of lean 

construction in the French-speaking countries (mainly in France, Luxembourg, 

Belgium, Switzerland and Mauritius) has been pioneered by the promotion of 

specialised consultants who have made certain tools and approaches available to 

SMEs. Of course, the bias of a consultant should be considered here and will be 

discussed in Chapter 3.3.1.3. 

 

It should also be highlighted that, although some client-driven contractual LC 

obligations imposed on construction supply chains do exist (e.g., highway supply 

chains in the UK) (Tezel et al. 2018), currently, there are no government-driven 

mandates and no large-scale support groups targeting speciýcally SMEs for LC 

implementations like the BIM implementation scene in the UK (Tezel et al. 2019). 

Some other initiatives exist in lean construction supported by clients in French-

speaking countries but most of them are driven by consultancies on very large-scale 

construction sites made by very large companies/international groups. These include 

the European Parliament Office in Luxembourg (450,000 sqm, ú500 million works 

turnover), the Pullman Hotel and shopping centre, Montparnasse in Paris (150,000 
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sqm, ú200 million works turnover), and the Olympics real housing project in Paris 

(200,000 sqm, ú150 million works turnover).  

It is to be noted that in most of these large construction sites, a BIM approach either 

was promoted or adopted well before the lean construction approach was brought to 

anyoneôs attention. In brief, neither the clients nor the SMEs seem to be mature enough 

regarding lean construction to adopt the approach and generalise it, as has happened 

with BIM. 

Alves et al. (2012) argue in favour of self-promotion of the lean construction 

community based on successful case studies that can reflect the benefits that all the 

stakeholders can get from such an approach at various stages of the project, whatever 

the size of the contractor(s). For Alves, it can be useful to promote lean construction 

for SMEs at the sectoral or national level but it is also down to the LC community to 

create this attention by demonstrating business cases and activating diffusion 

mechanisms.   

With fewer than five papers yearly (two-thirds published in conference papers and 

one-third published in journals), the SME and Lean topic seems largely under-

represented in the research bibliography (Tables from Tezel, 2019). 
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Figure 2.7.1-1   ñSME and Leanò topic largely underrepresented in the research bibliography (tables from Tezel, 2019) 
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The researcher then investigated the papers presented in Tezel (2019) in search for 

previous research on the concept of stability in the context of SME as developed within 

the present research. It was found that none treated the concept of stability. 

 

 

 

It was also found that despite that some academic articles such as Björnfot (2007), 

Sachs et al (2009), Mota et al (2013), Sousa et al (2020) relate to the concept of 

stability, none of them either address this concept as works synchronization by SMEs.  
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2.7.2 Critique of the state of literature 

Tezel (2009) recognises that the vast majority of the literature, even if quite limited as 

shown above, involves demonstration of the implementation of lean construction 

techniques at SMEs through pilot implementations and case studies, focused on 

operational aspects of the approach. Green et al. (2005), Jørgensen and Emmitt (2008), 

Alves et al. (2012), Wandahl (2014) and Cano et al. (2015) have already pointed out 

the insufýcient theoretical exploration and the positive bias when the lean construction 

approach is addressed to SMEs. Most research focusses on organisational, 

procurement, training, and project governance issues to be addressed by lean 

construction tools within the context of academic research.. 

 

As a consequence of this state of the art, one could argue that the lack of scope in the 

research, the limited number of publications and the limited dissemination of the lean 

construction approach in SMEs, has narrowed the research focus and negatively 

affected the access of SMEs to lean construction research. 

 

In conclusion, although lean construction has gained credence in large companies and 

large projects, this is far from the case with SMEs. Lean construction research and 

project cases have been mainly iconic and beyond the reach of the vast majority of the  

regular construction industry: the SMEs. This situation will most certainly change as 

important stakeholders and/or clients impose lean approaches in their operations. 

Then, the issue of training will emerge, something which is not considered here. Tezel 

(2017, 2019) advocates that a more critical and SME-focused research area is now 

required. This thesis, fully centred on applying lean construction approaches to SMEs, 

seeks to fill this gap.  
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3 Research methodology 

Given the context of the research, which is mainly based on human factors, the choice 

for a research methodology has not been a straight path. This chapter helps the reader 

understand how the methodology of the research has been chosen and then developed 

and adapted, and how data were collected on the three blocks of real estate 

development over a 4-year period.  

 

The concepts of action research and design science that are the two main relevant 

approaches in the context of this research are first presented and detailed. After having 

discussed and compared the two, they are linked with the case study approach that has 

proved to be appropriate here.  

 

o The first section (3.1), Introduction, introduces the chapter as covering the 

research methodology and provides the general frame of the research. 

o Section (3.2), The choice of research method, presents the choices for the 

research method (action research and design science research), then Section 

(3.3), Recent research into the search for consensus, reports on the recent 

literature in a search for a consensus in those two approaches.  

o Section (3.4), Conclusion, presents the findings and, based on these, Section 

(3.5), Justification for the choice of research method, justifies the choice of the 

research method.  

o Section (3.6), Proposed method: multiple-case study from design science 

research, introduces how the method has been applied in the context of this 

research and (3.7), Data collection, describes how the data were collected for 

the thesis.  

 

Chapter (4), Research processes, then develops the process based on the research 

method developed here. 
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3.1 Introduction  

This section introduces the research methodology used in this research. The following 

sections of this chapter develop the path that the researcher has followed, how the data 

were collected and why  this research process was chosen. 

 

According to Kerlinger (1973):   

ñThe basic purpose of scientific research is to produce a theory (i.e. to 

understand and explain phenomena). Theory relates to a set of interrelated 

constructs (concepts), definitions, and propositions that present a 

systematic view of phenomena specifying relations among variables, with 

the purpose of explaining and predicting the phenomena.ò 

Kerlinger (1977)  goes on to say that:  

ña scientific study is systematic, controlled, empirical, and critical 

investigation of hypothetical propositions about the presumed relations 

among natural phenomena.ò A hypothesis is a òconjectural statement, a 

tentative proposition, about the relation between two or more phenomena 

or variables.ò In other words, in the academic world, a hypothesis should 

be understood as A propositional form, almost Boolean: ñif, then, elseò that 

helps structure and provide predictions for future research. 

Buckley et al. (1975) insisted on the importance of meeting certain criteria to conduct 

quality research:  

o an orderly investigation of a defined problem 

o the use of appropriate scientific methods 

o adequate and representative evidence 

o logical reasoning, uncoloured by bias, employed to draw conclusions  

o a demonstration of the validity or reasonableness of the conclusions 

o the generation of general principles or laws that may be applied with 

confidence under similar conditions in the future, yielded from the cumulative 

results  
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While the aim of the research and the scientific discipline can orient the choice of an 

appropriate research method, finding it remains a long, though key, journey for any 

researcher. For Remenyi et al. (1998), the two main drivers should be the topic to be 

researched and the specific research question. Van Aken (2004) proposed three 

scientific disciplines and corresponding missions: 

 

o The formal sciences, such as philosophy and mathematics, aims at building 

systems in their own eco-system that can be tested internally and in the 

theoretical field. Theories play a central role in the approaches developed in 

the formal sciences, that, one could say, auto-generate and auto-feed new 

theories in a single, closed environment. 

o The explanatory sciences, such as the natural sciences and the major chapters 

of the social sciences, aims at explaining the world as we see it. Observation, 

description, explanation, and prediction are fundamental steps of the 

explanatory sciences. Following these steps should lead the researcher to true 

propositions that, on the basis of the evidence provided and on the rigour of the 

analysis, can be accepted as true by the scientific community. Explanatory 

science is sometimes regarded as  soft science as opposed to formal science, 

which are considered  to be hard science. 

o Design sciences include the engineering sciences, medical sciences and 

modern psychotherapy. Design science may be seen as a soft science with a 

hard core or as a hard science with a soft core. Design science aims to develop 

solutions to be tested through the reaction of artefacts. An artefact is a problem 

(or a constraint) that has been identified in the practical world that needs more 

than intuition and make do to be solved, captured and integrated into the body 

of knowledge, and then disseminated. 

 

A large proportion of the research conducted so far in the field of lean construction 

has addressed large sites made by very large contractors and with a design supported 

by BIM. In the US, Sutter Health (private healthcare operator) and DPR (general 

contractor) were pioneers in the use of lean management in the Camino Medical 

Centre project in 2003, a process further developed in the Castro Valley project. As 
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noted by Dave et al. (2013), in the UK, the Heathrow Terminal 5 project, Network 

Railôs Borough Viaduct project and the Highways Agencyôs Bidston Moss (Costain) 

and M4/M5 Automation (Balfour Beatty) projects are other large-scale construction 

projects which made use of lean construction principles. Laing OôRourke (UK), 

Morgan and Sindall (UK), Skanska (Finland and UK), and BAM Nuttall (UK) are 

notable construction companies that have already at least experimented or integrated 

lean principles. Examples of small or medium projects conducted according to lean 

construction principles by SMEs remain limited, however.  

 

The scope of the research has been narrowed to address a gap in the body of 

knowledge: understanding the effects of the application of flow-based management 

systems on medium-size sites (ú2ī50 million work turnover) made by medium-sized 

companies (20ï200 employees), which represents most of the construction sites in 

Europe.  

 

Finding, justifying, testing, developing, implementing, and closing research 

methodology is a key sequence in the doctoral research process. The researcher should 

take care of and account for the entire process of a doctoral path: from understanding 

the grounding concepts and theories to proposing the development of new solutions 

through data collection and analysis of the problems investigated. Research 

methodology focusses on grounding the sequences of the research in the problem that 

will be investigated. Thus, although a range of research methodologies coexist in the 

academic world, only a few will fit any researcherôs project. Wedawatta (2013) 

claimed that the researcher should pay special attention when identifying the research 

methodology that best suits the selected topic, the problem, the environment and the 

category of science to be addressed for at least two reasons: to achieve the objective 

of the research and develop new knowledge and, perhaps most importantly, to 

establish the credibility of the work.  

 

As developed in the following chapter, this thesis has been built on the development 

of a hybrid approach, the combination of design science and action research. 

Subsection (3.2.1), The action research approach (differentiated from consultancy), 
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explains the action research and (3.2.2), Design science research, design science. 

Section (3.4), Justification for the choice of research method, presents a justification 

for their application in the present research context and (3.6), Proposed method: 

multiple-case study from design science research,  describes the mixed research 

methodology. 

3.2 The choice of research method 

3.2.1 The action research approach (differentiated from consultancy) 

ñAction research is a method of learning from changing one parameter or more in a 

structured learning process from the real world.ò  

ñAction research aims to contribute both to the practical concerns of people 

in an immediately problematic situation and to the goals of social science 

by collaboration within a mutually acceptable ethical framework.ò 

(Rapoport, 1970).  

Blum (1955) saw action research as a two-stage approach. First the researcher should 

conduct a diagnostic that involves a collaborative analysis of the social situation that 

leads to the formulation of hypotheses based on the nature of the research domain.  

 

The second stage is to care: collaborative experiments are conducted by introducing 

changes and the effects are studied. The concept of scientific rigour was introduced by 

Susman and Evered (1978), who detailed a five-phase cyclical process for science.  

ñThe approach first requires the establishment of a client-system 

infrastructure or research environment. Then, five identifiable phases are 

iterated: (1) diagnosing, (2) action planning, (3) action-taking, (4) 

evaluating and (5) specifying learning. The figure below is a diagram of this 

action research structural cycle.ò Evered (1978)  
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Figure 3.2.1-1      Adapted from Coghlan and  Brannick (2001, p. 19). 

 

As recalled by Lungo (2003), the client-system infrastructure is the specification and 

agreement that constitutes the research environment. Baskerville (1997) argues that 

the undertaking is a collaborative act in essence, which is a key aspect of the 

infrastructure.  

 

The researchers work within the environment and eco-system of the practitioners, 

within the client-system. The practitioners know best their environment and the 

subject to be studied within the knowledge system. They have a deep knowledge of 

the insight that is necessary to investigate the issues that should be addressed as part 

of the study. To clarify, Baskerville (1997) advocates that the practitioners can be 

considered:  

ñas part of a set of actors who are oriented to the solution of practical 

problems, who are essentially organisational scientists rather than 

academic scientists.ò  
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In the case of the research, the client-system infrastructure is given, and the boundaries 

of the actions that can be conducted are determined by the contract that links the Client 

and the company. The contract and the scope of actions were jointly decided upon 

with the Client, and the plan was to work on three development blocks consecutively 

and to build iterative knowledge and experience, exploring further improvement 

opportunities at each stage. Hence, Block 1 would be used to initiate a lean culture 

supported by fundamental tools such as LPS and 5S (the two first Ss: seiri and seiton). 

Block 2 would present an opportunity to capitalise on the experience and knowledge 

gained from Block 1 and to decrease tolerance in the respect of the fundamental tools 

(increase PPC) and secure the three first Ss from the 5S approach (i.e. seiri, seiton, and 

seiso). Block 3 would allow a consolidation of the good practices gained from the first 

two blocks and initiation of the integrated project delivery (collaborative design).  

 

Given the time allocated to the research (three years), the research made on each of 

the three blocks would itself be made up of successive action research cycles. The 

research, therefore, comprises three distinct action projects within which cycles would 

be undertaken.  

 

One difficulty in this situation was the external position of the Author of the thesis, 

not as a researcher but as a consultant. Consultancy is commonly viewed as a 

temporary activity, one which brings external expertise, objective analysis, specialist 

knowledge, or the benefits of cross-organisational experience while keeping a constant 

level of permanent employees (Steele 1975). A scholarly work made by a consultant 

is often seen as part of the regular organisational development process. Many 

management fields have adopted the support of these specialists to grow new expertise 

internally (Kubr 1986). Lippit and Lippit (1978) describe the process of organisational 

consultation as one of successive phases:  1) engagement, 2) analysis, 3) action, and 

4) disengagement.  

 

(1) A consultant is introduced into the organisation under a formal contractual 

agreement. The consultant is thus linked to the organisation in the search for the 

deliverable, which is the critical output.  
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(2) During the analysis phase, the consultant studies the organisational elements to 

identify problem areas and possible solutions, concluding with the presentation to 

the management of the organisation of a consultancy report. This report typically 

proposes various actions to be undertaken to bring concrete answers in the search 

for the deliverable.  

(3) The action phase is the concrete part of the consultancy, where the organisation 

undertakes actions. According to the roadmap and depending on the subjects that 

have been discussed by the management, the consultant implements the ad hoc 

actions, which mainly originate in his/her experience. 

(4) The disengagement phase is determined when either the deliverable is delivered, 

or the mission (temporally fixed) has come to an end.  

 

Bakersville (1997) argues that:  

ñconsultancy is a form of participative case study, but a case study in which 

the authors make no strong claims to being objective or uninvolved 

observers. Rather, the case describers very often have a pronounced and 

understandable bias in promoting their claims to having identified actions 

leading to successful outcomes.ò 

In essence, a consultant is not necessarily interested in maintaining strong academic 

rigour since the result (the delivery of which allows fees to be claimed) is of more 

importance than the path followed to attain it. A consultancy is managed like any 

profit-based company: Profit is generated by the difference between the price sold for 

the mission and the operational costs to deliver the mission. The price sold is most 

generally a lump sum (fixed). So, in order to maximise profits, a consultant must 

decrease operational costs, generate immediate biased results and be results-focused; 

this is mostly incompatible with academic rigour.  

 

Seashore (1976) first noticed and warned about the natural bias that can exist between 

being a researcher and being a consultant. Seahore (1976) points out that the rational 

link between action (consultancy) and research should be particularly investigated to 
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avoid the natural tendency of professionals to act as researchers. Eric Trist (1976) also 

pointed out that  

òthere is a great difference between simply acting as a consultant and acting as 

a researcher in a role where both professional and scientific responsibility are 

accepted. In the first case, there is no commitment to the advancement of scientific 

knowledge, either on the part of the consultant or on the part of those for whom 

the inquiry is being made. In the second case, this commitment is fundamental and 

must be explicitly accepted by both sides. It is this that makes the relationship 

collaborative.ò  

 

For Warmington (1980), it is a trap for those action researchers who want to gain credit 

to pretend to have found some definitive techniques or packaged methods and to be 

able to make their own recommendations to the organisation concerned. For 

Warmington (1980), a good position in the research act for those researchers is to stand 

as if they were fellow students, collaborators and investigators, in other words, of equal 

status with the other stakeholders of the research environment. This position would be 

best to avoid distorting the reality. In reality though, this may prove more difficult and 

ambiguous than this picture would suggest.  

As an answer to Trist (1976) and Warmington (1980), Gummesson (1988) proposed 

four factors of rigour that should be followed by either a consultant or by a researcher 

to avoid ambiguity and professional bias in the definition of the position of the 

scientist.  

For Gummesson (1988), researchers need to be more rigorous than consultants in the 

following aspects: 

(a) documentary records, 

(b) theoretical justifications in the action research process that is a cyclical process, 

(c) consultants require less rigorous (often undetailed) empirical justifications 

(d) clients often set the limit of the rigour (attached to the price paid for the time 

of the consultant),  

(e) the mission of a consultant is often linear: engage, analyse, act, disengage (from 

Lippit and Lippit 1978). 
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Baskerville (1997) summarised the key distinctions between consulting and action 

research as follows: 

 

 

Table 3.2.1-1 Key distinctions between consulting and action research 

 

From all the above, the consulting researcher (or researching consultant) should take 

extra care to focus on the research and treat the consultancy as secondary. The research 

conducted here should, hence, for the stake of scientific rigour, follow the academic 

rule while allowing the generation of some profit to ensure the consultancy is viability. 

The motivation is clearly based on the quest for scientific knowledge that is not 

incompatible with profit, profit generated through making a client happy by having 

improved operations and knowledge, not profit generated as a priority. The knowledge 

and experience gained in this regard is then shared with the academic world to be 

disseminated, a fundamental difference from a classic consultancy approach.  

 

I am, therefore, committed to both the academic and practical world, with the approach 

of the researcher based on collaboration with the Client, who is deeply involved in the 

research. The recommendations come mainly from the theoretical framework, 

although some empirical experience has helped in choosing the actions to be tested. 

The explanations of the findings are constructed within the action research framework, 

and their validity and possible generalisation will be assessed by the scientific 
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community. It is most probable that more research on the topic will be necessary, 

capitalising on the learning gained in this case, before dissemination.  

 

From the above, it is clear that, although the researcher is a consultant and that the 

Client first contracted me as such, changing into a researcher was necessary to 

guarantee the academic rigour and scientific validity of the findings. From the above, 

it also appears that one can be a researcher and a consultant, although a consultant 

cannot necessarily be a researcher.  

3.2.2 Design science research  

Brady (2014) states that research based on design science is largely described as 

research applied to the development of innovations that solves existing practical 

problems and makes contributions to a body of knowledge. Lukka (2003) advocates 

that when the research aims at the production of innovative constructions, a research 

approach by design science is appropriate; especially if the intent is to bring concrete 

solutions to solve problems that practitioners face in the real world and seek to expand 

the body of knowledge and theories of the discipline under investigation. With the 

growth of human science and sociology, March and Smith (1995) describe the main 

purpose of design science as a way to address problems created by humans and find 

solutions that will help them. March & Smith, (1995) divided the outcomes of design 

science into four categories: constructs or concepts, models, methods and 

instantiations. The relationships between each  are defined below (March & Smith, 

1995). 

3.2.2.1 Construct or concept 

A construct is an idea or theory, typically one considered to be subjective and not 

based on empirical evidence, comprising various conceptual elements (Wood, 1986). 

 

Given the singularity of the environment of the research (each design science process 

operates in a dedicated zone), it is necessary to define a construct (or a concept) that 

defines and sets the vocabulary for the observed domain. The construct will help in 
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conceptualising and describing the issues to be addressed in the domain and anticipate 

the solutions to be developed. As proposed by Hull & King (1987), constructs can vary 

in forms and formats, from the most formalised as in semantic data modelling (entities, 

attributes, relationships, identifiers, and constraints) to the most informal forms, as in 

cooperative work. In brief, the environment (technicity, complexity, pluralisms, etc.) 

will define the level of formalism required for the research. Of course, a construct can 

be seen at a micro-level (individual, small group) to a macro-level (an organisation as 

a whole or society) and interdependencies between constructs should be identified 

(Smith, 1995). 

3.2.2.2 Model 

The formal interdependencies between constructs constitute a model expressed in the 

form of a set of propositions or statements that can be either descriptive (a 

representation of how things are) or prescriptive (a statement of how things should 

be). Formalising the model will help the researcher to map the construct and better 

understand the environment of the research field, should the researcher have only a 

limited knowledge or understanding of the domain. Modelling can then be very 

limited, leaving more room for intuition, which can later be justified in the light of the 

results as part of the iterative process that is inherent in design science. 

3.2.2.3 Method 

The model provides a representation of the space in which stands the problem and, 

perhaps, the solution, and the constructs of a language. Both the model and the 

constructs together form the base on which the method can be drawn. March & Smith, 

(1995) define a method as a set of steps that can be highly formalised (e.g., an 

algorithm or guideline) and which are used to perform a given task. A model can 

indicate a method as inputs can be taken from the steps of the model. Solving a 

problem in a different environment can then ask the researcher to provide a broader 

view of the problem and use methods to convert one model to another by retaining the 

original method. 
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3.2.2.4 Instantiation 

Instantiating means realising an artefact in its environment where the methods are 

operationalised. Vaishnavi and Kuechler (2007) developed the concept of instantiation 

and argued that design science supports better theorisation in two ways.  

 

First, design science can address a problem that may affect many people and 

communities in different environments. Developing a piece of design science research 

(DSR) may provide theorising for many communities, and it can offer experimental 

proof of method by essence, or even an experimental exploration of a method that is 

being developed as the research is continuing (as part of the iterative process).  

 

Second, defining (refining, understanding, formalising, conceptualising, detailing) the 

artefact can be an output of instantiation by an exploration into the relationships 

between its elements. This can be achieved by better explaining the elements of the 

artefact and making them more visible. The refined artefact can then be used to 

question previously theorised relationships (Vaishnavi & Kuechler, 2007).  

Van Aken (2004, p. 228) describes the outcome of design science  as a technological 

rule: òa chunk of general knowledgeò which emphasises the importance of the 

outcome in the design research process as a desired outcome or performance in a 

certain field of application that can be found from an intervention or by an artefact. 

 

Lukka (2003) explained the design science approach and restated its core features. For 

Lukka (2003), a design science approach should: 

 

¶ focus on a real-world issue that can be either expressed or shared by the 

practitioners or identified by the research itself as part of the iterative process 

¶ provide innovative solutions that should (at least partly) solve the initial 

practitionerôs real-world problems 

¶ test the developed solution and validated its practical applicability 

¶ create a research environment that encourages close involvement and co-

operation between the researcher and practitioners as key to developing the 
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conditions of experiential learning that will later lead to the construction of 

the artefact 

¶ ensure the link with prior theoretical knowledge that should explicitly appear 

in the research method to ground legitimacy for the creation of new 

knowledge of the application in the field observed 

¶ Practise close research by linking the empirical findings within the 

concomitant theories as a way of providing areas for further research 

 

Hence, a DSR approach is both experimental and iterative by nature. The aim is to 

develop and implement new artefacts (solutions to a given problem) that should be 

regarded as a test instrument in an attempt to illustrate, test or refine a theory, or 

develop an entirely new one (Lukka, 2003).  

While much scientific research starts with theories and tests them in practice (or in 

modelling the reality), DSR engages reality the other way around. Lukka (2003) recalls 

that DSR originates from a more pragmatic philosophy of science, one that advocates 

that by a profound analysis of what works (or does not work) in practice, one can make 

a significant contribution to theory. 

 

Henver et al. (2004) described design science as a rigorous process of: 

o designing artefacts to solve observed problems,  

o making research contributions,  

o evaluating designs and, 

o communicating the results to appropriate audiences.  

 

For Venable (2006), DSR is a rigorous inventive problem-solving process that focusses 

on developing and producing artefacts and artificial systems with desired properties 

that will then be further implemented, tested and refined to bring new artefacts to the 

practical world and extract new theories, thus feeding the body of knowledge. Kasanen 

et al. (1993) and Peffers et al. (2007) highlight that DRS has been widely used in the 

technical sciences such as mathematics, engineering and clinical medicine, but that it 

has also been tested in softer sciences and has become an important activity in fields 

like architecture, engineering and urban planning.  
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Brady (2014) points out that the construction industry started to use DSR as a research 

method, construction being directly linked with people. While in other industries, most 

processes involve machinery (and, therefore, can be easily copied), the construction 

industry processes still rely a lot on human interventions (and, thus, bias). Barker et 

al. (2004) were the first to test the application of DSR in the construction industry; 

they proposed a model of time compression for construction projects. Da Rocha (2011) 

later developed a framework for customisation strategies for the housing industry, and 

then Rooke (2012) proposed guidelines to improve wayfinding in hospital 

environments. Another example is the research carried out by Oyegoke (2011) on the 

development of a specialised task-organisation procurement approach.  

 

To conclude, as Van Haken (2004) states, it is important to understand and keep in 

mind that, contrary to more traditional research processes, the research in design 

science aims to produce and apply knowledge of tasks or situations to create effective 

artefacts in the form of new applied solutions rather than produce general theoretical 

knowledge. 

3.2.3 Design science steps 

The main issue in DSR concerns the ability of the researcher to build the above 

concepts, models, methods and instantiations at an academic level, or in a format that 

is innovative and valuable enough to be recognised by a scientific community, who 

are used to more traditional approaches and justifications.  

 

March and Smith (1995) proposed a new way of conducting research in the form of 

combining the real world and the academic world, with the former providing concrete 

issues that the latter would address and propose artefacts for. From this, design science 

was born. Design science is oriented to create things that serve human purposes, which 

is also called the building phase; the performance of the solutions created should then 

be tested and validated back in the real world. This phase is called the evaluating 

phase.  
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ò Building is the process of constructing an artefact for a specific purpose; 

evaluation is the process of determining how well the artefact performs.ò 

March and Smith (1995) 

 

Peffers et al. (2006) proposed the figure below, providing a research process model 

for DSR. This DSR process model presents the iterations loops:  

(1) problem identification and motivation,  

(2) the objectives of a solution,  

(3) design and development,  

(4) demonstration,  

(5) evaluation and  

(6) communication. 

 

 

Figure 3.2.3-1      Design science research process model (Peffers et al., 2006:93)  



115 / 412 

 

3.2.3.1 Step 1: Problem identification and motivation 

This first step aims to define the research problem and validate the significance of the 

proposed solution. In this way, the readers will better understand the origin, the 

context, and the reasoning of the researcher in seeking a solution to the proposed 

problem. Peffers et al. (2007) argue that, in the development of effective artefacts, two 

important aspects of the design science approach must be particularly developed and 

justified: defining the problem and justifying the value of the solution. The links 

between the problem, its justification, its value and context help to capture the 

complexity of the problem and build a justification for the value of the solution. 

Identifying the problem is a critical step in understanding what the problem is and, 

therefore, being able to affirm the value of the solution for it.  

 

The solution will  then have to be accepted by the audience of the research. The 

researcher assesses, validates, and justifies the value of the solution that will help the 

solution and the results to be accepted and explain the reasoning associated with the 

researcherôs understanding of the problem (Peffers et al. 2007). 

 

3.2.3.2 Step 2: Objectives of a solution 

For Peffers et al. (2007), once the problem has clearly been identified and motivated, 

the objectives of a solution can be developed, arising from the problem definition and 

from the knowledge of what is possible and feasible. The approach can be either 

quantitative and/or qualitative when addressing the objective. When the literature 

review shows one solution can be considered better than the others currently presented 

in the body of knowledge, the quantitative approach is appropriate. The qualitative 

approach develops how a new artefact is expected to support solutions to problems 

that have not yet been addressed in the literature. Then, from the problem specification, 

the researcher sets the objectives and the resources required to achieve them. The 

research will further develop what the problem is, as well as what current resolutions 

have already been developed and validated for the problem, along with their efficacy. 
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3.2.3.3 Step 3: Design development 

Step 3 is devoted to developing the artefactôs (i.e. the conceptôs, modelôs, methodôs, 

or instantiationôs) functionality, design and architecture before creating it for the 

practical component of the study. Theories surrounding the research problem should 

be well known at this point so the researcher can design a valuable solution based on 

accepted wisdom. The link between the objectives and design development is made 

through different investigations regarding the knowledge of theory and its 

applicability to the current problem in the search for a solution (Peffers et al. 2007). 

3.2.3.4 Step 4: Demonstration 

In Step 4, experimentation, simulation, case studies or other appropriate activities may 

be conducted to demonstrate that the solution developed as a concrete answer to the 

problem is appropriate and complements the body of knowledge concerning the 

application of the artefact and the possibility for future researchers to continue growing 

the knowledge. The researcher demonstrates how effectively the created artefact 

addresses the research problem.  

 

3.2.3.5 Step 5: Evaluation 

For Peffers et al., (2007), the evaluation step assesses the efficiency of the solution to 

the research problem by observing and measuring its impact in the real world. The 

evaluation is conducted by the difference between the quantitative objectives and the 

situation (results) as observed after the use of the solution (artefact). Evaluation can 

take various forms: surveys, user feedback and satisfaction questionnaires, assessment 

of whether the objectives have been met by the application of the artefact as an answer 

to the objectives, or the measure of quantitative indicators to assess the performance 

of the system, such as response time or availability.  

 

Another iteration of the DSR cycle may prove necessary from the analysis of the 

results of the evaluation phase to solve the identified research problem. Of course, in 
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this evaluation of the artefact phase, the researcher needs knowledge of relevant 

metrics and analysis techniques that can be complemented and/or confronted by 

ground experience to consolidate or expend the evaluation. 

3.2.3.6 Step 6: Communication 

The final step closes the cycle when it has been confirmed from the above that the 

artefact solved the research problem. The researcher can then communicate on the 

relevance (utility and novelty) of the artefact, advocate the rigour of its design, and 

communicate on the effectiveness of the findings. Diverse audiences may find interest 

such as researchers in sake of growing future knowledge and professionals in search 

for applicable solutions to concrete problems they face (Peffers el al., 2007). Research 

papers commonly achieve this final step, as do lectures or conferences, sharing new 

knowledge with both the academic and professional worlds.  

 

Ultimately, the research problem and its significance are exposed, and the artefact 

(innovativeness, effectiveness, design objectivity and usefulness) is made available to 

be challenged, criticised and, if possible, further developed by the research 

community.  

 

Diverse audiences may find interest such as researchers in sake of growing future 

knowledge and professionals in search for applicable solutions to concrete problems 

they face (Peffers el al., 2007). 

3.2.4 The case study approach 

For Stake (1998), while it is tempting to consider the methods of investigation a crucial 

aspect of the research in case study research, is the case in question:  

òAs a form of research, a case study is defined by interest in individual 

cases, not by the methods of inquiry used.ò  
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On the other hand, for some other researchers (e.g., Robert Yin (1994)), the method 

and the techniques that constitute the case study are of most importance. Yin (2003b) 

later refined his view of a case study as: 

òan empirical inquiry that investigates a contemporary phenomenon within 

its real-life context, especially when the boundaries between phenomenon 

and context are not clearly evident.ò  

Johanson (2003) completes Jinôs view by restating that, unlike many research fields, 

in a case study several approaches are combined in pursuit of analysing the problem, 

investigating different facets and observing from different angles.  Johanson (2003) 

sought to summarise the case study approach by a triangulation effort that combined 

several methodologies, some of which even being antagonistic. 

3.2.4.1 Determining the study strategy 

 Architectural Research Methods 

(Groat & Wang, 2002) describes how 

research can be conducted in the field 

of architecture and the relationship 

between different strategies. They 

illustrated the similarities in a 

diagram, presented here, where the 

closer the approaches are, the more 

similarities they share (see Fig. 3.2). 

Starting from the real world, an 

ñempirical world in full complexityò, 

they propose three directions to follow. 

cases 

 

The first method, if there are enough units of analysis or to allow a probabilistic 

approach, is reductive in that it would lead to correlational research.  

Figure 3.2.4-1         The empirical world in full complexity 

(Johansson, 2013). 
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The second method is relevant either when the researcher is left with only one or a 

small number of units of analysis or cases with few variables. In this latter case, the 

research would mainly be oriented toward experiment or quasi-experiment. The third 

method, explicative, is imposed when the researcher must cope with (too) many 

variables, making the case study approach appropriate. For Groat & Wang (2002), on 

the one hand, and although their timelines are different, both qualitative and 

interpretive research are based on a holistic approach to the research subject. On the 

other hand, despite the highly volatile level of quantitative data available to the 

researcher; qualitative and correlational research share the same focus on the analyse 

of the naturally occurring circumstances. When manipulating isolated variables (such 

as in simulation) is possible, the choice of an experimental approach is relevant. 

Johanson, (2003) supports the latter and argues that an interpretive-historical research 

approach is based on a structured logic of interpretation of the historical facts that is 

highly dependent on the level of data available. 

 

From the above, the case study approach seems perfectly adapted to the present 

research. The case would be the building construction, enabling in-depth observation 

and analysis over a long period of time (two to three years). Triangulation would be 

made possible by analysing each block from a different angle, based on experimental 

and simulation and correlational strategies. Experimentation is intrinsic to the field of 

research that is investigated here, and the correlational aspect would be fed by the 

three-block scope of the study and the simulation by the planning, namely the 

forecasted site organisation.  

 

Doing a case study allowed the documentation of an empirical investigation of a real-

world and actual issue that could be observed within the professional environment of 

the researcher. These investigations helped me to attain the objectives of the doctoral 

research and answer the research questions posed by the problematic of the thesis. 

Based on Wedawatta (2013), Brady (2014) claims the following: 

ña case study strategy will contribute to addressing the call for improved 

methodological pluralism in construction management research, enhancing 



120 / 412 

 

the understanding of the complex network of relationships pertinent to the 

industry and the phenomenon being studiedò 

 

Johansson (2014) further argues that a case study approach is particularly appropriate 

in practice-oriented fields of research, such as architecture and planning. 

 

Contrary to other fields where modelling and simulating is predominant, the 

construction-related field of research offers the possibility of impacting professional 

practice in real time, incrementally growing the knowledge by the construction of a 

repertoire of action-documented cases. Johanssonôs views support the argument in 

favour of a case study based on experimental strategy as the number of units in the 

cases was limited, and only a few variables were to be observed. 

3.2.4.2 Determining the type of case study 

Case studies have been categorised by Yin into three compartments: explanatory, 

exploratory and descriptive. In this categorisation, each category can be either single 

or holistic (i.e., involve multiple-case studies). Stake proposes three categories: 

intrinsic, instrumental and collective. Table 3.2.4-1 Definitions and published 

examples of kinds of case studies (Baxter 2008; Brady 2014).below presents 

definitions and published examples of these types of case studies (adapted from Baxter 

(2008) and Brady (2014)). 

 

Type Definition  Published Study 

Example 

Explanatory ñAnswering a question that sought to 
explain the presumed causal links in 
real-life interventions that are too 
complex for the survey or experimental 
strategies. In evaluative language, the 
explanations would link program 
implementation with program effectsò 
(Yin, 2003). 

Joia (2002). Analysing a 
web-based e-commerce 
learning community: A 
case study in Brazilò. 
Internet Research, 12, 
305ï317. 



121 / 412 

 

Type Definition  Published Study 

Example 

Exploratory  ñExploring those situations in which the 
intervention being evaluated has no 
clear single set of outcomesñ (Yin, 
2003). 

Lotzkar & Bottorff (2001). 
An observational study of 
the development of a 
nurse-patient relationship. 
Clinical Nursing 
Research, 10, 275ï294. 

Descriptive ñDescribing an intervention or 
phenomenon and the real-life context 
in which it occurredò (Yin, 2003). 

Tolson, Fleming, & 
Schartau (2002). Coping 
with menstruation: 
Understanding the needs 
of women with 
Parkinsonôs disease. 
Journal of Advanced 
Nursing, 40. 

Multiple -case 

studies 

ñExploring differences within and 
between cases. The goal is to replicate 
findings across cases. Because 
comparisons will be drawn, it is 
imperative that the cases are chosen 
carefully so that the researcher can 
predict similar results across cases, or 
predict contrasting results based on a 
theoryò (Yin, 2003). 

Campbell & Ahrens 
(1998). Innovative 
community services for 
rape victims: An 
application of multiple-
case study methodology. 
American Journal of 
Community Psychology, 
26, 537ï571. 

Intrinsic  ñStake (1995) uses the term intrinsic 
and suggests that researchers who 
have a genuine interest in the case 
should use this approach when the 
intent is to better understand the case. 
It was not undertaken here primarily 
because the case represents other 
cases or because it illustrates a 
particular trait or problem, but because 
in all its particularity and ordinariness, 
the case itself is of interest. The 
purpose is not to come to understand 
some abstract construct or generic 
phenomenon. The purpose is not to 
build theoryò (although that is an option; 
Stake, 1995). 

Hellström, Nolan, & 
Lundh (2005). òWe do 
things togetherò A case 
study of couplehood in 
dementia. Dementia, 4(1), 
7ï22. 
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Type Definition  Published Study 

Example 

Instrumental  ñThis type aims to accomplish 
something other than understanding a 
particular situation. It provides insight 
into an issue or helps to refine a theory. 
The case is of secondary interest; it 
plays a supportive role, facilitating our 
understanding of something else. The 
case is often looked at in depth, its 
contexts scrutinised, and its ordinary 
activities detailed because it helps the 
researcher pursue an external interest. 
The case may or may not be seen as 
typical of other casesò (Stake, 1995). 

Luck, Jackson, & Usher 
(2007). STAMP: 
Components of 
observable behaviour that 
indicate potential for 
patient violence in 
emergency departments. 
Journal of Advanced 
Nursing, 59, 11ï19. 

Collective ñCollective case studies are similar in 
nature and description to multiple case 
studiesò (Yin, 2003) 

Scheib (2003). Role 
stress in the professional 
life of the school music 
teacher: A collective case 
study. Journal of 
Research in Music 
Education, 51. 

Table 3.2.4-1 Definitions and published examples of kinds of case studies (Baxter 2008; Brady 2014). 

This research addressed real-life construction sites in which the researcher was 

professionally engaged and about which the researcher had a genuine interest in better 

understanding. The circumstances suggest that the appropriate type of case study 

would be intrinsic. However, if we consider that the case was comprised of three 

apartment blocks, that exploration of the differences within and between sub-cases 

(each apartment block) could be possible, and that replication of the findings across 

cases could be made, the appropriate type of approach would seem to be multiple case 

studies. In a multiple case study, one examines several cases to understand the 

similarities and differences between them. Yin (2003) describes how multiple-case 

studies can be used: a multiple-case study either (a) predicts similar results literal 

replication or (b) predicts contrasting results but for predictable reasons (theoretical 

replication). The types explanatory, exploratory, descriptive, instrumental, or 

collective do not seem appropriate here. 
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3.2.4.3 Generalising the findings 

Once the case has been understood, the question of generalisation of the findings must 

be addressed. Depending upon the findings, the generalisation would either be made 

by dissemination via audiences or by intrinsic relevance. The audiences themselves 

can validate and generalise the findings of the case (those selected within a 

representational sample strategy used in correlational research (Stake, 1995; Patton, 

1990)), or the generalisation can be intrinsically generated when a case is purposefully 

selected by virtue of being information-rich, critical, revelatory, unique, or extreme. 

 

The case observed here was purposefully selected, as the property blocks to be built 

were a typical property development of standard apartments in a European capital 

suburb made by classically selected SMEs with no particular technical or architectural 

idiosyncrasies. Generalisation is expected to be validated through the intrinsic 

characteristics of the selected case. Generalisation can then be built on the deductive 

principle (i.e., a hypothesis is formulated, and testable consequences are derived by 

deduction), through induction (i.e., theory-generation based on the data of the case), 

or by abduction (i.e., through particular cases). Ginzburg (1989) refers to these kinds 

of generalisation as occurring within the evidential paradigm.  

Table 3.2.4-2 Modes of generalization and reasoning within case study methodology (Johansson, 2012). 
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From table 3.2.4.2 in the previous page, two main generalisation approaches seem 

valid: deductive and inductive. The deductive approach has been considered 

appropriate since the research here aimed to test the applicability of the lean approach 

for the organisation (scheduling) of construction sites made by SMEs in mid-sized 

sites, and the inductive because the approach proposed to be tested is not yet a theory. 

In essence, the conclusion was unknown in the early stages of the research and, in a 

case study, the different modes of generalisation are often combined. Layder argues 

that theory-testing and theory-generating are combined in practice. He names this 

combined approach the adaptive theory approach. I shall retain the latter terminology, 

as it best fits the duality and complexity of the case study of the author of this thesis. 

3.2.5 Discussion between action research and design science research 

This chapter discusses the two mainstream approaches applicable to practically 

conducting the research in the context of the three-block site observed by the 

researcher. 

 

Interest from scholars in the field of action research and design science, two main 

approaches in information systems, has been growing in the academic world. Although 

Kock and Lau (2001), Baskerville and Myers (2004), and Kock (2006) have provided 

legitimacy to action research, March and Smith (1995), Hevner et al. (2004) and others 

have proposed articulations of design research in information systems, hence the 

development of another (yet complementary) research approach. While action 

research has been the research approach when dealing with observing, modifying and 

learning from concrete actions in practical circumstances through iterative steps, 

design science has also emerged. 

 

Action research and design research originate in different scientific traditions. Action 

research has mainly been pioneered in social science (Dewey (1938) and, later, Kurt 

Lewin (1947)). Design science, on the other hand, introduced the concept of sciences 

of the artificial, taken from engineering science (Simon 1996). Both traditions have 

found their way into the information systems discipline. Many authors have proposed 
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attempts to understand the relationships between action research and design science, 

such as Burstein and Gregor (1999), van Aken (2004), Cole et al. (2005), Andriessen 

(2007), Lee (2007), Järvinen (2007), Figueiredo and Cunha (2007), Baskerville et al. 

(2009), Iivari and Venable (2009), Sein et al. (2011), Papas et al. (2012), Wieringa and 

Morali (2012), Alturki et al. (2012) and, more recently, Goldkuhl (2013), who 

proposed using practice  as a lens for comparison and integration between action and 

design research. 

3.2.6 Comparing action research with design science research 

As Goldkuhl (2013) noted, it is interesting to note that action research and design 

science differ, and that even though some strong resemblances can be found (e.g. Cole 

et al., 2005; Järvinen, 2007), some researchers claim that the approaches are decisively 

dissimilar (Iivari & Venable 2009). Goldkuhl (2013) notes that others argue that the 

two research approaches have been integrated into a single, coherent approach (Lee 

2007; Baskerville et al. 2009; Sein et al. 2011; Wieringa & Morali, 2012). Cole et al. 

(2005) and Iivari and Venable (2009) have proposed paradigmatic comparisons 

between action research and design science, while Järvinen (2007) has based his 

comparison on process descriptions. 

 

Ivari and Venable (2009) have proposed a comparison between action research and  

DSR. They suggest there is more variety in paradigmatic assumptions in DSR than in 

action research and that, paradigmatically, action research can be considered a special 

case of DSR. They argue that, despite being unlike action research, DSR also builds 

new innovative artefacts, and that there is not necessarily any paradigmatic 

incommensurability between it and action research. Both appear to be mutually 

compatible. Further developments, based on Venable (2006) and Johnstone and 

Venable (2008), suggest that if the DSR activities of building an artefact and its 

evaluation are separate, a researcher can apply action research in the evaluation. Ivari 

and Venable (2009) propose the following table to classify action research and DSR:  
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Paradigmatic  

dimension 
Action Research 
 

Design Science Research 

Ontology Anti-realism Realism or anti-realism 

Epistemology Mainly anti-positivist 
Mainly positivist, but also 
anti-positivist, especially in 
evaluation 

Methodology Idiographic 
Constructive (building) 
Nomothetic (evaluation) 
Idiographic (evaluation) 

Ethics 
Means-end 

Possibly interpretive 
Unlikely critical 

Means-end 

Possibly interpretive  

Possibly critical 

Table 3.2.6-1 Summary of the paradigmatic assumptions of action research and DSR (adapted from Livari & 

Venable, 2009) 

3.2.6.1 Similarities 

Based on a conceptual analysis, Järvinen (2007) argues that action research and DSR 

are similar approaches. He compares the previous work on action research from 

Susman and Evered (1978) and Nunamaker et al. (1991), and the work on design 

research from March and Smith (1995) and van Aken (2004). Searching for shared 

characteristics, he found seven fundamental similarities. Goldkuhl (2013) has 

proposed a categorisation of the similarities based on Järvinen (2007): (a) striving for 

utility, (b) producing useful knowledge, (c) combining building or acting and 

evaluation, (d) collaborating between researchers and practitioners, (e) aiming for 

development and improvement, (f) intervening in a local practice and (g) creating 

knowledge and testing it during the process. 

 

The following table, adapted from Järvinen (2005), presents the similarities of the 

fundamental characteristics of action research and design science. 
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Action research Design science 

Action research emphasises the 
utility aspect of the future system 
from the peopleôs point of view. 

Design scienceôs products are 
assessed against the criteria of 
value or utility. 

Action research produces 
knowledge to guide practice in 
modification. 

Design science produces design 
knowledge (concepts, constructs, 
models and methods). 

Action research means both 
action-taking and action-
evaluating. 

Building and evaluation are the two 
main activities of design science. 

Action research is carried out in 
collaboration between action 
researcher and the client-system. 

DSR is initiated by those 
researchers interested in 
developing technological rules for a 
certain type of issue. 

Each case is primarily oriented at 
solving the local problem in close 
collaboration with the local people. 

Action research modifies a given 
reality or develops new systems. 

Design science solves construction 
problems (producing innovations) 
and improvement problems 
(improving the performance of 
existing entities). 

The researcher intervenes in the 
problem setting. 

 

DSR is initiated by those 
researchers interested in 
developing technological rules for a 
certain type of issue. Each 
individual case is primarily oriented 
to solving the local problem in close 
collaboration with the local people. 

Knowledge is generated, used, 
tested and modified in the course 
of the action research project. 

Knowledge is generated, used and 
evaluated through the building 
action. 

Table 3.2.6-2    Differences between AR & DSR (adapted from Livari & Venable (2009)  and  Raimo Hälinen 

(2012)) 
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After comparing the important characteristics (concepts and paths) of both action 

research and design science, there seem to be important overlaps and similarities in 

the two approaches. On this basis, Järvinen (2007) claims that action research and 

design science should be considered similar research approaches. 

3.2.6.2 Dissimilarities 

Unlike Järvinen, who conducted a conceptual analysis, Iivari and Venable (2009) 

conducted a paradigm analysis. Although they found some similarities, they argue that 

the similarities they found are superficial and that the two approaches are decisively 

dissimilar. Similarities and differences were found in their comparison, based on 

ontological, epistemological, methodological, and ethical assumptions.  

 

They claim that there are no similarities between action research and design research 

in the cases of an action research case made with no technical design or a design 

research case with purely technical problem-solving or a design research case without 

any local practice intervention (Goldkuhl, 2013). 

 

The aim of action research and design research can also diverge from study to study. 

While the major contribution of design research is to create new means for achieving 

some general (unsituated) goal and [while it] demands innovation and novel 

technology, action research seeks a general practical contribution and not for any local 

practice contribution linked to normal design practice.  

 

Iivari and Venable (2009) conclude by orienting the design science toward the field of 

cutting-edge technologies and action research toward the field of safe solutions based 

on robust technology (Goldkuhl, 2013). 

3.2.6.3 Combination of action and design science research approaches 

Burstein and Gregor (1999) have proposed an analysis of the two approaches in 

relation to each other. Their case study was not conducted following the guidelines of 

action research or design science, but according to general scientific criteria. They 
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introduced a new term of system development based on the terminology from 

Nunamaker et al. (1991) and concluded: 

òThe iterative nature of [system development] research, with the intention 

of generating new knowledge and improving social acceptance of the system 

under construction, makes it also quite distinct from computer science 

research, where the main purpose is the creation of new methods or 

programs ï not the application of the methods in real-lifeò.  

While some authors claim that action research and design science are similar 

approaches (e.g., Järvinen, 2007), others claim that they are quite different (e.g., Iivari 

& Venable, 2009). Yet others, such as Cole et al. (2005), favour combining the two 

approaches rather than perceiving them as opposites. Based on a cross-criteria 

analysis, they compared design science criteria (from Hevner et al., 2004) and action 

research criteria (from Davison et al., 2004).  

 

They discovered that, despite claims that the approaches were different, they fulfilled 

criteria from each otherôs research approach. Cole et al. (2009) used a down-to-earth 

paradigmatic analysis and outlined an integrated research approach. They found that a 

common area could be found since ò the process models of both approaches are like a 

degree that we can form a common process model for themò.  

 

Papas et al. (2012) experimented with the approaches. They conducted their study both 

from an action research and design science approach. The paradigm analysis of the 

two approaches revealed many similarities, but also some differences. In the light of 

this experience, Papas et al. (2012) claimed that it was possible and valuable to 

combine action research and design science and to use both criteria.  

3.2.6.4 Integration of action and design science research 

The above sections describe important similarities that have been found between 

action research and DSR and how several integrative approaches combining the two 

have been created. In the search for a combined approach, as revisited by Goldkuhl 
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(2013), Cole et al. (2005) proposed a four-stage process: (a) problem identification, 

(b) intervention, (c) evaluation and (d) reflection and learning, where intervention 

(Step 2) is a combination of action planning and action-taking (from action research) 

and building (from DSR). 

 

Later, in 2007, Lee argued: 

òaction research and design science have the potential to bring about 

greater rigour and greater relevance by acting together than by acting 

aloneò.  

Capitalising on the framework from March and Smith (1995), Lee (2007) combined 

the four types of activities and the four types of artefact, respectively build, evaluate, 

theorise, and justify with construct, model, method, and instantiation. The dialogical 

action research from Mårtensson and Lee (2004) helped him map on this DR 

framework and take a step forward from the previous publications by including 

theorise and justify in DSR, hence completing March and Smithôs (1995) and Hevner 

et al.ôs (2004) work. Lee (2007) then separated the activities conducted by the 

researcher and the practitioner, claiming that the researcher should not be participating 

in the building of the instantiation. 

 

Baskerville et al. (2009) later integrated action research and design research by 

combining them with another action research approach described by Checkland in 

1981, soft systems methodology. The combination of specific problems and solutions, 

on the one side, and generalised problems and solutions, on the other, was tackled by 

problem-solving logic: from a specific problem to adaptation of specific solution 

through generalised problem and general design requirements and solutions. 

 

A later development by Cole et al. (2005) has been proposed by Sein et al. (2011), 

namely an integrated approach: action design research (ADR), which further integrates 

intervention and evaluation. The inception of ADR is the formulation of an 

organisational problem to be treated by a research process that leads to the generation 
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of design principles. Almost in parallel to Sein et al. (2011), Wieringa and Morali 

(2012) worked on a combined action research and DSR approach. Contrary to the 

above examples, which are mainly problem-driven, the main idea defended by Sein et 

al. (2011) is that it is possible to bring about concrete solutions through a researcher-

driven approach working on an idealised design. Wieringa and Morali (2012) have 

proposed a new approach called technical action research. As Goldkuhl (2013) 

reminds us, this sort of research is based on two engineering cycles: (a) the artefact 

cycle, where a researcher aims at improving a class of problem through artefact design 

and a complementary empirical research cycle, and (b) helping a client by improving 

a particular problem. An empirical research cycle that aims at answering research 

questions through making investigations completes the approach.  

 

While Sein et al. (2011) start with a problem to drive the research, Wieringa and 

Morali (2012) argue that technical action research is more appropriate when ò the 

researcher has identified a class of problems and aims to develop an artefact to mitigate 

those problemsò (ibid. p. 234). 

 

Goldkuhl (2013) capitalised on the previous work presented above and stated that, 

while DSR aims to create new and innovative ways of solving a class or classes of 

problems, and create a new reality, action research is primarily focused on 

understanding reality.  

Goldkuhl et al. (2013) base their comparison analysis of action research and DSR on 

the model of DSR activities presented in Venable (2006) and Framework and Context 

for design science research (Venable, 2006) adapted by Jeffrey Bagraim. 
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Figure 3.2.6-1  Framework and context for design science research (Venable, 2006). Adapted by Jeffrey Bagraim 

 

From the above figure, Goldkuhl (2013) identified three different cases where action 

research and DSR have differing relationships with one another:  

Completely non-overlapping: Action research is not concerned at all with the DSR 

interest of building and evaluating innovative artefacts. This situation may appear 

when solving the clientôs problem requires no technology and is possible through the 

application of existing solutions without innovation. This situation may also appear 

when design science research is applied to solve a purely technical or a socio-technical 

problem. 

 

Slightly overlapping (using action research to evaluate DSR): This situation may 

appear if the researcher does not devote enough effort to defining and justifying the 

aim of his research (which should be to develop a new, innovative artefact or any 
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solution technology) and when his activity could be considered as aiming to assess an 

existing solution. Then, it is tempting for the researcher to develop biased evaluations 

of the artefacts formerly developed by other researchers or practitioners. 

Significantly overlapping (action research conducted with DSR): This situation may 

appear when a researcher is tempted to design innovative artefacts only to provide a 

solution to the client and solve the problem in general. In this case, the evaluation of 

the solution may be biased as it is only based on a specific environment where the 

evaluation of the results can be biased by a distortion in the measures of the reality. 

 

Goldkuhl (2013) summarises the three cases in the table below: 

Case Action research 

interest 

Design science 

research interest 

Design science 

research 

activities No overlap 
 

ñUnderstanding reality in 
an organisational 
contextò  

None None 

None 

ñSolving a purely technical 
problem by developing and 
evaluating a new solution 
technologyò 

ñTheory building, 
solution 
technology 
invention, and 
artificial 
evaluationò 

None 

ñSolving a socio-technical 
problem in a non-action 
research context by 
developing a new solution 
technology, but evaluating 
it by means other than 
action researchò 

ñTheory building, 
solution 
technology 
invention, and 
artificial or 
naturalistic 
evaluation, or 
bothò 

Slight overlap 
ñEvaluating an existing 
solution technology in an 
organisational contextò 

ñEvaluation of a solution 
technology developed 
separatelyò 

ñNaturalistic 
evaluation onlyò 

Significant 

overlap 

ñSolving a socio-
technical problem by 
developing and a new 
solution technology and 
evaluating it in an 
organisational contextò 

ñSolving a socio-technical 
problem by developing and 
a new solution technology 
and evaluating it in an 
organisational contextò 

ñTheory building, 
solution 
technology 
invention, and 
naturalistic 
evaluationò 

Table 3.2.6-3 Overlaps in activities between action research and DSR (adapted from Goldkuhl, 2013) 
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3.2.6.5 Problem-centred approach 

The design science approach can be a nonlinear process that may evolve in different 

ways (Peffers et al., 2007). Research would start with a problem and begin at Step 1 

in the case of a problem-centred approach, or if the research resulted from the 

observation of a problem (Peffers et al., 2007). 

3.2.6.6 Design and development-centred approach  

In the case of an objective-centred solution, the process could also begin at Step 2. The 

objective can emerge from a research or industry need that can be addressed by 

developing an artefact. Experience can also motivate a research idea concerning the 

processes of an artefact not yet formally contemplated as a solution for an explicit 

problem domain. For Peffers et al. (2007), this process is a design-and-development-

centred approach.  

3.2.6.7 Consulting or client context-centred approach 

As Brady (2014) recalls, a client or context can also offer a practical solution 

developed in practice and proven to be effective. In this case, the researcher is working 

backwards to apply rigour to the process. (Peffers et al., 2007) proposes the following: 

òA problem-centred approach is the basis of the nominal sequence, starting with 

activity one. Researchers might proceed in this sequence if the idea for the 

research resulted from observation of the problem or from suggested future 

research in a paper from a prior project. An objective-centred solution, starting 

with activity two, could be triggered by an industry or research need that can be 

addressed by developing an artefact. A design-and-development-centred 

approach would start with activity three. It would result from the existence of an 

artefact that has not yet been formally thought through as a solution for the 

explicit problem domain in which it will be used. Such an artefact might have 

come from another research domain, it might have already been used to solve a 

different problem, or it might have appeared as an analogical idea. Finally, a 

client/context-initiated solution may be based on observing a practical solution 

that worked; it starts with activity four, resulting in a design science solution if 

researchers work backwards to apply rigour to the process retroactively. This 

could be the by-product of a consulting.ò 
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3.3 Recent research into the search for consensus  

Maccani (2015) advocates that DSR can assume a variety of positions, while action 

research is more limited in this way but can be applied as part of the evaluation stages 

of DSR projects. For Maccani (2015) action research can be a special case of DSR. 

The following chapter develops the above. 

 

Maccani (2015) contributed to the ongoing academic conversation regarding the 

investigation on how to incorporate action in DSR. Maccani (2015) developed Ivari 

and Venableôs (2009) contextualisation of Burrel and Morganôs (1979) paradigmatic 

framework to explore and understand the similarities and differences in the two 

methodologies at the philosophical level. Their conclusions are presented in the table 

below: 

 

Table 3.3.1 Paradigmatic assumptions of action research and  DSR 

Maccani (2015) further expanded the paradigmatic framework with philosophical 

assumptions and showed that the same philosophical underpinnings were covered by 

action research and DSR. He suggests that action research can be considered to be a 

particular case of DSR, rather than a methodology close to it, considering the scope of 

action research projects, i.e. ñbuilding and evaluating ensemble IT artefactsò (Sein, 

2011). 

  

Maccani (2015) further develops, by extending Ivari and Venableôs (2009) and points 

out that from ontological, methodological, and ethical points of view, the two 

approaches are very similar. The substantial difference comes from the 

epistemological difference between the two methods.  



136 / 412 

 

ñDesign Science aims at the design of general solution concepts which are 

applicable not just to a specific organisational context. In other words, in the so-

called ñbuild and then evaluateò path of Design Science, the first stage involves 

a positivistic epistemology (especially in the engineering field), while anti-

positivistic assumptions are likely to emerge when the artefact is instantiated. On 

the other hand, because of the nature of Action Research, the design process 

within it is more likely to have as underlying assumptions anti-positivistic 

positions. In fact, in a typical Action Research project, the problem as well as the 

artefact are conceived from the point of view of the individuals who are directly 

involved in the activities which are to be studied. Thus, the design stage (or stages) 

is (unlike Design Science) underpinned by anti-positivistic paradigmatic 

assumptions. The positivistic side of the methodology emerges in both the ongoing 

Reflection and Learning stage, and the Formalisation of Learning one, when the 

specific organisational-related solution is related to a broader class of solutions, 

or, in other words, to a generalised outcome. We believe that an explanation for 

this epistemological difference that exists between Action Research and Design 

Science is given by the different role that the organisations play in the two 

approaches. In detail, while in Design Science the organisational intervention is 

considered secondary, in Action Research projects the organisation is part of the 

Design Science team since the beginning and the design process is highly 

participatory. As a result, the ADR artefact is ôsocially constructedô, thus not 

consistently with positivistic epistemology.ò 

3.4 Conclusion 

At this point, it appears that, regarding the boundaries and similarities of action 

research and DSR, research and discussions have been long ongoing in a search for a 

consensus. The essence of the research and approach driven by the client or by the 

researcher, or both, can be oriented differently. In the case of this research, action 

research and design science approaches have been applied at different stages of the 

project (block 1, block 2 and block 3) depending on the specific context of the research 

and on the understanding of the project at each stage of it. 

3.5 Justification for the choice of research method 

In 2007, Peffers et al. argued that that the application field of DSR was broad and that 

its problem-solving approach could be adopted for a research study in various ways, 

dictated by the client context, and mainly centred on a problem or on an objective or 

on a design issue.  
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Sever critics then arose in the academic world regarding research in construction 

management (Azhar et al. 2009; Alsehaimi et al. 2013) . Both considered the approach 

to be too descriptive and explanatory because of the use of quantitative surveys or case 

studies. Managerial problems experienced in construction should not be addressed 

with tangible and applicable answers. Taking this objection into account, it became 

important that the output for a piece of so-called action research would be applicable 

to the gemba and grounded in practice. That the implementation of the solution should 

be developed in relation to the practical world was an initial given in the choice of the 

research method.  

 

The main weakness in recent studies such as by Macconi (2015) and Alsehaimi et al., 

(2013) is the lack of concreteness in the solution proposed by the researchers. 

Although planning and control are often found to be ineffective, and solutions are only 

partially (if simply not) recommended, the necessary tools needed to overcome the 

problem fail to be proposed or investigated thoroughly enough.  

 

It has long been argued that existing approaches need to be developed and completed 

to strengthen the link between the research and practical worlds. Although there is no 

doubt that developing a theory that should then be tested and confronted by reality to 

extract outputs and build knowledge is needed, the research could more deeply focus 

on the applicability and validity of the output that is allowed by DSR, in addition to 

the historical approaches (Simon,1969, 1996; Simon 1973; Klahr & Simon 1999; 

Holmström 2009).  

 

Thus, to fit the client context of the research and ground it in the practical world, but 

also to develop a site-based output that would be as applicable and as duplicable as 

possible, design science was also adopted for this research. As a pioneer in consultancy 

activities, specialised in lean applied to the construction industry with the aim of 

reducing delays and costs by creating reliable and stable production flows on site, the 

researcher has developed a first version of an improved approach.  
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According to Peffers et al. (2007), the identification of a problem should be the starting 

point of a DSR approach; however, developing and applying a solution in practice 

could also be considered a research study. The initial research cycle was used to 

validate the capacity of the researcher to conduct site research, capture results, and 

identify new issues that would lead to the next research cycle in the queue. The initial 

problematic (client need) was to improve daily planning and control of the 

construction works.  

 

Iterative improvements in weekly and daily planning were captured in the first 

research cycle that comprised of the implementation of LPS on site, which allowed 

the development and the application of new approaches within the context of this PhD. 

Similar to Brady (2014), who also worked for a consultancy practice on the 

development of a tailored site-based approach for their client; the researcher has 

worked backwards to apply rigour to the process:  
 

 

 

òDesign science can result from the existence of an artefact that had not 

yet been formally thought through.ò (Peffers et al. 2007, p. 14).  

The three case studies and the action cycles undertaken in this research took four years 

to present, analyse and evaluate and for the outputs to be further developed to 

determine and validate the contribution to practice and theory. The development of the 

research on site required rigour and the frame provided by action research was 

particularly adapted to ease this and initiate the research cycles on block 1. However, 

given the nature of the consultancy and the need to bring a concrete answer to the 

client, the research cycles were adapted to DSR from block 2. 

 

The above advocates action research and DSR as both rigour and output provider 

approaches; while action research focusses on the rigour the researcher should follow, 

design science emphasises the applicability of the output. Again, the design-science 

approach has been chosen for block 2 out of respect to the nature of the research. As 

with Brady (2014), the present research aims to provide a clear and practical solution 
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to be applied on site. In this case, a large body of literature (March & Smith 1995; 

Lukka 2003; Hevner et al. 2004; Van Aken 2004; Venable 2006) is in favour of 

applying design research as Brady (2014) did, whose aim was to ñimprove current 

practice in production planning and control and to clarify the theoretical significance 

of this solutionò.  

 

Focus on Design Science: an attempt to bridge academia and the practical world  

Design science has ambitions to provide academic research with theoretical 

understanding and practical outputs that the practical world could apply and that could 

be pulled from it by extending practical solutions. It seeks a stronger alignment 

between the theoretical and research interests and the interests of managerial practice 

(Holmström & Ketokivi, 2009; Lukka, 2003).  

 

As developed in the above paragraphs and chapter, design science focusses on 

changing the practice world by addressing real, identified and quantified problems. 

Design science brings prescriptive answers to these artefacts, once the theoretical 

significance of the problem and its solution has been validated, and then develops 

research to build current knowledge (March & Smith 1995). 

 

Holmström and Ketokivi (2009) observe that design science links practice to theory, 

not the reverse, to actually ground the research in the practical world. This can be 

summarised by 2x2 research phases: solution incubation and solution refinement, 

which are explanatory from practice, and establishing theoretical relevance and 

developing formal theory, which are explanatory research. An issue stands in the fact 

that addressing a practical world-based issue that is shared by a professional (or a 

client, as in this research) cannot necessarily be a contribution to the body of 

knowledge.  

 

The graphic below illustrates how Holmström and Ketokivi (2009) emphasised the 

importance of linking phases 2 and 3 in the path from phases 1 to 3, leveraging theory 

from practice.  
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Phase 1: solution incubation 

Phase 2: solution refinement 

 

 

Bridge: generalising findings/ 

demonstrating a theoretical contribution 

 

 

 

Phase 3: establishing theoretical relevance 

Phase 4: developing a formal theory 

 

However, despite ambitious initiatives in recent years in the academic world, 

providing academic research that would be relevant, usable and duplicable to the 

practitioners remains elusive (Holmström & Ketokivi, 2009). 

3.6 Proposed method: multiple-case study from design science research 

From the above sections, it clearly appears that finding the most appropriate method 

can prove difficult given the wide range of situations, contexts, objectives, and the 

vision of the research. The present research is neither solely a case study, as the 

position of the researcher as a consultant requires me to act on site, nor is it solely an 

exercise in action research, as the theoretical part of the findings should emerge from 

the analysis of the case. The ambition of this research is to test the applicability of a 

new flow theory in the construction industry and draw conclusions from the research 

approach used.  

 

It is proposed in this thesis to build a case study by following action research and 

Explanatory from practice 

Managerial relevance 

Explanatory research 

Theoretical contribution 

Managerial practice interest 

Theoretical and research interest 
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design science approaches on site to develop and experiment with a new flow theory 

in the 3-block building project before validating and generalising a new theory. The 

figure below illustrates the duality of the research. 

 

 

3.7 Data collection 

Data were regularly collected during the research from different sources: workflow 

indicators, documentation, semi-structured interviews, and direct and participant 

observation. 

Figure 3.2.6-1          Representation of the action and case study research building, adapted from the spiral of 

action research cycles (Coghlan & Brannick 2001). 

Action Research 2 Action Research 3 

Block 3 Block 2 Block 1 

ñExperimental Multiple Case Studyò (Longitudinal): cycle of learning 

Action Research 1 
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3.7.1 Workflow stability indicators  

Measuring the workflow stability (or reliability) on the construction site has been done 

by evaluating the PPC on a regular basis.  

3.7.2 Documentation 

Documenting a research thesis is core to a researcherôs doctoral journey. In finding 

various sources of data to aliment the research, diaries, letters, agendas, minutes of 

meetings, personal notes, field notes and reports, images, sounds and objects, and 

computerised records may be investigated (Bryman 2001; Yin 2003; Finnegan 2006). 

Once gathered, the researcher must then cross-check the information, validate the 

pertinence of the data to the research field and explain how the retained documents are 

appropriate through corroboration (Yin 2003).  

The documentation used in this research was as follows:  

o diaries recording the on-site situation and difficulties; weekly observations and 

recollections (from workmen and foremen) of the work done, of how it had 

been completed, and of difficulties met in fulfilling the job (planning not 

addressed at this point, focus is on the output). 

o agendas covering the main interior construction milestones (slab casting, 

window installation and waterproofing, plastering and equipping); initial and 

revised master plans, detailed works planning ñas isò at the beginning of the 

research. No judgement was made or shared at this point to avoid biasing the 

perception of the documentation provided. 

o minutes of site meetings (including PPC): measuring the progress and works 

promises on site from one week to the next. Understanding the root causes of 

delays and difficulties met on site. 

o personal and field notes of actions taken: keeping a weekly log of the actions 

asked, realised, and their impact as measured on site on the progress rate, 

promise reliability, stress level. 

o images and computerised records: keeping a weekly tangible record. 
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3.7.3 Semi-structured interviews 

Initiated once the measures had been taken on site, this part of the research comprised 

interviews with the site management team (site foremen and team leaders) about their 

understanding of the approach developed and of the effect they felt and had measured 

at their level. An interview can be viewed as a managed verbal exchange where all 

communication biases, from the thinking of the idea to the understanding of the 

message through the expression of the message, the medium used to the reception and 

treatment of the message in context, can significantly affect the output (Ritchie & 

Lewis 2003; Gillham 2000). Hence, the effectiveness of an interview can largely 

depend on the communication skills of the interviewer (Clough & Nutbrown, 2007). 

In order to capture valid information, the ability of the interviewer should be developed 

around being able to: 

o pause, probe or prompt appropriately (Ritchie & Lewis, 2003, p. 141);  

o clearly structure the questions, (Cohenet et al., 2007);  

o listen attentively (Clough & Nutbrown, 2007);  

o encourage the interviewee to talk freely, to òmake it easy for them to respondò  

3.7.4 Observation 

Hancock (1998) describes observation as a technique that can be used when data 

collected through other means may be of limited value or is difficult to validate. 

Observation can be further defined as a systematic method of data collection that relies 

on a researcherôs ability to gather data through his or her senses (OôLeary 2004). 

Hussey et al. (1997) and Saunders et al. (2007) divide observation into two categories: 

direct (non-participant) and participant.  

 

In direct observation, people or experiments are observed and recorded while the 

researcherôs role is only to be an observer, as is often the case during a site visit.  

In participant observation, observing and recording are not enough. The researcher 

could be involved in the field and may even have interactions with the subjects 

observed and, thus, interfere with the situation being observed (Yin 2003; Easterby-

Smith et al., 2002; Bryman, 2001). 
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4 Research processes 

While Chapter 3, Research methodology, presented the choice and justification for the 

methodology to be followed in the context of this research, this chapter presents the 

research process followed by the researcher from the diagnostics of the actual state 

through to the formalisation of the research process. 

Chapter 4, Research processes, describes the process as follows:  

- Section (4.1), Problem diagnostic and , introduces the problem  

- Section (4.2), Evaluating the action, explains how the action can be evaluated 

from a doctoral research point of view 

- Section (4.3), Formalising the research process, closes the chapter and 

proposes a step-by-step process to duplicate the path initiated by the researcher 

in the field of this research 

 

The research covers a 3-year period involving the construction of a 3-block project of 

a total of 144 apartments; Each block is considered to be a separate case study. The 

blocks are named block 1, 2 and 3, in chronological order. 

4.1 Problem diagnostic and development 

This section presents the problem upon which the research is grounded and how the it 

has been refined and the solution built into the frame of doctoral research. The 

difficulty of being both a consultant and a researcher in this context has been 

developed in (3.2.1), The action research approach (differentiated from consultancy).  

The process of structuring the research started with defining the problem. The client 

(developer) appointed the researcher on a lean construction consultancy contract. The 

aim of this mission was twofold. It was not only to improve the scheduling system and 

provide different output (100% of the previous blocks of the previous phases of this 

10-year project where delivered 12% to 18% late according to the initial contractual 

programme) but also to improve the quality of the works delivered by the contractors 

(15 snagging works were noticed at the delivery of apartments to their owners).  
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Although the delivery of the works fulfilled the construction classics, both in terms of 

completion delays and snagging works (common standards for this do not exist in 

Belgium), the client had ambitions to change the current state and improve their 

process in the course of this consultancy mission. The client accepted that the 

researcher could ground his research in this context so that the method could be 

formalised, the output duly measured, and the process replicated in future projects. 

The agreement made the researcher totally free regarding the approach to be 

implemented, the tools to be developed and tested and the data to be collected and then 

shared in the context of a doctoral study that would lead to a PhD thesis. 

 

It is to be noted that full support was then provided by the client in the path followed 

and in communicating the importance of changing the system in the first months of 

the mission. Looking back, in the light of the entire 3-year process of the research, the 

researcher believes that this initial support and positive communication facilitated 

much of the application of the first tool (the weekly work plan); at least, this was so in 

the initial adoption of the tool by the contractor. Because literature on the topic of the 

success factors relating to lean construction approaches is scarce (Nelder (2006); Ward 

(2015); Davies (2002); Cano (2015)), further research would be needed on the initial 

conditions of success in the context of SMEs in small real estate sites to validate the 

researcherôs post-research intuitions. 

 

Once the problem was identified, in general terms, from the initial discussions with 

the developer, the researcher had to investigate it in practice and grow his 

understanding of it . Although each situation is unique, it was possible, through reading 

the literature related to the problem, to refine it, develop it and then test solutions. The 

effects of the solutions in resolving the problem were later measured. However, before 

that, the next loop of iterative improvement processes had been carried until a 

satisfactory improvement level been reached (in relation to the aim of the client). 

 

The first task the researcher was given was to provide a diagnostic of the current 

situation. This analysis was made on the first building block, where the works had 

already started, in the form of identifying any waste and starting a waste reduction 
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journey, as described in the TPS, with the aim of improving the construction processes 

and generating tangible impacts (collateral effects) on safety, on-time reduction and 

quality improvement. 

 

The research process began with an initial search of a solution to a problem perceived 

in practice: the site works were highly unstable and desynchronised, and there was 

little evidence of the structural work schedule. A deeper understanding of the practical 

problem was the first step of in Case Study 1, so to speak. As a consultant, I was called 

upon to provide immediate solutions to immediate issues. As a researcher, however, I 

had to make the switch from consulting to consider the distinctness and causes of the 

problem from a theoretical perspective. The theoretical part was to be investigated in 

the existing literature.  

 

At the time of the inception of the research, Hamzeh et al. (2009), Björnfot (2012) and 

Zimina et al. (2012) had already pointed out that there was a lack of research in the 

application of lean construction in SMEs. Alves et al. 2012 and, later, Tauriainen et 

al. (2016) argued that it was down to the LC community to draw attention to SMEs by 

demonstrating successful business cases and diffusing the mechanisms for LC at SME 

level. Other authors later claimed that  special attention should be given to SMEs given 

the lack of lean construction (and BIM) literature from the SMEs perspective (Upstill-

Goddard et al. (2016); Dainty et al. (2017); Lam et al. (2017); Tezel et al. (2018)). 

 

Tezel et al. (2019) had been first to perform a systematic literature review on lean 

construction and BIM in SMEs. They pointed out that: 

 

o There was no signiýcant difference between the UK, Swedish, Italian, 

American, and Brazilian research in terms of research with SME and lean 

construction focus. 

o An overwhelming majority of the publications on SME and LC are concerned 

with construction SMEs rather than design SMEs.  

o The current discussion on LC adoption from the design SMEsô perspective is 

very limited. 
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o Almost one-half of publications have been presented at the IGLC annual 

conference and through the Lean Construction Instituteôs Lean Construction 

Journal.  

o The LC literature that exists mostly overlooks organisational, procurement, 

training, and project governance-related parameters in LC implementations 

(Green et al. 2005; Jørgensen and Emmitt 2008; Alves et al. 2012; Wandahl 

2014; Cano et al. 2015). 

o Discussions concerning LC training and diffusion mechanisms at SMEs are 

currently very limited. 

o There are only a few pieces concerned with the theoretical exploration of LC 

and SMEs. 

 

Hence, at the beginning of the research in 2013, only a limited amount of information 

was found in the residential development field made by SMEs to gain a deeper 

understanding both problem and of the theoretical background that could provide a 

basis for addressing it. The issues, problems, and solutions applicable to a large 

hospital project in California erected by multinational lean leader construction 

companies had some limited applicability to the small 35-apartment block 

development in a Brussels suburb, made by small SMEs who had never heard about 

lean construction. This was the basis of Case Study 1. 

 

 The literature review focused on the principle of flow stability, scheduling, lean 

production, lean construction, and the deficiencies of classical project management. 

Once the problem had been duly identified and its effects measured, Step 2 consisted 

of defining the objectives of a solution that could be implemented; in other words, the 

expected results or effects of Step 1. The data gathered in Step 1 were reviewed and 

analysed. This step was necessary to detail how the objectives for a solution were 

expected to afford concrete answers to the problems observed in practice. Reviewing 

the important concepts in the literature and drawing on the researcherôs practical 

experience with the application of lean tools and flow production tools developed prior 

to the current research helped to refine the possible objectives and solutions. 
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The main objective of the research was to stabilise production flow on site, and to seek 

a reduction in delays, perceived stress, and costs, together with an increase in 

motivation, quality and health and safety. 

4.2 Evaluating the action 

While Section 4.1, Problem diagnostic and development, developed the context and 

the formalisation of the problem, this section focusses on how the action can be 

evaluated.  

 

After the action research is completed, it is crucial to determine whether a real-world 

problem has been solved and assess what impact has been created by the 

implementation of a new artefact. The researcher can then estimate the contribution 

from both practical and theoretical points of view (Lukka, 2003). 

 

In order to validate the value of new artefacts and benchmark the new solution to 

existing solutions and ideas, Kasanen (1986) proposes three market tests: weak, semi-

strong and strong. A market test is considered weak if the interest of the practitioners 

is solely based on the results that the solution has achieved. A market test is considered 

semi-strong on the basis of how much the adoption of the artefact within the companies 

has been spread. A strong market test reflects how the results have been improved in 

practice by the companies that systematically applied the artefact in comparison to 

those who have not. As Brady (2014) outlines, the benefit of evaluating the model 

across the research is twofold:  

o to contribute to the development of the model and ease further development, 

and  

o to validate the practical applicability and industry effectiveness of the model 

(i.e., the market testing of the artefact). In this way, both formative and 

summative evaluations are achieved.  

 

Smithson and Hirschheim (1998) and Remenyi (1999) later identified the two most 

important antagonistic approaches to evaluating DSR: formative and summative 
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evaluation on one side, and ex-ante or ex-post evaluation on the other. These 

approaches were later developed by Stefanou (2001), Irani and Love (2002) and 

Klecun and Cornford (2005). Remenyi (1999) categorised the distinctions between 

approaches and techniques. For Remenyi, an approach can be either quantitative or 

qualitative, and a technique can either be subjective or objective. Categorising both 

approach and technique helps to define evaluation in the following ways: (a) why to 

evaluate, (b) when to evaluate, (c) how to evaluate, and (d) what to evaluate (from 

Stufþebeam 2003). 

 

Peffers (2008) summarises the choices of evaluation methods and argues they should 

be driven by the nature of the artefacts: particular artefacts lend themselves to 

evaluation by particular methods: 

 

Logical argument òAn argument with face validityó 

Expert evaluation ñAssessment of an artefact by one or more experts 
(e.g., Delphi study)ò 

Technical experiment 

 

ñA performance evaluation of an algorithm 
implementation using real-world data, synthetic data, 
or no data, designed to evaluate technical 
performance rather than performance in relation to the 
real worldò 

Subject-based experiment ñA test involving subjects to evaluate whether an 
assertion is trueò 

Action research 

ñUse of an artefact in a real-world situation as part of 
a research intervention, evaluating its effect on the 
real-world situationò 

 

Prototype ñImplementation of an artefact aimed at demonstrating 
the utility or suitability of the artefactò 

Case study ñApplication of an artefact to a real-world situation, 
evaluating its effect on the real-world situationò 
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Logical argument òAn argument with face validityó 

Illustrative scenario 
ñApplication of an artefact to a synthetic or real-world 
situation aimed at illustrating the suitability or utility of 
the artefactò 

Table 3.7.4-1 Summary of the choices of evaluation methods (adapted from Peffers, 2008) 

 

Venable (2012) insist on the importance of the evaluation phase to achieve rigour in 

DSR. He points out that there is little guidance concerning formulating the evaluation 

activity of DSR. He proposes an extended framework of DSR evaluation which he 

coupled together with a DSR design to guide design science researchers in the choice 

and justification of the evaluation phase. The DSR researchers can now validate both 

designs (artefacts and theories) in the production of output.  

 

Venable (2012) capitalises on Pries-Heje et al. (2008), who proposed a strategic DSR 

evaluation framework comprising a simple but efficient 2X2 framework. This table 

provides strategies for evaluation in DSR and helps the researcher choose between 

them.  

 

The researcher should choose whether the evaluation should be made based on an 

artificial or naturalistic approach, and then whether the evaluation is made ex-ante or 

ex-post. An ex-post evaluation relates to an instantiated artefact (i.e. an instantiation) 

and ex-ante to an instantiated artefact such as a design or a model as presented in the 

following page. 
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(1) The distinctions of ex-ante versus ex-post and artificial versus naturalistic 

evaluations reflect a variety of ways in which evaluation might be conducted. 

(2) Ex-ante evaluation is possible without building an instantiation of an artefact (at 

least, initially). 

(3) Artefact evaluation in artificial settings could include imaginary or simulated 

settings. 

(4) Naturalistic evaluation can be designed by choosing from among multiple realities 

and multiple levels of granularity for measurements or metrics. 

(5) Multiple evaluations, combining multiple evaluation strategies, may be useful. 

(6) The specific evaluation criteria, measurements, or metrics depend on the type of 

artefact (product or process) and the intended goals or improvements. 

 

Venable (2012) later proposed a four-step method for the evaluation research design 

of DSR: first, analyse the requirements for the evaluation to be designed; second, map 

the requirements to one or more of the dimensions and quadrants in the framework 

using Figure 4.2-1; third, select an appropriate evaluation method or methods that align 

with the chosen strategy quadrant(s) using Figure 4.4.1; and fourth, design the 

evaluation in more detail. 

 

(1) Analyse the context of the evaluation - the evaluation requirements. 

o ñDetermine what the evaluands are: concepts, models, methods, instantiations, 

Figure 3.7.4-1 Research Quadrants (Venable, 2012) 
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or design theories, or some combination.ò 

o ñDetermine the nature of the artefacts or evaluands. Are the artefacts to be 

produced products, processes, or both? Are the artefacts to be produced purely 

technically or socio-technically? Will they be safety-critical or not?ò 

o ñDetermine what properties need to be evaluated: Which of these (or other 

properties) will be evaluated? Does utility or effectiveness, efficiency, efficacy, 

ethicality, or some other quality (and which) need to be evaluated?ò 

o ñDetermine the goal/purpose of the evaluation. Will a single or main artefact 

be evaluated against goals? Does the developed artefact need to be compared 

against other artefacts?ò 

o ñIdentify and analyse the constraints in the research environment. What 

resources are available: time, people, budget, research site, and so forth? What 

resources are in short supply and must be used sparingly?ò 

o ñConsider the required rigour of the evaluation. How rigorous must the 

evaluation be? Can it be just a preliminary evaluation, or is a detailed and 

rigorous evaluation required? Can some parts of the evaluation be done 

following the conclusion of the project?ò 

o ñPrioritise the above contextual factors to determine which aspects are 

essential, more important, less important, nice to have, and irrelevant.ò 

 

(2) ñMatch the needed contextual factors (goals, artefact properties, etc.) of the 

evaluation (from Step 1) to the criteria in Figure 2, looking at the criteria in both 

white portions relating to a single dimension and the blue areas relating to a single 

quadrant. The criteria statement that matches the contextual features of the DSR 

project will determine which quadrants apply most or are most needed. It may well 

be that more than one quadrant applies, indicating the need for a hybrid-methods 

evaluation designò. 

(3) ñSelect the appropriate evaluation methods from those listed in the selected, 

corresponding quadrants in Figure 4.1-2. If more than one box is indicated, 

selecting a method present in more than one box may be helpful. The resulting 

selection of evaluation methods, together with the strategies (i.e. quadrants), 

constitutes a high-level design for the evaluation research.ò 
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(4) ñDesign the DSR evaluation in detail. An ex-ante evaluation will precede ex-post 

evaluation, but more than one evaluation may be performed, and more than one 

method used, in which case the order of their use and how the different evaluations 

will fit together must be decided. Also, the specific detailed evaluations must be 

designed (e.g. design of surveys or experiments). This generally will follow the 

extant research methods literature.ò 

 

Venable, Pries-Heje and Baskerville (2015) further developed and refined the above 

evaluation models into what has been called the framework for evaluation in design 

science. This framework aims to: 

 

ñguide design science researchers in developing a strategy for evaluating 

the artefacts they develop within a DSR project.ò  

 

Evaluation can be achieved by following the four steps below (from Venable, Pries-

Heje and Baskerville (2015)):  

 

1) ñExplicate the goals of the evaluation  

ü ñRigour: It is essential at the beginning of the evaluation strategy to 

check that it is the artefact, and only it (the instantiation), that causes an 

observed outcome (artiýcial evaluation), and that the artefact 

instantiation works in a real situation (naturalistic evaluation).ò 

ü ñUncertainty and risk reduction: Risks may originate from different 

factors, such as human or technical error. Formative evaluations should 

be conducted as early as practicable to identify the difýculties and areas 

for improvement to inþuence and improve the design of the artefact. 

Higher quality artefacts (more effective, efýcient, etc.) can hence be 

attained.ò 
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ü ñEthics: The evaluation should address potential risks to animals, people, 

organisations, or the public, including future generations. Summative 

evaluation is the best way to ensure the rigour that reduces risk to the 

eventual users of the artefacts and knowledge resulting from DSR.ò 

ü ñEfýciency: Efýcient evaluation represents a trade-off between high 

levels of rigour, low risk and high ethics on the one side, and the 

resources necessary to meet the artefact (financial and temporal) on the 

other. A naturalistic evaluation is more often less efficient than an 

artiýcial evaluation, and non-empirical (artiýcial) evaluation approaches 

generally need the fewest resources.ò 

 

2) Choose the evaluation strategy or strategies for the evaluation, including:  

ü Evaluation and prioritisation of the design risks, and understanding of 

the potential problems that the design may face; 

ü Evaluation of the costs of using real users and systems in the setting; 

ü Evaluation of the category of the artefact (e.g. technical, not used by or 

affecting people) or whether the need or problem addressed by the design 

exists today or will only be relevant in the future; and 

ü Evaluation of whether the construction of the design is small and simple 

or large and complex. 

 

3) Determine the properties to evaluate, including: 

ü Framing of potential evaluands; 

ü Alignment of candidate evaluands with the goals explicated in Step 1; 

ü Alignment of evaluands to the chosen strategy; and 

ü Choice of evaluands based on the above heuristics. 

 

4) Design the individual evaluation episode(s), including: 

ü Identification and analysis of the constraints in the environment; 

ü Prioritisation of the above to contextual factors; and 

ü Decision on a plan.ò 
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4.3 Formalising the research process 

While Section 4.1, Problem diagnostic and development, developed the context and 

the development of the formalisation of the problem and Section 4.2, Evaluating the 

action, focused on how the action was evaluated, this section provides the reader with 

a synthesis of the steps that have been followed in the research.  

The link with the related section from this thesis eases the reading process and the 

understanding of the path followed from step 1 to step 10 so that the approach 

developed in the thesis can be replicated. This slightly differs from the actual path 

followed by the researcher as it has been formalised after the research having been 

undertaken considering the experience gained by the researcher throughout the 

research.  

 

The following steps need future research and on-site implementation so that the 

proposed approach can be refined, improved and developed.  

The following steps provide a formalisation of the experience of the researcher in the 

hope of easing a future researcherôs work with SMEs in the same context. 

 

 Identify  the problem of the research 

The need for research or application of a new approach must be validated. This first 

step helps to get the sponsor on-board. The path is long and requires support. See 

5.2 Problem of the practitioner (a real estate developer)  

 

 Validate the real engagement to change the system  

A sponsor alone, even the client, is not sufficient to impact the production site in 

the context of SMEs. It is important that most (if not all) of the team gets engaged 

in the search for improvement. In the context of the research, this step has been 

made later in the process to avoid offending the feelings of the site crew. From the 

experience gained, it is proposed to validate engagement as early as possible; this 

phase can be related to the ñelimination of burdensò in The Machine That Changed 

the World  (Daniel T. Jones  and Daniel Roos 1990). See 6.1.4.3 Creating a sense 

of urgency and engaging the crew. 

1. 

2. 
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 Diagnose the situation 

From perception to improvement, by measuring the actual situation. On the basis 

of ñbad news early is good informationò, a measurement of the actual situation helps 

lower passions and human perception bias. See 6.1.2 Diagnostics: clarification of 

the problem. 

 

Create a favourable environment  

From the researcherôs experience gained through this research, the application of a 

5 S approach (see 6.2 5Ss on site: development of research Stage 1.2) is a must as 

the first operational step. The actual action research started with the implementation 

of the LPS as a scheduling tool. It is proposed to move to this step after the site has 

been made more readable and organised, not to mention H&S approved, by the 

application of 5S to maximise the tangibility of the results of the following steps. 

 

Create a learning process with the application of the LPS 

Through the implementation of a weekly work plan, the focus can be made on the 

flow of works and on the weekly engagement with the shop floor and on 

understanding the actual difficulties by measuring the scheduling performance on 

site. Learning from mistakes becomes a weekly routine and an improvement 

approach can be promoted. See (6.1) Beginning with LPS: development of research 

Stage 1.1 . This step was undertaken first based on the experience gained in this 

research; it is proposed to first start with 5S and then to focus on the scheduling. 

 

Make tasks and activities ready 

Once the environment on site has improved and is readable and the schedule is 

stabilized, the tasks or activities comprising the schedule must be thoroughly 

anticipated and prepared. The application of a make-ready approach helps stabilise 

the schedule by reducing the probability of making do on site from lack of 

resources. See 6.3  Focus on make ready: development of research Stage 1.3. The 

importance of a rigorous spatial organisation and procurement routine is 

highlighted by the implementation of the approach. 

 

3. 

4. 

5. 

6. 
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Design and technical improvements 

When procurement and production flow on site have improved through the steps 

below, if the technical possibility still exists, the design can be questioned from an 

operational point of view See 7.1 Raisers technical improvements: development of 

research Stage 2.1. From the experience gained from this research, the importance 

of improving the design is crucial not only to ease the work of the workmen but 

also to get the engineers, architect and the client on board and be part of the solution. 

The effect of seeking improvements in the drawings destabilised a team that was 

not used to being questioned. The crew mentioned in step 2 Validation of the real 

engagement to change or make the system evolve is consequently enlarged for a 

larger effect.  
 

 Create a steady production pace  

The adoption of takt time coupled with kanban helps maintain a controlled flow of 

work that can be designed to be as steady as possible in a search for the stability of 

production on the site. See 7.3 Takt planning: Development of research Stage 2.3 

and 8.1 Human factor bias: introduction of discipline and kanban, respectively.  

 

Stability indicators  (index) and learning 

Improvements in the production flow can then be better followed and more 

precisely measured. Weekly physical progress is a simple and immediate measure 

that can be initiated on site. The exploitation of these measures provides tangible 

insights into the works stability. See 7.2.3 Developed solution ï weekly progress 

stability indicator.  The effects of the actions on site can then be better followed up 

and the learning curve can be fed by the feedback. 
 

 Prepare for the next iteration cycle 

The whole experience can then be implemented in a management dashboard and 

the approach closed as a first top-down/bottom-up iteration cycle; top-down as the 

approach has been triggered by the client and bottom-up as the approach is fed at 

the highest level by shop floor information.   

7. 

8. 

9. 

10. 
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The following chart is a summary of the proposed approach, adapted with the 

researcherôs experience gained throughout this research into improving the production 

workflow on real estate development construction sites made by SMEs. 

 

1. Identify the problem of the research 

 

2. Validate the real engagement to change the system 

 

3. Diagnose the situation 

 

4. Create a favourable environment  

 

5. Create a learning process with the application LPS  

 

6. Make tasks and activities ready  

 

7. Design and technical improvements 

 

8. Create a steady production pace  

 

9. Stability indicators (index) and learning 

 

10. Prepare for the next iteration cycle 
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5 Complements  

From Chapter (1), Introduction, through to Chapter (4), Research processes, the thesis 

increases the readers understanding of the context of the problem and how it has been 

addressed in the context of this doctoral approach.  

 

This chapter complements the latter and helps the reader fully understand the research 

undertaken in the context of this thesis, from the background of the construction 

projects to the research summary through the problem of the client (a real estate 

developer) and the source of the research (3 blocks of real estate development). This 

chapter is constructed as follows: 

 

- Section (5.1), Background of the project , presents the main elements of the   three 

phases of a 3-block real estate development project that started 10 years ago, on 

which the researcher has based the research presented in this thesis. 

- Section (5.2), Problem of the practitioner (a real estate developer), introduces and 

develops the problem shared by the client and the reason for seeking help in 

searching for an improvement in the current situation.  

- Section (5.3), Grounds of the research: focus on the 3-block real estate 

development site, narrows and presents the three blocks where the research was 

undertaken and provides the reader with a context and understanding of the sites.  

- Section (5.4), Research summary, summarises the approach followed by the 

researcher and concludes the chapter. 

 

This chapter is followed by Chapter (6), Case Study of block 1: inception of lean, 

Chapter (7), Case Study on block 2: Development of the solution and Chapter (8) Case 

Study on block 3: further development of a pull flow system, which develop the 

research and findings made on the three blocks. 
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5.1 Background of the project 

This section complements the presentation of the project made earlier in the thesis to 

provide the reader with more context of the research. The project, which is the focus 

of this case study, involved the construction of three blocks of a total of 140 apartments 

in a suburb of Brussels in Belgium. This 3-block phase (representing Phase 3) was the 

last of a 10-year development project; hence, a previous sample of 200 apartments had 

been erected the traditional way in two phases (Phase 1 and Phase 2). 

 

 

Picture 3.7.4-1   Aerial view of the  3-phase project 

The real estate developer, the Client, is a subsidiary of a large renowned Swedish 

developer (2.500 employees, ú1,500 k turnover) that operates across Scandinavia and 

has an extensive track record of successful project completion. Their quality, costs and 

planning indicators are well above the average in the construction industry, with a 

mean of 70% of apartments delivered snag-less. The table of the following page 

illustrates this. 

Phase 1 

Phase 2 

Phase 3 
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 The real estate developer kept track of the incomplete apartments at completion (i.e. 

works yet to be completed at the due date) and of the imperfect apartments (i.e. with 

snagging works to be completed after delivery to the owner). The average, per 

apartment, of works still to be completed (unfinished at completion date) was 7.6 and 

the average of unsatisfactory works (snagging) was 8.3. Thus, the number of works to 

be either completed or made good before handover to the owner was > 15. From the 

interview with 10 real estate developers acting in the same area and business as the 

Client, with the same kind of contractors, this measure was considered an industry-

classic mean. Most of the developers interviewed considered this low-quality standard 

as inevitable, intrinsically grounded within the construction industry.  

Table 3.7.4-1 Number of snag works per apartment per phase 
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5.2 Problem of the practitioner (a real estate developer) 

While Section 5.1, ,Background of the project complemented the context of the 

project, this section complements the problem presented earlier in (4.1), Problem 

diagnostic and development, and provides the reader with more context of the 

research.  

 

In 2015, on Phase 2, the Client chose to go beyond the prevailing thatôs-the-way-it-

goes mentality in the construction industry and initiated an anticipated snag-detection 

system. This system consisted of systematically searching for faults and incomplete 

works (pre-pre-snag) three months before the completion date and doing the same 

again two months later (pre-snag), so that the snag list would be as limited as possible 

at completion. This system decreased the number of snags at completion to 2.3 per 

apartment, which was considered a success in comparison to the average of 15 

commonly accepted previously. The downside of the system was the high cost of 

human resources that the developer had to allocate to obtain the results. Two engineers 

had to work full time to achieve the aim; their costs brought down the overall benefit 

of the result. 

 

The developer then sought a more systematic, structured way to achieve better quality, 

lower costs and reduced time and discovered the lean philosophy. I was subsequently 

appointed as a consultant to develop a model that would help them deliver the 

apartments with outstanding performance (i.e. beyond current standards) in terms of 

cost, time and quality. The final three blocks (Phase 3) were used as a living laboratory 

for the doctoral research of the author. The lean theories would be applied on site, and 

the site measures would feed the research in iterative cycles. 

5.3 Grounds of the research: focus on the 3-block real estate development site 

While the previous sections of this section have provided complements to the context 

of the research and to the 10-year real estate project, this section focusses on and 

develops the readerôs understanding of the final phase of the three blocks where the 

doctoral study is grounded, time and quality time were to be improved. 
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The last phase of the 10-year construction project comprised the construction of three 

consecutive blocks, planned from 2013 to 2018, as presented below:  

- Phase 1 Block 1: 35 apartments, from 2013 to 2015 

- Phase 2 Block 2 : 65 apartments, from 2015 to 2017 

- Phase 3 Block 3: 40 apartments, from 2016 to 2018  

 

 

Figure 3.7.4-1  Aerial view of the three blocks of Phase 3 

As part of the mission of the researcher as a consultant, I was challenged to design and 

build a practical solution to address the problem of poor construction efficiency 

(extended delays, additional amendments, quality issues and extra cost). The client 

had the intuition that this would be made possible through better planning and an 

optimised building process. The researcher was appointed for this project from phase 

to phase, over a period of more than three years: from April 2014ïJuly 2017. The 

works in block 1 had already started by the time of the researcherôs appointment as a 

consultant. The concrete works (elevation walls) were in progress on the 4th floor 

research inception. 

Block 1 

Block 2 

Block 3 
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5.4 Research summary 

While the previous sections of this chapters have provided complements on the context 

and problem of the client, this section summarises the research to provide the reader 

with a global understanding of the path followed by the researcher over the 

construction of the  three blocks of real estate development. 

 

On each block, the research followed the following cycles:  

- 1. diagnostic,  

- 2. action planned,  

- 3. action taken, and 

- 4. evaluation of the action.  

 

To link each block and grow the chain of evidence, two steps were added at the end of 

the cycle: 

- 5. learning and  

- 6. questioning to initiate the next action research cycle.  

 

Thus, the researcher based the actions of a long-term lean construction consultancy 

mission on a scientific approach under the direction of doctoral studies. This format 

helped bridge the two worlds of academia and practice, the former with the latterôs 

inputs and data and the latter with the formerôs structured and scientific approach in 

the search for an answer to the shared problem. 

 

The tables on the following pages, Table 3.7.4-1   Action research cycles made in 

Block , Table 3.7.4-2  Action research cycles made in Block 2 and Table 3.7.4-3

 Action research cycles made in block 3, present the logical path and steps 

undertaken from the diagnostic of the first action research in Block 1 (Action Research 

1.1) to the question that introduces the third action research (Action Research 3.1)  
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Block 1 Research 1.1 Research 1.2 Research 1.2 bis Research 1.4 

 

(1)  

Diagnostic 

Site works highly 
unstable and 
desynchronised, low 
visibility of the 
structural works 
schedule 

Delays (and root of 
lower PPC) mainly 
due to labour 
congestion on site 

PPC fluctuates and 
should be stabilised to 
ensure works stability 

Lack of activity 
fathers work 
desynchronisation 
despite high PPC 

 

(2) 

Action 

planned 

Start the 
implementation of 
LPS by weekly work 
plan (WWP) meetings 

Initiate 5S on site 
Analyse the root 
causes 

Continue the 
implementation of 
LPS to the next step 

 

(3) 

Action taken 

2-hour training in lean 
construction with the 
foremen, setting of 
the rules of the WWP 
meetings 

Start 5S with the 
first S: evacuate 
the waste 

Systematic 
questioning of the site 
foremen, ófive whysô 
analysis when 
possible/appropriate 

Introduction and 
implementation of 
ômake readyô to the 
trade project 
managers and 
determination of the 
theoretical works 
sequence and unit 
time.  

 

(4) 

Evaluation 

of the action 

Works commitment 
on site (PPC) 
doubled in the first 
month, continued to 
grow thereafter 

PPC continued to 
rise, though 
unstable from one 
week to another 

PPC levelled 
PPC kept high, 
works stability 
improved 

 

(5) 

Learning 

A clear understanding 
of the ôwhyô and 
favourable meeting 
conditions are key to 
first lure the foremen, 
who will then come 
naturally to the 
meetings, which are 
kept short and useful 
for their daily 
organisation 

A clear working 
area helps the 
foremen be aware 
of their own issues 
and that of the 
others, which 
eases mutual help.  

Immediate answers 
hide real difficulties 
faced by the foremen. 
A natural tendency to 
not present the 
constraints and bad 
news early. The most 
accurate and usable 
answers (in a 
continuous 
improvement goal) 
came from the 
foremen, not from the 
project managers. 

The works can be 
desynchronised 
despite a high PPC 

 

(6) 

Question to 

initiate the 

next action 

research 

cycle 

What prevents site 
commitment (PPC) 
from rising? 

Why is PPC 
unstable? 

Why is work running 
late vs schedule 
despite a high and 
levelled PPC? 

What can be 
improved in the next 
block (Chopin) that 
has slowed work in 
this block? 

 

Table 3.7.4-1   Action research cycles made in Block 1 
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Block 2 Research 2.1 Research 2.2 Research 2.3 Research 2.4 

     

(1) 

Diagnostic 

Work in the raisers 
has been a 
bottleneck at the start 
of the work and has 
delayed the whole 
progress of Block 1. 

The work is still 
unstable despite a 
high PPC and 
technical 
anticipations. 

Accelerations and 
decelerations in the 
pace of the work is 
measured from one 
apartment to the next, 
from one week to the 
next; last planner is 
not enough 

The pull system 
based on takt time 
requires discipline. 
Despite that, flow 
consistency 
improves, site 
congestion becomes 
again an issue. 

(2) 

Action 

planned 

Technical 
optimisation and 
micro-planning of the 
works in the raisers 

Compare the 
theoretical and 
actual works 
progress. 

Determine a pace to 
align all trades to and 
develop a 
complementary pull 
system. 

Develop further the 
pull system by 
integrating a kanban 
system (discipline by 
visual management). 

(3) 

Action taken 

Special collaborative 
meeting with the 
M&E+ structural trade 
foremen and project 
managers 

Determine a model 
to calculate the 
theoretical weekly 
progress for each 
apartment in a 
stable flow vs 
weekly progress 
measurement on 
site 

Calculated a takt time 
that should allow each 
trade to complete its 
works in a single 
apartment. Initiate takt 
planning following 
Frandsenôs 5 steps 

Develop a table 
displayed on the wall 
of the site meeting 
room with sticky 
vignettes (kanban) 
for the next trade in 
the queue, mainly a 
communication tool 

(4) 

Evaluation of 

the action 

A truly collaborative 
spirit has allowed 
trade-offs. The 
raisers work was 
optimised and 
prepared well in 
advance. 

Permitted to find 
distortions between 
theory and actual 
physical progress  

Measured works 
stability, doubled 

Individual and 
collective 
improvement on the 
state of the site and 
self-commitment to 
follow the rules. 
Work stability 
doubled. 

(5) 

Learning 

The project managers 
are not used to 
addressing issues 
well in advance; a 
trade-dedicated 
preparation could 
have eased the 
process.  

A high and stable 
PPC does not 
necessarily 
stabilise works. 

It is somehow possible 
to apply takt time to 
the construction 
industry: early key 
success factors 
identified. 

Discipline can be 
eased by a simple 
effective visual 
management 
system.  

(6) 

Question to 

initiate next 

action 

research 

cycle 

Technical 
optimisations enough 
to stabilise the 
works? 

Can the trade 
workers progress 
in a continuous 
and constant 
(stable) flow on 
site, such as the 
cars in a factory? 

How to ease the 
managerial process of 
keeping the takt 
system? 

Is this system 
duplicable in the next 
block? (Block 3) 

Table 3.7.4-2  Action research cycles made in Block 2 
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Block 3 Action Research 3.1 

(1) 

Diagnostic 
Lack of discipline and human bias inserts lack of reliability on site 

(2) 

Action 

planned 

Test the application of a visual and simple tool that would enforce 
discipline (insert a constraint into the system) 

(3) 

Action 

taken 

Test the application of a visual kanban 

(4) 

Evaluation 

of the 

action 

Variability decreased 

(5) 

Learning 
Kanban can be successfully applied 

(6) 

Question 

to initiate 

next action 

research 

cycle 

How can kanban be generalised to the other stakeholders (architects, 
technical specialists, etc.) to improve upstream information flow stability?  

Table 3.7.4-3 Action research cycles made in block 3 

The next sections detail the above table and focus on the developments and 

instantiations of the model developed by this research. They are structured to follow 

the five steps by Peffer et al. (2007): namely (a) problem identification, (b) definition 

of the objectives for a solution, (c) design and development, (d) demonstration, and 

(e) evaluation. As part of a sixth step, (f) communication (of the artefact to relevant 

audiences such as researchers and practicing professionals), this thesis and publication 

of the findings in academic papers will help disseminate the information into the 

research community, and the industry conferences held in 2015, 2016 and 2017 in 

Paris (FFB Conference), Brussels (CCI Conference), Wallonia (Chambre des Metiers 

Conferences), Bordeaux (FFB Conference), Melun (FFB Conference), Luxembourg 

(LIST Conference) and Geneva (Induni Conference), giving professionals concrete 

examples of achievable results. For the sake of clarification, and to ease the reader in 

following the demonstration, the author has added three paragraphs for each chapter 

(instantiation): introduction, data collection and demonstration of the solution. 
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The next chapters (6), (7) and (8), follow the same eight steps path (where relevant):  

- 1) Introduction,  

- 2) Diagnostics, clarification of the problem,  

- 3) Definition of objectives for the solution,  

- 4) Develop solution,  

- 5) Action taken,  

- 7) Demonstration of solution,  

- 8) Evaluation of the research solution. 

 

The following chapters, Chapter (6), Case Study on block 1: inception of lean, Chapter 

(7), Case Study on block 2: Development of the solution, and Chapter (8), Case Study 

on block 3: further development of a pull flow system, develop the research and 

findings made on the three blocks. 

6 Case Study of block 1: inception of lean  

This Chapter is composed of four sections. 

o Section (6.1), Beginning with LPS: development of research Stage 1.1, presents 

the inception of the research with the introduction of the weekly work plan of 

the LPS as a first step in the search for a solution to the clientôs problem as 

presented in Section (4.1), Problem diagnostic and . 

o As the Last PlannerÊ System through the application of the weekly work plan 

was not sufficient in itself in the latter stage, the research was continued. 

Section (6.2),  5Ss on site: development of research Stage 1.2, introduces how 

the 5S approach has been applied on site. 

o As the 5S and WWP were not sufficient and procurement issues were detected, 

the research was oriented to the anticipation of their delivery on site. Section 

(6.3), Focus on make ready: development of research Stage 1.3, presents the 

development of the application of the make-ready phase of the LPS 

o Section (6.4), Section summary, summarises the chapter on the research  

carried out on block 1. 
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Then, Chapter (7), Case Study on block 3: further development of a pull flow system, 

and Chapter (8), Case Study on block 2: Development of the solution, develop the 

research in the  two blocks which follow.  

 

The research has been grounded on a real estate development project that comprised  

three blocks: block 1, block 2 and block 3. This chapter describes the research that has 

been undertaken on block 1.  

 

The aims of this chapter are as follows: 

o To better understand the root causes of the problem when looking to improve 

work synchronisation in the construction process; 

o To develop how the research has been implemented in practice while being 

linked to the fundamental academic methods and identify the main 

foundational concepts that would help grow an understanding of the current 

situation and of the models to be applied; 

o To describe and justify how the methods have been tested, given the very 

limited literature on the application of the approach on a real estate construction 

site run by SMEs; 

o To explain and describe the limits of the application of 5S and LPS and, hence, 

the need to further develop visual and flow management.  

 

The picture in the next page illustrates the end product of block 1 as handed over to 

the owners of the apartments/ 
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6.1 Beginning with  LPS: development of research Stage 1.1  

6.1.1 Introduction  

The following sub-sections show how the lean journey started and how the move 

toward flow stability was carried out by the researcher from a situation where the site 

had already started (the structural works were ongoing at the 4th floor at the beginning 

of the action research) to a new system based on takt planning and kanban methods 

through action and DSR cycles from block 1 to block 3. 

Block 1 construction was carried out between September 2014 and December 2015. 

As the initial research stage, research on Block 1 focused on testing an existing flow 

management tool (i.e. LPS) as a means of stabilising the production flow. Block 1 

involved the construction of a block of 35 residential apartments. The project was 

managed by the property developers themselves, performing the role of project 

Picture 3.7.4-1: Block 1 building completed 
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managers, with whom each contractor had a separate contract (i.e. no general 

contractor oversaw the site management). Eight principal subcontractors were 

appointed to build most of the building block. Bradyôs (2014) research field and 

environment are quite similar to those in which this research has been undertaken 

(mid-size sites made by SMEs). Brady (2014) advocated that the project could be 

completed under the target cost through better coordination between the contractors 

and through an optimised planning and building process.  

6.1.2 Diagnostics: clarification of the problem 

The research process started with an attempt to identify the original problem which 

was perceived to be a lack of work planning leading to low quality and increased costs 

at delivery or handover. The first step was to develop an understanding of the current 

situation and link the observed reality to a theoretical perspective. A first review of the 

literature that addresses the problems was carried out, but only a limited part of the 

extended literature applied to the relevant environment which was real estate 

development sites run by SMEs with direct contracts with the owner: no general 

contractor or external project manager to oversee the construction process and take 

responsibility for the time, quality, costs, and H&S performances. The literature 

review focused on work synchronisation, flow theories and work-levelling methods.  

 

While the literature review helped better understand the theoretical aspects of the 

problem and gain insight from previous research, an important step was to analyse the 

first data gathered on the initial state of the site. Indeed, when I started working on the 

site, the concrete work had already begun, and a structure of three of five floors was 

already erected. Other data were collected from the construction site (photos, 

interviews, measures of waste, daily coordination problems, etc.) and later reviewed 

to link the observed reality to the theoretical issues or past documented experiences. 

The literature review, in the light of the practice as audited (and vice versa), helped 

identify the first layer of the problems that the construction site faced. As Tezel (2019) 

pointed, the vast majority of the literature on LC made by SME is still related to the 

operational aspects of a lack of work synchronisation and of adequate site layout. 
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6.1.2.1 Poor master planning optimisation, lack of activity overlaps 

The WWP was drawn up following the recommendation of the LPS. Only the tasks 

that started and ended the planned day were noted as completed promises. In this case, 

and only in this case, the figure ñ1ò was inserted for the line of work. Although this 

figure was normally used to signify that a task had been started or had ended earlier or 

later or not started or completed, the researcher used it to indicate that the promise was 

completed. The works were collaboratively noted as completed or not completed by 

the contractor in charge and the company next in sequence and by the client. A task, 

when noted ñ1ò, or completed, met all the criteria required to avoid snagging works 

that would result in the misallocation of the task as having been completed. This task 

was considered ñdone, doneò to indicate that it had been 100% completed. The status 

of any promise scheduled in the WWP could only be considered as 0 or 1 in a binary 

system: completed or not completed. These only two scenarios are illustrated below:  

 

 

Figure 6.1.2-1 Example of weekly work plan in block 1-A 
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o The red highlight in the graphic above illustrates a task promised to start on 

19/06 and to last for two consecutive days (see the upper crosses in the calendar 

box of the highlighted line). The task started on 20/06 and continued until 24/06 

(see the lower crosses in the calendar box of the same line). So, although the 

task was completed in the course of the week, the promise could not be 

considered ñcompletedò and, therefore, it was annotated ñ0ò in the table (red 

circles). 

 

o The green highlight illustrates a task promised to start on 23/06 and to last for 

two consecutive days (see the upper crosses in the calendar box of the 

highlighted line). The task did start on the 23/06, continued and then ended on 

24/06 (see the lower crosses in the calendar box of the same line). Given that 

the next trade was happy with the works done, the promise was considered 

ñcompletedò and, therefore, the task was noted ñ1ò in the table. 

 

The first measures showed that the works on site were highly unstable and 

desynchronised, and the existing planning for the structural workers lacked visibility: 

the first three measures of the promises made under the inception of the LPS, 

completed by the site foremen before its implementation, showed levels between 10ï

20% of PPC.  

 

Such a level indicates that the vast majority (80ï90%) of the work undertaken in a day 

was not planned for that day during the previous week. The overall planning was 

following the CPM, but that planning was four months old and needed to be updated 

to take into consideration the actual constraints of the project and their impact on the 

synchronisation of the works.  
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It is to be noted that the site was largely congested by materials, tools and over-storage 

and that safety needed to be improved. The lack of transparent planning had led the 

developer (acting as project manager) to focus on the physical progress made weekly 

following the well-disseminated view in the construction industry: òAll that is done, 

is doneò, a typical push site-management system.   

  

Picture 6.1.2-1 Illustration of the initial state of the works environment of block 1 as audited by the researcher ï 

Unsafe, congestion, overloaded of unused materials and wastes 
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While the structural work was almost done on the fourth floor, the M&E works could 

not start, given the installation of the windows and waterproofing (even temporary) 

works were not anticipated. Hence, the mason was almost alone on site, with the M&E 

works planned to start in the next sequence. This lack of activity overlap prevented the 

site from increasing the level of productivity, even though the ground floor, the first 

floor and the second floor were ready for the next tradespeople. 

 

According to the client (acting as project manager): ñThe crews would show up at the 

area of work according to macro-sequences, very often finding that other trades had 

already taken possession of the area or that they were blocked (with the materials left 

in place) because another trade should finish its works first before the next in the queue 

could start hisò. As illustrated above, the macro-planning was so poorly defined 

(sequences of macro-sequences of the concrete works with limited inputs on the 

second trades) they were open to interpretation for most contractors, who were 

working ñwhereverò, without following any flow on-site. The subcontractors were 

Picture 6.1.2-2 Illustration of one the one-trade-at-a-time works planning in the previous phases 
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mainly working in areas ò where it was possibleò, or òwhere it is convenient today 

regarding the resources on siteò rather than where they should have been work with 

the proper materials.  

From his own assessment, the client, acting as project manager, was then putting great 

effort into making the contractors do òsomeò jobs based on daily coordination, 

flexibility and the rearrangement of activities. It is clear that the master plan was of a 

limited use, and created more confusion than unity.  

 

 

Figure 6.1.2-2    Illustration of the sequence of the works thought as ñone-trade-at-a-timeò in the 

previous phases 
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Interestingly, the master plan remained the only contractual document for determining 

whether a contractor was early or late in their works and, of course, in these conditions, 

the delivery date was uncertain at this stage. Notably, the whole project management 

team (the client, the architect, the engineers, and the contractorsô site managers) spent 

more than half a day each week in a so-called coordination meeting. Each player 

offered feedback on the current situation and the constraints for the following period 

(usually, a month), reviewed the master plan, pointed out the delays and outlined mid-

term milestones (two to three months ahead). The developerôs team had a central role 

in organising and coordinating the works and in keeping track of the delays of each 

trade as they related to the master plan. Despite these recurrent meetings and efforts, 

site management still had a limited understanding of the work being done on site and 

how to coordinate the next steps to deliver on time.  

6.1.2.2 Desynchronised works 

At the beginning of the mission (and research), the data from the master plan were 

reviewed together by the researcher and the client, comparing where companies were 

planning to work and establishing whether they were carrying out the work as planned. 

The researcher made a visually detailed audit of the current situation, noting for each 

task (or activity) whether the works as seen on site were being done too early, on time, 

or too late.  

 

Measuring the difference between the planning of the macro tasks and the reality of 

the progress on site helped better understand the level of desynchronisation. The 

illustrated plan (see below) shows that of the 113 tasks measured on site (13 typical 

macro tasks per floor), 84 were late (4 weeks, on average), 8 were ahead of schedule 

(3 weeks, on average) and 21 were progressing on time (+/- 1 week). Next page 

presents the actual document on which the Client based the follow up of the progress 

made on site. For sake of authenticity, and despite much unreadable, it has been kept 

as it is. This illustrates the low attention that was given to the works follow up in the 

context of the beginning of this research by the Client. 
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Figure 6.1.2-3 Illustration of the measure of progress of each macro task. 

- The actual document is not more readable, kept as is for sake of authenticity. Illustrates the un-readability of the planning  -  - 
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6.1.2.3 Lack of engagement to improve the current situation 

o From the latter data, it can be seen that a relatively small number of the tasks 

were being carried out according to plan: Percentage of activities too early: 7% 

o Percentage of activities on time: 19% 

o Percentage of activities too late: 74%. 

Some activities were more than 40 working days late, no rework of the sequence had 

been made, nor any identification of the critical path. The impact of the tasks which 

were too early or too late was not measured; hence, the works in progress on site were 

desynchronised, with each contractor working mainly òwhere they couldò. 

6.1.2.4 Serious safety issues  

The push system observed in place forced the site foremen to focus on production, 

leaving safety aside from their own assessments. During the initial audit, the researcher 

noticed many dangerous situations (several on each floor) that could have led to lethal 

consequences. The greater risks mainly originated in holes and missing handrails 

across the whole of the 5-floor building site, as illustrated in the following pictures. 

 

Picture 6.1.2-3 Safety issue noticed in Block 1 at beginning of the research., 3rd floor 
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Picture 6.1.2-4 Safety issue noticed in Block 1 at beginning of the research (handrail missing) 

 

Picture 6.1.2-5 Safety issue noticed in Block 1 at beginning of the research (handrail missing,. 4th floor 
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Picture 6.1.2-6 Safety issue noticed in Block 1 at beginning of the research (handrail missing), 4th floor 

 

Picture 6.1.2-7 Safety issue noticed in Block 1 (anti-fall protection missing), 5th  floor 
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The client had appointed an independent health and safety officer and inspector on 

site, who paid weekly visits to the site. These visits could be compared to gemba walks 

in that the inspector went on site, sought out dangerous situations that could be 

improved, gave verbal and written recommendations, and provided a report after each 

site visit. The reports for the three months preceding the start of this study contained, 

an average, 14.5 remarks, amongst which 3.2 were very urgent or critical. No 

improvement was observed nor noted by the inspector, despite his reports. This record 

confirmed the severity of the safety issues detected by the researcher. 

6.1.2.5 Low visibility of site layout and inventory 

Despite the high volume of human resources (35 workers solely for the concrete works 

on a 35-apartment block was considered high by the project manager for such a 

project), the majority of the tasks were late. The workmen interviewed on site shared 

the difficulty of finding materials and tools to execute the works they were allocated 

in the morning. There was neither a clear site layout nor a storage area. 

 

Picture 6.1.2-8  Safety issue noticed in Block 1 at beginning of the research: no pathway, iron bars unprotected, busy 

floor, risk of fall, ground level 
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Picture 6.1.2-9 Safety issue noticed in Block 1 at beginning of the research: no pathway, iron bars unprotected, busy 

floor, risk of fall, ground level 

 

Picture 6.1.2-10 Safety issue noticed in Block 1 at beginning of the research: no pathway, iron bars unprotected, busy 

floor, risk of fall, ground level 
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Picture 6.1.2-11 Safety issue noticed in Block 1 at beginning of the research: no pathway, iron bars unprotected, busy 

floor, risk of fall, ground level 
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Some materials were used as tools (plaster blocks are being used as props in the  

picture below), increasing confusion on site and preventing the workers from working 

with the needed resources.  

Other measures of distances walked by a worker performed at the beginning of the 

research showed that a worker walked 17 minutes without any apparent or shared 

reason. The researcher went up the crane and observed, kept a log and interviewed a 

Figure 6.1.2-4 Safety issue noticed in Block 1 at beginning of the research. Risk of collapse, 3rd 

floor 




































































































































































































































































































































































































