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Abstract

Objectives: The objectiveof this thesis is tainderstand the effects of the application

of flow-based managemenystems on mediurs i z e  s-50t ndllion wWork 2
turnover) mad by mediunssized companies (2000 employees)lhe purpose of this
research is to develop and evaluate a pull schedulingnsylsésed orthe Last
PlanneE System (LPS) to improve production flow stability of real estate
developments made by SMEs. The research investigates the application of pull
systems from manufacturing industraasd thosehat have not been fully tested ireth
construction industryMethod: A threeblock real estate development project in
Brussels was used to ground tumtext wherection researctwaschoseno initiate

the researchAction research follows an ascending spiral that consists pifases
descibed in 1991 by ZubefSkerrit: 1) planning, 2) acting, 3) observing and 4)
reflecting. Once the first circle isitiated, the four activities lead to the next cycle.

The reflections phase of circ(e) thenleads to the planning phase of cirte-1).

These loops can be derived indefinitely or at |@dste the research has not mitt
objectives. Passing from action to critical reflection and back and vice versa in a
cyclical process helps buildwider view and a greater understandihgthis conéxt,
threeaction circles wereonducted. Irthis way, the methods, data and interpretation
were continuously refied (Dick, 2002). The sequential development of theee
blocks made by the same teams eased the process of capturing insights from a phase
and building anoptimal scheduling process. A lack of worgganning,and progress
understanding was found to be a major issue when the research started on the ongoing
works of the firsblock 5S and LPS were tested as a nsedimproving construction
works planning at both the physical and managerial leVéis.application of the first
threeSs(sort, set, shine)yielded animpact onrespect for the workite but were not
sufficient to significantlyaffectthe planning The application of the firgtvo stepsof

the LPS fasterplanning, phase planning anthkeready) showed improvement but
were also limited in their impactin the searchfor planning reliability. On-site
measurements showed that despite a pagoentag@lan completion(PPQ score in

the LPS analysis of thgrogressof each apartmerghowed highvolatility from one
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week to the next This volatility came from a laclof visibility in the scheduling
systemAlthoughthe progress of each week was determined by whaaind should
havebeesndone based on the LPS, mateucturein the schedulingystem and more
reliability in the forecasts of the works were needed to increase the works stability.
Given thattakt time ha been successfully used in the manufacturing industry to
address variability in the demanaind that significant similarities exist between a
construction site and a manufacturing line, it was decided tthtesis a complement

to the LPS in the resedrcaction taken onthe secondblock of the building
development. Encouraging results were measured, asdeoworkin this blockwas
improved.Findings: it was found that the disciplineeededo respect the system, the
rules and sequence of the work deahad highlevel 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 interpretationdalead works in a pull flow. Manufacturirtgas
successfully used a simple but efficient system namethdn to achievelevel
production and ensure a fully pulled system in a variable demand environment while
limiting the sources of errors. The thiotbck proved thasuch amethod carwork in
conjunctionwith 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 inBlock 2, therehas been a reduction of nga20% of the lead time measured

and a significant increase quality ¢he number of snagging works decreassd

95%). Therefore the stess on the site management tedetreased (captured by
interviews). The early findings and encouraging results are signs of the importance of
the research undertakdnmitations: The research has been condudedraditional
sitesregardingtypology, size, techniques, management stime; and contractors, so

the findings are addressed tavale audienceacrossthe construction industry. The
limitation of the research comes from the domain of the construction observed: real
estate in BelgiumAlthoughit is highly probable that thesuesdetected on site by the
research and the mechanisms used to address ifso@sare duplicable in other
domains of the construction industry, there is, at this point of the research, no clear

evidence.
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1

11

I ntroduction

Introduction

This section provides lackgroundto the research presented in this thesis. The first
chapterpresents the complexityf coping withcontractual delays in th@onstruction
industry andhe problem ofvorks schedule predictabilitf¥hen the rationale presents
the reason for the researdltine aimandobjectives and limitations are then addressed.
The research plais presented before a description of the content of the thesis

concludes thintroduction

This research aisito improvestability in theworkflow on a constructionsite based
on lean concepts. Theesearch is grounded in previocantributiors to stability in
boththe manufacturing industryHondhal 1961, Ohno 1988, Glohtt 1990, Gadratt
1997, Liker2004, Smalley 2011) andn the constructionindustry (Ballard 199,
Ballard 1998 Ballard 2000, Koskela 2000, Koskela 2004, Koskela ZDdrhmelein
1999, Ballard 20@, Smalley 2011 The scopeof this researclis narrowed to the
common residential developments made dogall and mediursized enterprises
(SMEs.

The research also presents and consrtir@more recensystematic literature review
on the application of lean tools by SMEBezel 2019)o fill the literature gapand

offer theresearctas acontributionto the body of knowledge

The restof the section presents the personal motivatiteit by the authowho has
spent a significant part of his professional lifenamessto theinefficiencies in the
construction industry whilemployed as aexecutive in large companies asugactor

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 oretimder theerms of theontractual
agreement between thigent and the contractarblowever, construction is a complex,
nonlinear and dynamic phenomenon, which makés g#gome degreanpredictable
(Bertelsen, 2002). The whole industry functions in actit environmentand tis
situation has lasted for so long that it has become a paradigm. Hence, this field of
research is compleXhe background of this reseal@s in more than a decaa the
authodb s pr of e s sas @ pragett manageriandieftogerating officer in the
construction industry for contractors and project management comp@iide 100+
construction projectacrossEuroper an g i n @ miflion ¢ w250million works
turnover and of various project typologies (newonstructions, renovationseal
estate, officg hospitalsfor public and privatelients)that the author or his teamave
directly monitoregdnot a singleonewasreportedio have beedelivered ortime, i.e,

on the contractual due dat€his failurehas ledtot he aut hor 0 sthisawar ene
situationshould change ano theinitialisation of PhD research to provide academic
robustness to the path thahould be developed and shared with the scientific

community

The abovaunderperformanchasalready beeiduly observed and documenteiiter
having closely observed and analysed the work of several contractors during the
construction phase of thengineeringprocurement, and construction (EPGf a
number ofindustrial projets, Ballard (1993) reportedn thepoor quality of the end
product andthat the significantdifficulties encounteredn the delivery processof
offsite resource@esign documenfsom theengineersplantequipment andaterials

from manufacturing supplis) cause widespreadlisruptionand waste.

Ballard (1993) arguedthat the construction industrigad not fully managed its
transformation(the shift from craft to mass productipior, in other wordsas it is

called in other industries such as in the automotive setter: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 se&fi@r observing and
analysing shop floveonstructionhe cameo the decisiorthat the lack of site project
engineerand the laclof standardin the dailywork methodsveretangible signs and
were fed froma historical and predominaht craft production modelin the
constuction industry. The craft modes deeply anchored aneimphassed in the
dominant belief that eaatonstruction is a prototypenethat intrinsicallyrequires
and values crafting as the most adapted and most valuable type of praduction

An analysisof the performance of 118 construction companies worldwide between
1995 and 2003Horta 2012)xhowed thathe construction industry stdlufferedfrom

low performance 10 years after Ballar@L993)seminal observati@aMellado (2019)

later demonstratd thatwhile performanceemains lowfollowing thetraditional iron
triangle of costime-quality, it is still the preferred method of analysing performance,
despite it being proven to be ineffectiallardd 4993 approachto planning and
measiring engagemengientifically under the LP&adstill not becomethe prevalent
approachn traditional construction companies

Henceit is likely thatwhatBallarddescribedn 1993, at the birth of lean construction,

remains the cageday onmost construction sites

The initial observationeand measuraens made by the author on threal estate
development site used in this resegChapter6) show asimilar situationafocus on
the costtime-quality triangle, poooverall perfomance and low levealof planning

reliability.

The research conducted here aimsbtong project management of real estate
development a more robust system of work coordingtianthe traditional critical
path method @PM) approach anthe more recent LB approachwith the eventual
aim of achievinghe on-time deliveryof projects.Koskela (994, Tommelein {999
and Ballard (20%) showedhatchaos and desynchraation can be found in all phases

of a construction site (engineering, designocurement, constructiorjut, while
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desynchrorgation gets amplified throughvarious stages the domino effect), the
research investigates the ultimate process of coordinating work on site. Any
construction project needs planning before, during sowetimes 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 aricbemental
requirements, new technologjesndthe number of parties involved (consultants,

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

1.2.2 Motivation for the research: improving the current production stability

of the works of SMESs on site

FollowingC h a n dHisencdesolutionary line in the theory of the firm (Chandler,
1992),Kapas (20083howedhatproductionfactoriesandprojectbaseddrganisatios

are social technologies thia&veevolved as part of the esvolution of physical and
social technologywhile the fictorymodelwas the original form of the capitalist firm,
the projectbasedorgansation modelwasconceived as mutantuntil the late 1980s
(Kapas 2008). Productvity had increased following successive refinemens
(compressiog) of the productiorcyclesin many indusiesthatwere ableto rethink
their operation process¢kapas 2008) These sectors (information, manufacturing,
warehousing, agriculturetc) leveragedthe use ofechnology inncomparablevays

in comparisorto the construction industry.

Teicholz, (2013) showethat thevalue added per employe&hich can be directly
linked to productivity and performancdas exhibiteddifferent tendenciescross
sectos. the valueadded per employee in tharchitecture, engineering and
construction AEC) industrydecreased whilé increagdelsewherde.g., it multiplied

by 10t in the manufacturing sechoidn his 2013 book abor-Productivity Declines in

the Construction Industry: Causes and Remedies (Another I(polP), Teicholz
describes the evolution of vakaglded per employee in various sectors from 1950 to
201Q as shown in Figure 1.1. TeichdR013)illustratesai r @radwtivityo gap ( or
fivalue per employé@egap between theconstruction industryand other industries.
Uponcloser inspectionit is noticeablethat, over timethevalueadded per employee
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decreaseth the construction industry.

Real productivity!, by industry in the US
Indexed; 1.0 = 1950
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Figure 1.2.21 Realproductivity by industry in the US (value added by employee) (Teicholz, 2013)

Nazarkoa and Chodakowskaa (20Khowed that measag productivity in the
construction industry was complex anditttarge differences in productivity levels

could be found fronusinganindicatorto another.

This researchfocused onplanning performanceather than on site productivity
planning performancés the capability ofan organisational systerto keepto its

planning

In 1993,Ballard explainedpart ofthe poor performanceén the construction industry
was a result ohow the planning systerhad beenconstructed to that poinMost
planning systemswere constructed offsite bya de-corelatedfrom-shopfloor
engineer.Thus therewasno surpise that the output (master aoddletailed planning
or programmejxould notshieldthe production on sittblom upstream variation and

uncertainty(delivery ofthe appropriate materiaénd tools, informatiofeing made
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availabe and adequateskilled workersbeing providedl These difficulties father
discontinuities in the flow of work and reworitsat oftenled to delays in theroject
and higher costghan expected or forecasted arfitence a diminution of the
productivity (Ballard, 1993)Howard et al(1989)hadalready pointeaut that high
costs due to fragmented decisimaking emerged from the increase inade

specialisatiorithat easedlexibility in the construction industry.

More recently,Koushki (2005), Sacks (2007), Guo (20@89)d Fayek (2013have
shownthat over the past 40 yeatdowever,several new and advanced technologies
have been applied to construction projects, the efficiency of the industry has remained
relativelylow.

An increasingly technologically complex environment requimgé skill levelsfrom
specialsed contractors. Meavhile, general contractors have shifted fromerseeing
production coordination to contraltokering (Tommelein & Ballard, 199Y),avhich

has exacerbated the fragmentatiothefparties and the tensions in their relations.

The above explains why cabnating the different trades and specialtstsielivera
project on timevasdifficult. To achievampeccableoordination, people and systems
need to work in a synergistic and sedfnforcing fashion (Collaborative Process
Institute,1997). The develapents of the internet and information technology (IT)
tools were envisaged as magic solutions to address coordination. To promote
teamwork relationships anithprove communication and coordination, partnering
sessions or similar teabuilding program€mmes be@n to occur more commonly in the
early 2000sfor example ProjectNet, Team Builder, ProjectPoint, Constructw@re,
and ProjectTalkThe tangible impact of thepeogranmes, despite hugeommercial
promises, haveyet to be demonstratedO®Brien (2000a)propcsed mappingthe
processes of athe participantsin the process as a better walfy determiningand
designng the tools that could be used irdaily operationdy the operatorsBallard
(2000) statedthat cetailed informatioron all aspects o&ite requirementshouldbe
clearly identifiel to ensure cordination 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: firepncerningphysical production resources
(e.g., labour, equipment, material, and space, where material should not only be read
as raw material but also as warkprocess [WIP]), and second ierms of
information. Architects and engineers now use powenffibrmation treatment
systems to crea@ndaddspecifications andealise 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 warergiv necessarily

the ones they need) to erect the product in the right glamying the right sequence

and at the right pacéowever,there is a significant gap between the way a site is
organised and the way the design and procurement phaseg@aesgd, coordinated

and monitoredTeicholz2004 retrieved2014);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 whil@provingthe management of the construction process.
For example, althoughomputeraided design (CAD) technology has improved the
efficiency of drawing, it cannot reduce design errors and these, in turn, can cause the
need fothereworking of constructionmakingit difficult to optimise the construction

process to reduamost.

To improve construction planning, one mbawe aclear understanding of the limits

of the current practice at different levels. In a classic system, a project planner builds
a project pla by determining an array of work sequences, task timelines and
interdependencies that fit the cli@tequirements. This document is then sent to the

contractors, who must respect it.

Although such plans are theoretically viable, in practiceésrabilty to keepto 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
resourcespeaks on site anthe unplanned reallocation of resources, siag an
imbalance (Kenley et al.,, 2009). This imbalance produces further work

desynchrorgationand multiple scenarios (Seppanen 2009, Frandson 2019).
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Under such circumstances,is likely that nultiple plansshould beenvisagedand
developedo successflly deliverthe constructioon time and on budget

The traditional approach to production planning is twofakcthe management level,
monthly (or weekly) milestones, targets and performance aims are discussed and set
as project baseliseto meet thecl i ent 0 s r Magteriplanaingeisnusually
drawn at this levelAt the shop level fte works are plannethily by the site manager
(or site foremanwho organises and coordinates the works on ksjteproviding
resources whereassessedo be appropriaé. The appropriateness of the site
organisation can be questiongdthis caseas although theweekly milestones are
usually set by the project managée daily organisatioremainamainly based on the
site manageis personal expeance (Swain 2013).For a SMEs, the production
planninghasa third level.The planningshould also satisfthe internal constrainof

resource allocatio(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 mainlyled the by professional experience tifose observinghe situation on si

(Choo 2003Ankomah 2017Tezel 2020.

It is often arguedn thecommon practice of project management in the construction
industrythat the flow principles and theori¢isat have beerdevelopedover a long

time by the manufacturingector {hichlaterledto lean managemerntannotdirectly

or indirectly be imported ito the construction industrythe latterprodudng only
prototypes, with no repetition in the processéss a belief thateach buildingis
different from the next, while in the manufagng industry production in series is
widely usedTakim, Akintoye, & Kelly, 2003). In this research, it is claimed that the
construction industry involves highly repetitive processes. The research conducted
here is grounded ithe previous work and exgrienceof 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 tacklmg feliability through
human commitment rathémanby complex computed tooler as it is calledthe Last
PlanneE System (LPS).

This research further investigates how flow systems can be imported into the
construction industry, in practice, and contit# to closing the productivity gap with

the manufacturing industry.

1.2.3 On the concept of flow stability

This paragraph introducesd discusse$ie concept of stabilitya key concegh this
study The Cambridge Academic Dictionary defingalslity asfia situation in which
something such as an economy, company, or system can continue in a regular and

successful way without unexpected changesc¢

It can be recalledthat in the early 1950$n Japan Toyota faced amongst other
production diffculties, terrible die changeover processpoor initial pars quality,
unreliable production partand extensive WiBetween processes as machine speeds

were not synchroeed to customedlemand.

Taiichi Ohno,the great architect afhat later became thioyota Production System
and providedthe foundation of the lean approgckxperimentedn the machine
intensive productioshops at Toyota Motor Corporation between 1950 and 1®55
try to improve the production tosland approads Art Smalley from the Lean
Enterpriselnstitute (2011) recalledthat Toyota learned the hard way that at the
beginning of a transformatiom great dealof basic stabilityis neededbefore
succeethg with the more sophisticated elements of Iganduction Ohno first
addressedhe fundamental issues of production befoefining his approackand
teding key concepts such as takt time, process flow, starsgaravork,the single

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

Smalley (2011 )wrotethat most initial efforts are spent improving production planning
and control, especiallegardinghe management of upstream flowsday at Toyota,
TPSimplementerof newoversea production plant$ollow a detailedramework to
first establish basic stabilitpefore improving the process flow developng pull
systems, andachievingleveled production.This meanghat mucheffort should be
realised in basic stabilitybefore trying to achieve the perfestableflow. Toyota
searchor stability byestablising a consistent and predictable process before getting
too far down the road with the latter elements of flow and takt (8nsalley 2011).

For Smalley (2011) achieving stability implies general predictability arice
consistent availability of manpower, machinesiterials, and methodshe secalled
4Ms.

Upstream &bility is, hence a prerequisite¢o production flow stabilityand can be
checked by assesgithe availability asufficientlevels ofmachine uptime to produce
customer demandnateriak on hand every day to meet production needsned
employeesbeing available to handle the current procesard work methodsand

basic work instruction$o follow quality standards

Ballard (1994 statedhat 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 supgtaits, many players,
typically are under pressure to hit market windows for pradocand are subject to
multiple, extensive process design changes motivated by the opportunity to make
much more money than is lost through disruption of constructiohidretvironment,
traditional approaches to constructioranagement faimiserably. The conversion
process model conceals everything that needs to be reypatédularly the design

of systems and pcesses to manage work and workfl®allard proposedhe model

below
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Production stability

Ballard (1998) believed that ro theory of production controlvas needed in a
construction world thatvasstable and predictabland thatconstructionwas highly
uncertainFor Ballard, sability and predictability aréhe consequences of production
control, rather than arguments against the need for productiotrol. Further,
constructedbjects are complex wholes such ttihet design andonstruction of their

parts are necessarily interdependgran each other

In the construction industry, where making ddreitionally well established as a
creativityinceptor(Koskela 2011)applying completeness checking tools swagthe
4Ms s considere@ means oimproving predictability andhe consistent availability
of resource# thesearch for stabilityKoskelacharacterisethe complexity involved
in managing upstream flowia this context as 1jhe availability of inputscannot
always be assessed by a yes or no quegtioskela 2004)and 2)there seems to be
a much larger variety of inputs than pointed outSmyalley.Koskela (2000) stated
that construction consists of assembly tasks involvinany input flows, and
suggested a comprehensive classification of seyees of flow: design, components

and materials, workers, equipment, spaoanecting works, and external conditions.
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1.3

In thesearch for an effective wayf protecting production from upstream variability
the LPS wasintroduced in the construction indusifgallard 2000) to increase the
reliability of shortterm planning The main principle ofthe LPS is to create shield

on planned work from upstreamariatiors and seek the conscious and reliable
commiment of labour resources by the leaders of the wealkns involved (Ballard
and Howell2000. A key basic m the LPSis that the necessary inputs, such as
materials,information,and equipment, are availalilerougha systematic review of
the prerequisite of upcoming assignmenis a makeready proactive approach
(Ballard 2000)The upstream flow of input should belegelled and stable as possible
while being capable of absorbing demand variattoredlow a stable production flow

under an efficientoordination approach

Rationale

The search for operational performance in the construction industry amelctre
introduction ofcomplexIT tools on site (e.g. iPads and increased virtual realiy),
modelling drawings, new materials (e.g. hpggrformance concrete) and techniques
(e.g. 3D printingyequire more and more parties be involirethe process of erecting
a buiding, whereflow managemeritas becoma key success factor for -4ime and

on-budget delivery (Suermann, 2009).

The argument developed in thigesisis that onsite performancecan bencreased by
improvingworkflow stability. For less than a centufgnd increased in pace in recent
decades)a variey of methodsbased on project contr@nd the formalisation of
planninghavearisen e.g., theGantt bar chatthat formalisesvariousactivities andhe
links between tha in a readabldgime-framed chart the Program Evaluation and
Review Technique (PERT)tha allows the decisiormaking process and the
predecessors and constraints of a given progelsé followedand more recentlythe
CPMthat helps determingshorter pattof a project activity & shorter sequence and
time that leads to completip(Olawale and 8n, 2010 Nicholas, 2001; Lester, 2000).

Sincethe md-90s a wide rangeof softwareand now, clouded (oAine) tools have
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been developetb ease and even autonsatihe useof these project contrahethods
such agsheM S Project the AstaPower ProjectandPrimaveralt is interesting to note
at this point thatdespite tle increasinglyextensive use of these plannimgthods and
formalisationsoftware,most construction projectare still delivered lateup to 55
percent for traditional planninPawood 2010)Later research(Love et al., 2011;
Crotty, 2012; de Melo et al., 2016asconfirmedthis situation

A deeperandmore recenstudyconducted byGledson (2018) analysed thiapning
and delivery of tine performance in the Ukaggregating datcom 2007 to 2017 It
was found that planning and delivery efficiencyvere worse than previously
considered
AiOn average only 38% of project activities started and finished on timeo,
Gledson (2018)

Gledson(2018) concludel that more predictability and productivity researshould

be conducted to increase tfigure. Of coursemore research on more sampiiesn

more countries should be undertaken to validateatieee This indication of poor
perfomance is here to help the reader fully understand the context of the research and

its desireto impact some aspects of the construction industry.

From the aboveit appears that theris still room to improve prformance in the
constructionindustry Measuring performance shoultherefore also be clearly

addressed.

For Takim, Akintoye and Kelly (2003)neasuringhe performanceof a construction
projectis manifold and requires daily effort® collect and report information about
the inputs, the efficiency, anthe effectiveness othe activities on siteThey further
argue that natural bias iiperformance measuremerames from the fact that the
measurement is usualigade by those who organise the wdflence, measurements
of the finacial and noffinancial performancesf a project carbe biased by internal

considerationgthis can be shown by compariagd contrastg their performance
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with otherswithin or outside the companylmpeccablerigour in the measurement
process and total impartiality ianalysingthe resuls are prerequisitein the
exploitation of performance measurements. Many researchers and practitioners
(Sinclair & Zairi, 1995; Mbugua et al., 1999; Love et al., 2000; Chaf1phave
statedhatmeasuremeni@nd dashboardaeimposed in most organisatiotwsfollow,

keep a log of, plan, schedule, anticipatand ultimately control # indicators.
However, Takim, Akintoye, and Kelly (2003)avefurther argud that these classi
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 indigjaéofsrmance),
workflow reliability is rarey measured on a construction sitbe main measures used

to monitor performance are the physical progress and financial expenses at a certain
date while concentrating on poor time predictability and performaaggregatect

the industry level (Pasquire2012, Thomas 2003, Gledson, 2017; Gledson and
Greenwood, 2017, 2016)

This thesis reflects the doctoral warkdertakeron a 3block real estate development
over a period ofhreeyears. Whilemany publishedstudiesdescribe the application
and development of lean toads large siteswith over 200 million work turnover)
made by large and lean mature companies (seef 3nk Introductior), the approach
developed on a 14Bnediumsized apartmentproject made by common SMEs
proposes investigating thehared featuresThe authorhasaimed to increase the
stability of the production flow on sitey testing existing tols and methodologies in

this context of common sites.

The application of lean construction to common sites made by SMEs is very rarely
analysed by theesearch communityTezd et al (2019) showed ira systematic
literature revigv that, SMEsoften constitute the largest group in construction supply
chains Loforte Ribeiro and Timéteo Fernandes (20a8yesuggestdthat over 99%

of all construction companies in Europe are Sivifgl mostemploy fewer than 10
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people. In 2015, 92% of all 66227 construction enterprises in the USA were

classiyed as small enterprises.

Leanconstruction(and building informatiormodelling) despite being twprominent
concepts challenging traditional practices in construction manageareriimidly
adoped by SMEs An analysis of 114 papeshows that, despite the importance of
SMEs, the current lean construction literature falls short in terms opbobtitations
andtheircontent.This gap is detailed iBection(2.4) (In searchof production stability

in the manufacturing industryhe growth of flow theories and pQlbf this thesis.

The application of the main tooksS and Last Plannr) of lean costruction
developed irChapter6, Case Studgfblockl: inception of lean, proved insufficient
to achieve a stable workflow. Other tools from the unfaaturing world were tested
such as takt time in the form of takt planniisge(7.3) Takt planning:Development
of research Stage 2.andkanban in the form of a visual kanhaee(8.1) fiHuman

factorbias: ntroduction ofdiscipline anckanbar.

By measuring the weekly progress in each apartment, comparing the data with the
theoetical forecast andnalysinghe results in terms of means and standard deviation,
it was possible to evaluate the impact of the applicatidgheoflow-based production

systemonthe stability of the works.

While an action researdpproachwasfirst chosen and implemented to structure the
research on sitesee(3.2) The doice ofresearch methgda design science approach
was later preferred to better fit the actual situation on site and the context of the
research(see(3.3) Recentresearch imo the search for consensjusThroughoutthe
construction of the three blocks, and the gradual application oftfearytools, it

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

more robust forecast to the site and decreasing the lead time.
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1.4 Research aimpobjectives questions and limitations

The aim of this researcis to provide a betteunderstandingf the effects of the
application of flowbased management systemsonmeesumz e si tes (027150

work turnover) made by mediusized companies (2200employees)

The researatr develogd and evaluate a pull scheduling system based on LPS to
decrease work volatility at the site level. The expected consequeas@ereduction
in both delays and costs, made possible by optimised and robust site suhddhdi
following objectives have been identifietb address this aim and the research

guestions

1.4.1 Objectives of the research

o To understand the problem

o Tounderstandurrent 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 pudmsysased on LPS using
a longitudinal case study. The research limits the scope to residential units
made under a traditional form ah EPC contract. Further application 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, etand

o0 To propose guidancd®r leanconstructiorpractitioners based on this research
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1.4.2 Limitations of the proposed approach and conakions

1.4.2.1impact of takt andkanban approaches

The impact oftakt planning was mainly measured by flow stabitisydeveloped in
(7.3), Takt planning:Development of research Stage,28d its consequence on lead
time and snag works reductiofhe impact of the application &knban is developed
in Chapter8, Case Studyn block 3: further developmenbf a pull flow system
Following the application of these two approachdsess reduction and financial
improvement weréheexpected consequences of flystem however, tlese haveot

beenanalysed irdepthin this thesis

1.4.2.2Gains in delays / H&S causeconsequenceand/or correlational effect?

While thereduction of delays and both quality and safety improvement were measured
in the context of this research, future resedscteeded to imestigate the qualitative
causeconsequence and correlational effects. Analysing néturalccurring
circumstances arttie application of the stability indéx other contextssuchas large
apartment blocks amal/ larger contractors that are not addressed in this research, will

help continue thgrowth inunderstanding of the concept of workflow stability.

1.4.2.3Savings onconstruction costs

The financial gainsvereshared by thprojectdeveloper in 201&ta lean construction
conference in Nottingham (NTU Lean Construction stadgw casg2018 February
21%). From thede v e | o p e r 0 s he gain sepresaentad3foion avetagen the
squarametrecost from blok 1 to blok 3 and is to be largely credited to the approach
developed in this researdHowever, given that theesearchewas not providedvith

the full costs report (that is fully understantagpven confidentialityagreenenty, it

IS not possible tassessior to affirm the direct effect of the approacton this gair

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

Finally, theduplicability of the findings of each phase were tested over successive
phasesand the conclusions onits conditions were subsequently investigated.
Duplicationin other sectors is discussed but not tested in this res@drelresearch

limits the scope toesidential units made under a traditional fornaEPC contract.

Further application of the plannirapproachn other construction types and sectors
can be envisaged (hospital, schools, warehouses, housing, etc.). The same approach
can be tested eman civil projects(bridges, roads, tunnels, etc.).

1.5 Research plan

Theapproach used was to syntisesthe available literature, field trials and extensive
case studied-ollowing insightsprovided from thditerature review, field trials and
case studies guideline and roadmap were developed for lean implementattoe at

project level.
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1.6 Content of the thesis

o Chapter 1 Thelntroductionprovides the context of the thesis, presents the aim
and the plan and content of ttesearch

o Chapter 2 The Literature Reviewis then developedwith a focus on
understandhig thelatestflow-based theories in the manufacturindustry(the
origin) and in the construction industry (the context).

o Chapter 3 Research methatbgy developsthe research method, provides
justificationfor theuseof action research and design scienceexpdainshow
thedata were collected.

o Chapter 4 Research processekescribes the processiem diagnosing the
actual state (identification of th@oblen) to initiating the next improvement
cycle.

o Chapter 5 Complementgloses the presentation by developing further the
context by providing more insighitsto the background of the project, then the
problem encountered bthe practitioner andfinally, presentsthe 3block
apartmentievelopment®nwhich the research is grounded

o Chapter 6 Case Studwf block1: inception of leanChapter 7 Case Studgn
block2: Development of the soluti@andChapter 8 Case Studyn block 3:
further developmenbf a pull flow systemdetail the research from the
diagnostis on site to the evaluation of the research smtuin block 1,block
2 andblock 3.

o Chapter 9 Collectingandanalysingdataonworkflowstability details howthe
data were collected and analysed.

o Chapter 10 presents th@angible mpactsof the research

o Chapter 11 Appendixcloses the thesis.

o Chapter 12 Referencesoncludethe thesis
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Literature Review

This chapterhelps 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

industrybased on existing systes in manufacturing.

This dhapteris organised as follow:

- Section(2.1) Glossaryof definitionsintroduces the main terms used in the thesis,
andSection(2.2), Approachto theliterature reviewpresents the approach used by
the researchen selecting the articlassed as references

- Section(2.3), The Pull systemand production flowstability presents the core
concepts of the research

- Section(2.4), In searchof production stabilityin the manufacturing industryhe
growth of flow theories and pullinks thetheories and systents stability,which
is the corequestof the research

- Section(2.5), In searchof production stability in the construction industry:
importing flow theories and pull systenfiiom the manufacturingndustry and
developing dedicated approachéeks theabove with the construction industry
whichis the environment of theurrentresearch.

- Section (2.6), Linking manufacturing and construction flowsconfirms the

applicabilityapproachin the construction industry.

Chaptes 3, Research methatbgy, 4 Research processesid 5Complementshen
presentand develoghe path followed by the researcher in the reseandertaken

into the threereal estate development blocks.
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2.1 Glossary of definitions

U Cycletime cycle time is theamount 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.

U Kanban this is aJapanese manufacturing system in which the supply of
components is regulated througle thse of an instruction card sent along the
production line.

U Leadtime the time between the initiation and completion of a process.

U Performancethe action or process of performing a task or function

U Productivity the effectiveness oproductive effort, especially in industry, as
measured in terms of the rate of output per unit of input.

U Stability. the state of being stable, with low or no variatilotime.

U Takt time the rate usedto complete a product in order to meet customer
demand This mmes from the German wotdkt meaning beat or pulse in
music.

U Variability: the tendency to shift or changhe statef being variable.

U WIP: work in progress, the quantity of work being transfornmethe process

2.2 Approach to the literature review

The main objective of thisectionis to presentiow productionstability, whichis the
core concept in this researdmas beerdevelopedio date how much ithasbeen
addressedh theflow managemenitteratureand how to it can be linked with the other

main flow managemerheories.

Based orthe problem of thelient, developed in(5.2) Problem of the practitionera(
real estatedeveloper)the researchenvestigatedacademic articles related to flow
theoriesn genera(mostly in the manufacturing industry) and then ia tlonstruction
industry.Understanding therigin and development of these concdpdshelped the
researcheunderstand thénks between therandthe difficulties encounteredvhen
appliedon a small site made bgn SME. Academic articleand referencegublished
in journals and conferences such @® IGLC (International Group for Lean
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Construction) ARCOM (Association of Researchers in Construction Management),
LCI (Lean Construction Instituteand ASCE (America Society of Civil Engineers)
were first elected asthe basisfor understanding the concepts aagproaches

developedo datein relation to the problem identified.

Then, the researchenarrowedthe literature review andelectedpapersfrom the
Scopus databaswnby using the following filtes:

0 ten toprated journals selectdzhsed ortite score form Scopus

0 articles having thekey wordslean constructioror lean too)
0 engineering and material science article selected,
o

publishedournal articles.

The researcher finally updated thteraturereview with 20192020 papers after the
PhD viva (2019)to havethe most up to date references in the final version of the
thesis.Lean construction and BIM in small and medisiped enterprises (SMES) in
constuction: a systematic literature revieby Tezel et al(2019) complemented the
literature review inlight of the focusof the researchi.g., lean construction with
SMESs)

Theliterature review is articulateith sevensectiors. It first presents the coepts of
pull and stability in general thezhronologicallydevelopsthe rise ofthese concepts
in the context of the manufacturing industry beflin&ing them to the construction

industry and narrowing their application to tB®IE world

Section(2.1) Glossary of definitiongresentshe most important concepts and words
used in this thesj$ection(2.2), Pull systemandproduction flowstability, introduces
the literature revievand suggesta better understanding of the patHollow, Section
(2.3), Pull systemand production flowstability introduces the growth ofpull and
stability. This is followed bySection(2.4), In searchof production stabilityin the
manufacturing industrythe growth of flow theories and puland(2.5), In searchof
production stability in the construction industrynporting flow theories and pull

system&rom the manufacturingppdustry and developing dedicated approaghdsch
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provide an understanding of how the different the=orof flow have emerged
historically andaddressethe search for stabilitfrom different approachesAt this
point, the reader should have a good understandfrigpth the complexity anthe
long-term development of flow theori@s the manufacturingidustry.Section(2.6),
Linking manufacturing and construction flowmks the former to the construction
industry thecontext of this researcheforeSection(2.7), Lean Construction research
on SMEsnarrows the scope of the literature review tocrestructiorSME,thescope

of this research.

As shown in the literature reviewy® mainresponsefiave been developed the
manufacturing industrio address the emergencevafiability inmassdemandwhich
started in the 19®Ds While America developed systems based opulence
(throughput, inventory sizeversizedools, high volumesandhigh demand)Japan
developedHheir path in a leaenvironmentasthe volumes of their demand (mainly
domestic) permtedno wasteFrom the 19@sthroughto the 199s both approaches
and systemswere successfully developed in paralldline of balance,material
requiremenplanning,total quality management, 6 SigmandISO are the names of
the relevanaipproacheseveloped in Americaver this time Autonomationjustin-
time (JIT), poke-yoke, kanban, production leveknd 5S have meanwhile been
developed in Japanrlhis proliferaton of management methoddhows that the
manufacturing industry hasxpendedgreateffort in developng its operating and

managerial toalto address unstable demand

As argued and later developesitrong similarities can be found between the
construction industry and the manufacturing industhe construction industry must
also cope with variable demand (each building is diffeyant]it is alsobased on a

sequenced operating systeiherefore, in bdt industries, managing the operating

flow is an importantonsiderationn the search fooptimal productivity.
However, while many approaches have been developgbéd manufacturing industry

on both sides of the Pacifithe construction industry lacks such development. tGant

charts andheCPMdate from the 190sand 198s andthese strategiese still widely

49/ 412



2.3

usedin the construction industryhe recenuptake of thecritical chain method and
the development diPSin the 19®s haveofferednew perspectives. Nevtheless, a
long pathremains inthe construction industry tcatch up with the manufacturing

industry.

For Ballard (2005) flow reliability is theappropriateconcept and reliablenvorkflow
impacts the productivity of dowtream playersBallardremindsusthatunderstanding
and managing the construction process as a lilasbeena key issue fothe IGLC
sinceits very first meeting in 1993-or Koskela(2005)and Kagligou (2005, 2006)
theinfluenceson IGLC thinking have include&hingo (1989) and thEPS(Shiomi&
Wada, 1995; Ohno, 1988) along with its Western interpretatideaagoroduction
(Womacket al.,1990; Womaclk& Jones, 1996Koskela (2Q1)later citeeven arlier
sourcef inspirationsuch as Aristotle (app. 330 B.C.)

The following sectiors investigate the researchliterature and methodologies

undertakenn search for productiostability.

Pull systemand production flow stability

As developed in the literature review, the concept of flow ishthisstic umbrella of
the quest for improvement looth the manufacturing or constructiamdustries The
first sectionof this chapterintroduceghe development gdush and pull systenigom

a historical perspectivéhenthe two approacheselinkedto the concept of stability
The questfor stability in the productiorilow is then developed in thesubsequent
sections While section2.4, In searchof production stabilityin the manufacturing
industry. the growth of flow theories and pyladdresses 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 system&om the
manufacturingndustry and developing dedicated approachiegs the latter to the

construction worldand develops it
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2.3.1 Historical perspective

Althoughpull and pustappioachesave beemsedextensivelyin the recent literature,
the appearancef these terms used in the coxit®f production flow isrelatively
recent.Schonbergef1982) first describethe pull and push approach Nine Hidden
Lessons abow@implicity based omnanalysis oflapanesmanufacturingechniques

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 fhem
management to the market, tb@me 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 filmermarket tothe

management in a direction opposite tatthf thetraditional (push) systems.

Karmarkar (1986c¢) charactsed the difference between push and putemmsof the
order release process. Pgjistems, in his view, trigger an order release wtien
inventory is physically removed frothefinished parts or finished goods stock. Push
systems authose production in advance of demarfsilver and Peterson (1985)
charactesed push and pull somewhat differently. They distingespush from pull

on the basis of the information used in the decismakingprocess. Pustystems, as
they define them, use global information, while mytems use local information.
Takahashi, Muramatsu, anidhii (1987)distinguish push from pull, in a multistage
production facility, interms of centraation. Pul systems decentrak decision
making so that the production order level at each cell is determinednsymption
atthe imnediate successor cell. Pusysstems, othe dherhand, centralisdecision
making so that ordering determined by net requirements, cumulative lead times, and
feedback informatiorPyke, D.F and Cohen, M.A (89) developed a comprehensive
frameworkfrom the above authors gush and pull in manufacturing and distribution
systems and suggested thatditenal 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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systens in a simulation ané comparative study. Pyke D.F and Cohen M.A (1990)
worked onthe implementation of push and pull in manufacturing and distribution.
Zhao, X and Lee T.S (1993) worked on freezing the master production schedule for
material requirement planning syste&perting under demand uncertainty. Harison
(1999) suggestetthatdeciding abou& pull or push strateggtependedn the certainty

of demandor the product. Kim, Chhajed and Palekar (20@i#8)a comparative study

of the performance of the push and pull systémthe presence of emergency orders.
Mashuchun, Davis and Patterson (2004) studied the performance difference of push
and pull control strategies for supply network management in ainoeg®ck
environment.Huang et al(2014) reported that in many ess switching from a push

to apull system reduces the inventory by half, leadeweershortags, and increases
sales (Aben 2006; Camp 2006; Krishan and Kothekar 2007; Z2008s Grant 2008).
Sarbjit (2017) proposed a stuthatwould help to determine push or pull strategy and
alsohow acombination of both can be appropriate.

2.3.2 Pull system and stability

For Womack & Jones (1998he seminal approach that later becaheTPS is the
origin of lean productionThe termeanreferring toa production system was first used
in an MIT Sloan Management Review article by John Krafcik (Fall 1988) titled
Triumph of the Lean Production Systerhich is based on five important principles:
value,valuestream,flow, pull andperfection.The tem leanin this contextwaslater
popularsed byJames P. Womack, Daniel T. Jones et Daniel Robse Machine that
Changed the Worl@1990) Liker (2004) alscemphassedthe importance oformer

principles:

ATo be a | ean manuf ahnkingrthatrfocusesgmu i r e s
making the product flow through vakaglding processes without
interruption (onepiece flow), a pull system that cascades back from the
customer demand by replenishing only what the next operation takes away

at short intervals ana culture in which everyone is striving continuously

to i mproveo.
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The principle ofvalue is the starting point for the application lefin thinking:
determining the main characteristics of a product and what a customer is willing to
pay forit. This is dso a first step in the identification of waste in the process. The
second principle is that of thealue stream: understanding the physical flows of
materiab, people and information. Value Stream Mapping, which was adapted by
Rother & Shook (1999)s animportant 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
materias and information maynove in a predictable watongthe supply chain. Pull
(together with flow) are regarded as the core characteristieanfthinking andhe
cornerstones for the elimination of waste. Toyota defines waste as any activity that
does not add value for thestomer (Liker 2004). The idea of pull is to produce only
as much as the following work activity needs while keepimg inventory at a
minimum. Theprinciple of perfection is closely related to the idea of continuous
improvement constantly striving foperfection in processéBrady 2014)

These principleswvhichare applied using the tools of the'S, ardllustratedin Figure
2.2.1below.

//\

Best Quality - Lowest Cost - Shortest Lead Time - Best Safety - High Morale\]
through shortening the production flow by eliminating waste

Just-In-Time People & Teamwork Jidoka
“Right part, right amount, (In-station quality
right time” “Stop to fix problems”
Radiie Continuous Improvement
inventory to Make pr'oblems
surface visible
problems Waste Reduction

Leveled Production (heijunka)

Stable and Standardized Processes

Figure2.3.21: The TPS house (Liker, 2004, p. 33)
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Howell and Ballard(1994) developedthe concept of pulln the context of a lean
approach applied to trmnstructionndustryand linked it to stabilitypy addressing
the redudion of inflow variationto produce atalle production flow They pointed

out that from the field point of viewlean constructiorfollowed the strategy of
improving stability in planning from the bottom ufowell showed that thigrst phase
involves shieldng work execution and themoving up to adjustinghe mechanism

and finally, to rethinkingtheinitial planning.

For Licker (2004) the concept of stabilitys groundedin Heijunka the second
foundation of the TPS Housekicker (2004) remindgus that for Toyota, a stable

production flow will emerge from stable andustlardsed processes

AThe foundation of the house needs to provideteeall stability on which
justin-time systems cahe built and the system constantly adjusted by
stopping to fix problems. Heijunka means léagl Thegoal is to create a
leveled stream of orders and a levelorkload When theworkload is
levelled there areopportunities to standaree processes. Ardvellingthe
workload is also necessary to know how munokentory to hold in the
supermarkets.

If there canbe a run on the store for a particular product, gystem will
not be able to keep up. Stable, standsediprocesses are necessary, or-just
in-time production will mean no production. Without inventdry
compensate for instability, the system will constasiiyt down. And this
will be even worse if someoisepulling the cord and stopping the line every
timethere is a problend (Licker 2004).

Section2.4 to 27 link the fundamentdkeanapproach tats application in the context

of this research (construction sites made by SMES) through the $sastibility.

2.4 In searchof production stability in the manufacturing industry: the growth of
flow theories and pullsystems

This chapterpresentdhow production flow became a major focustlre search for
system productivityn the context of manufacturing industry growhthoughthe 1910s
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to the 180s and finally, the formalisation of production stability the late 1990s.
This chapter provides a historical perspective of the growth of stabilitythe
manufacturing sectoBection(2.5),

In searchof production stability in the construction industignportingflow theories
and pull systemdrom the manufacturingindustry and developing dedicated
approacheghenprovides the perspective tife construction industhat followed a

similar pathyears later.

Production flow theoriesare an establishedresearchareaunder the heading of
production efficiencyln Walking through Lean HistoryWomack remindsisthat it
is very often forgotten that the Venetians developed the capabilityild hundreds
of ships each yeameetng the Mediterranean campai@demandfor battleshis
through a standaised design and continuous production flow.

Frederic Chapirfrlane(1934)describedhis 600-yearold flow-based productigrand
how, in 1574 the Arsenals expertise in buildinghips quicklywas so dominat, and
their operations managemeafforded so much ofwhat we would today call
competitiveadvantaggthat King Henry Il of France invitedimselfso that he could
watch the construction of a cofete alley in continuous flow. 11925 a paper from
Wollard titled Some Notes orthe British Methods of Continuous Production
introduced flow variation ito industrial production.

The processcontrol chart (PCC) was developed byWalter Shewharin 1924 it
representedat this time alarge stegorward inindustrial qualitytoward themodern
approachethatwere laterexpanded t@ncompassvider applicationsn science and

statisticalapplications.

The PCC approach wdater formalised andpresentedn his 1939 book Statistical
Methods from the Viewpoint of Quality Contriblwas the first time in literature that
a continuous quality improvememntas described as eycle: Plan-Do-Study-Act.
Deming later developedhis to the betterknown vesion Plan-Do-CheckAct
(Deming 1939).
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In 1954 in Principles of Mass and Flow Productipfrank G. Woollard(1954)

investigated flow in upstream processsating:

othevirtue of flow production lies in the fact that it brings all inconsistencies
into the light of day and so provides the opportutotgorrect ther.

His intuition was that

othehigh visibility conferred on the compayactivities by flow production
will lead to unceasing and continuous improverogiWoollard 1954, p.
87).

In a multi-operational environment,.e., the vast majority ofproduction sites,
productionschedulingaims atreunifying the different stakes layeating a profitable
balanceébetweerconflicting objectives (Hopg Spearmay2008).There are two wgs

of achievingthis profitability by applying the approach of production contif
meeting demandoushbasedand pultbased.The controlling system can ts@milar,

but theproduction flow is consideredce versan the two approaches.

According to Hopp and Spearman (2008), the distinguishing feature between push and
pull systems is how the movement ofrka@s triggered.

"In a push system, work orders are scheduled based on actual or forecasted
demandfrom a central system. In a pull system, work is aussal based
on the current systestatuso

They furtherefine this definition(2008)based oithe fundamental differendetween

thetwo approachesntrinsic effect

OA pull system establishes an a priori limit @HP, while a push system
doesnot.o
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In brief, in a pullsystem, customelemand willenableproduction the product or
service (dowstream process) is pulled (initiated) by tustomerSmalley (2004),n
his bookCreating Level Pullfurther classifieghe differentpull systemsnto three
categories: 1ljeplenishment pulwhichfeeds thgroduction line as the production is
beingproduced?2) sequential pullwhich allowsfor several types of productipand
3) mixedpull, whichis a hybrid type of production from tHiest two.

Smalley (2004) insisdthatthe size of the production lots, or batclssuld be kept

as small as gssible (dictated bgustomer demangdjvherdy onepiece flowis the
ultimate small batchPulling production can also mean stopping production if the
demanddecreases below certain levels (and demamdbsoried by the inventory) or
stopping the productioto avoidoverproduction andignalreplenishmenby mears

of a kanbansystemthat will trigger production only when the formal order is given
from the demand.

The above production approacmeadesignificantstegsin thesearch foproductivity

stability. Earlier, the bulk of production flow and inventory were controlled using
reorderpoint/reorderquantity (ROP/ROQ) methods. The ROP/ROQ systems were
based on process sequences that needed a large inventory of standard pieces,
speciaisedmachineryand Go/ NoGo gaugegHopp & Spearman2002).ROP/ROQ

were typical push systemthe inventory and flow were forced into the system to
ensure enough production aiedneetcustomer demand. The demand, until theQk93

was dictatedby the offer, and the offer was limiteld a few models available®r each

product.

The best example is the Ford T Madehichwas available imnly one shadef black.
Painting all their models blacknot only enabled Ford to rése large economies of
scale but also significantly reduced drying tinManufacturing industry interests
dictated the offer andhence tried to control the demandrollowing the 19®s
demand became more exigent ardquiredproduct diversity as a driveof mass
consumption. Thigliversity forced the manufacturing industry to adapt the offer to

more and more vagddemand.
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The development of computers and software (initjdhg ability to compile a large
amountof information) eased the processes ohaging variability in the demand by
trackingtheinventory. The mass production system in theOE®8as based oalarge
throughput of pag large inventory sizes and optsad butoversizedtools.The ime
lag between steps increased @ndquired but also promotedhe use of sophisticated
information systerm A concrete answewnasproposedn the 19®s by Orlicky and
Wight Ploss]who developed a new system which they termaterial requirements
planning(MRP). MRPwas mainly a sophisticat@dformationmanagement tool, one
of the earliestproductionscheduling approachesperating through the use of
computers. Although it started slowly, MRFas extensivéy develoged in 1972
Productivity in the US had toe rethoubt to feedanincreasing demand and ptitie
whole economy. A MRP Crusade was then launched by #treerican Production
and Inventory Control Society (APICS) to promtte useof MRP andprovide the
industry with a better tool and approach to matgsiahning andto pushfinished
goods into the markéHopp & Spearman 2008MRP is considereda push system
given that there is limitedonsideration of the customer demand in its approach,
which is mainly based othe compilation of schedulesf the production thashould
belauncredbasedn a documented experience of its level and statistical iGigats

& Spearman2008).

The development d@btal quality management and later of 6 Sigrbased on standards
and statistical analysisn the 19Ds led to the development of MRP Ikhich
incorporated capacity planning, capacity requireyemaster planning and input
output contrallt required, of course, even more complex and powerful software.
We can say that, from the 1®3to the late 199s the American production system

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

MRP soon dominatedthe production systems in the U®hile in Japan several
companies(e.g., Toyotg further developed the older ROP/RO&bproachegdo a
higher level The situation of production in Japan in ##10swas quite different from

the one the U%asexperiencing in that, in Japan, the production volume was far lower

than in the USwherelong production runenabledheefficiency approacto develop.
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Taiichi Ohnowasgiven the mission to developsystem that would enable Toyota to
compete with American automakdrased on significantly lower volumesndin
response, hdesigned, tested, developed and forsealiwhat hagsome to be known
asthe ToyotaProductionSystem (TPS)Ohno thoughthe TPScould fimake goods,

as much as possi bd(@mngl988). a continuous pow

Ohnobased the TPS dwo pillars autonomatiorandJIT production Autonomation,
or flautomation with a human tougdevelopedow tobuild a best practice apprdac
Later,a numberof additions have helped the systempg&rformoptimally. Another
component of aonomationis thelimitation of errors by the use ébol-p r 0 oor n g
pokeyoke In the search for selfesponsibilityon the floor by the operatorsTPS
promotes the use sfmalldevicesn the production line so that the operator oaake
quick qualitative checls (colours, dimensions weight etc). A self-controlling
approachto quality as production progre€s along the production line allow
problems to be detectedfar upstream as possible (&s upstream as the first poke
yoke). In case of groblem found, thevhole production line is stoppeduntil the
problemis corrected Using ths system meanework lines were ndongerneeded,
problems that pulld efficiency downwere identifiedand treated ad corrective
actionswere proposed veryjuickly. Hence Ohno, (1988) set thessence of leaas

thereduction of waste.

Anothergembaorientedapproach to reach impeccable quality developed by Toyota
under he TPSis 55 orthe meango create, maintain and ingwve a safe, sound and
favourable workplace for the operators. Tingee Ss stand forseiri, seiton, seiso,
seiketsu,and shitsuke Thesecan be translatedsremove, sort, clean, improvand
maintain a set of organsationral and housekeeping techniquds achieve

autonomation andisual control.

The following sectionsoffer an overview othe main flow systems and theories that
havearisen from the 19Ds when Henri Foré flow production system was based on
aunique modelto the current state of manufacturimgwhichdemand varies rapidly

both in quantig and in hemeans of productioanddelivery.
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2.4.1 The1910s On the eanergence of the @Gntt and Program Evaluation and
ReviewTechnique PERT) charts

While therise inproduction levelsntroduced newplanning needscontrolling, and
recordinga work schedulend its progresstwo American mechanical engineers
(Henry Gantt and Frederick Tay)adevelopeda new methodlater to becalledthe
Gantt chartA Gant chardisplayshorizontal bars that represetivitiesof work, the
length of the baindicating the length of the activity, determined by the scale of the
horizontal axisFor Gant and Taylor, a barasatask,andeach bacouldbe linkedto

anotherdthesto indicatea sequence.

Gant chad are still usd extensivelytodayandthey arethe base of scheduling in the
construction industryA Gant chartfocusen the sequence of the works, ameince
does notepreseninterrelationship®r constrainteamongthe activities within a work
sequenceThe PERTdiagram was later devagded to provide aoad mapndicating
themajor activities and their interrelationshipsit this does notntegrate the cost and

quality inputs.

2.4.2 The1940s On the anergence oftakt time

Variability in the demand introduced a need to adhptpace of production while
keeping limited inventories andaiting times. In atakt time system, customérs
demand pulls the components and definepteeat which theprodudion must be
setto meetthe demandOf course, it is not realistic to believe that the demand will
settle at a stable levehdallow the process to produpars or components at an equal

stable pace.

Takttimeis the opposite to the pace of dematidhere is anncreasen demandthe
takt time mustdrop to avoida shortage in supply anifl there is adecreasen the
demand the takt timeshould increase to avoid overproduction el subsequent
overstockednventory. This means the output interval betwéestwo outputsshould
vary to follow the demandr(creasd or decreasd). Rahani et al. (2012psisted on

the importance oédapting theakt timeto the demand to avoid the extasts and
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inefficiencies that are fathered by a téikte lower than the demandl€., producing
ahead of demandRahani recalls that this wouldadto the storage and retrieval of
finished goodsthe purchasing of raw materiais advance (neesdifor storageandto
decreaséhecashflow), anincreaseén manpower andvages, th@roduction linebeing
underutilsed givenother goodgthat may ben demand) are ndieingproducedand
costsincurred forstoring and managing the unsold output

In 2002, Hoppand Spearman proposed a definition of a pull system:

AA pul | production system is one that
that can be in the system. By default, this implies that a push production

system is one that has no explicit limit on the arho@iNVIP that can be in

the systemo.

To levelproduction andjive this a strategic aspect of productivity improvement in a
pull environmentOhnoproposed taisetakt time ortakt-paced productiarBoeing
capitalsed on this notion and e y na&tgaced poductionasfollows (published by

Hopp and Spearman 2008)

ATaktpacedproduction 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 custom@&rrate of demand estidhes the pace orakttime.

So, rather than simply maxising the rate of work, lean sets the pace in the
factory, ensuring that the custoni®needs are met dimeo

One could instinctively consider that the applicationadt time demands thatemand
mustbe extremely regulato meet the production paand then reach efficiencin
manufacturing plants, settingakttime (or a pace)nstead of following demand and
insering variability helps smooth the productioandwork on efficiency and meet
demand. This igarticularly made possiblevhena manufacturing plarknows its
client and has kept a log of the demand levels that can be takasascefor
constraining the system with an initisdkt time andadjuging this to the actual
demand. Of course, the whdigkt machine works smoothly until the firgtain of

sandstopsthe system.
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Buaering the production line from demandariability helps keep production
overcapacity to absorb a determined level of uncertaintygaachnteghat thesystem
continues to run atstable paceThis buaer or contingency, either of production or of
demand,s made possiblevith either @ orderbacklog orproductioninventory.An

order backlog will be generated when the demand exceeds the production capacity set by
the takt timeA production inventory will be generated when the demand is lower than
expectedin this casethe production pace is tdugh, and the production should be

storedto meet future pickips in demand

The whole takted production system is based on the assumptidimetisaippliers of the

line can meet the production demand at the determined pace. This is to say that particular
attertion should be paitb the long lead items, those items that can take tharethe
throughput time in the line. These items should thexctbessetfom internal fabrication

centresor outside suppliers.e., madeto stock.

In real life,demandcanvary greatly(e.g.,because o$easonality or random surges)
and invalley curveactivity, the order backlogdemand)may temporarily run dry
before the demarmhce agaimeaches levels that amo high to meetn these underand
overcapacity periods, takt time should be addpd by anticipation, inventories of
production stored anof some jobseleased. Aakttime-based systerman be adapted
to amaketo-forecastmodethat will customse the capacity production and buffer

levels in aticipation of thedemand volatility

A common confusioconcerningadkttimeisthat he | i t erature has con
pull to be maketo-order, which only applies at the strategic managerialevel. At
theproductionlevel, takttime should beunderstood asaketo stock or evermaketo
forecast to say thatheinventory d production or inventory of ordeis intrinsically
generated and or eded by the application #ékt-based methods to guaranthe

smoothnessf the production line andhence efficiency in productivity.
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2.4.3 The 1940s Limitation of the WIP One-piece flow

Onepiece flow is a process management system #Hesks optingation through
controlling themovemenbf the parts between operationgge part at a timeavithin a
production line The productiorsystemwhich isbased orone-piece flow integrates
sequencing, setup time and md&eorder 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 exampldeveloped the operatorsin the
production lineverelimited to arepetitive sequenad loadng and unloathg machine
tools. The machines weraid in a U-line to easemanpower lindlexibility and flow
within theprocess lie.

Important factors wereonsidered when designing the U shape of the litiesisearch
for onepiece flow such ashe selection of the erk model,the assignment of the
operationin the procesBne andthe sequence gbroduction Whenthetime comesto
change tasknia linearU-line, it is impossible tonaintainany production at any stage

of the line the whole linenustbe stopped.

Hence in a onepiece flow production linea buffer is requiredto absorb the
production disruptiomnd to overcome the freezing of the lifidis can be calculated
usingdemandhistory or experience @tatisticaldata As in a sound pull systemm a
onepiece pull production system, the produoaly startsproducingwhen akanban
(signalling tool)stopspiling in the line The main difficultylies in the uncertainty of
the demandLi et al. (2009) suggested that the desiga ohepiece flowproducton
linein an urtertan environmentequiresnulti-objective evaluatiothatgeneratsthe
needfor an optimisation model Then, the multobjective task can beptimised to
reducethecycle time(CT), optimise the changeovedimit the cell load variatio, and
keep the number of cellsnanageableDespitethese attempts to understand and
propose researchtmonepiece flowsystemsMiltenburg (2011haspointed outthat
the literatureis still very limited in this researchfield and deserve greater

consideration
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2.4.4 The 19%0s Production-levelling line of balance

Monden et al. (1983) suggested thdiré balancing problesareaugmentedby task
time variability and human factors or various disruptioresktime variability and
the disregard flowork rates are mainly due to the instability of human factors. Becker
et al. (2006) and Chiang et al. (200®)tedthatan activity is in essenca source of
variability, intrinsically containing variablesarny activity will be carried out
differenty from oneworkerto another and is highly dependemtthe environmenin
which the production line has been desigrigts, it is of great importance thaosts
of biases generated Ibye human factor and machine specificati@ans limited The
differencein the time the operator walks from omeorkstationto another and the
machin® ewn CT, whichcanalsovary due to internal or external factpisads toa
nonbalancedine or, in short,animbalanceThis tendency is emphasdin thecase
of changeovertime to meet demand fluctuatiomhereimbalance lines are created
in a mixedmodel line.As in aonepieceflow approach, theesourcesiecessary to
produce the outputs aaelapted to meet demand whileerconing thelined mtrinsic

imbalance.

Monden et al. (1983)ropose a model based on mamachine flexibilitythat enables
thefree flow of materia, information,and humamesourcesvithin the process unit
Miltenburg et al. (2001) suggested tltaistomsation of the machinery to meet the
optimised cycle time can ease a balanpeacess flowln anoptimised mixedmodel
flow, demand shouldcommand,and the design of improvedvorkstatiors is no
exception. Attention to the steps aménoeuvres$o be operated with changeovesr
can help balance the flow in the production line by promoguigk configuration
changes, making possible the productiorsrodller lots (or batch) that ighe key to
achieving an optinsed balance

2.4.5 The 19%0s Production-levelling

Volatility in the business environment increaséidrthe 19®sandledto fluctuation
in customer demand and to variability in production. While American industry was

trying to address this volatility iheline of balanceas describgéabove, Japan tkied
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this issuefrom another angle. To avoid undensgd or overburdened capacities
created by fluctuating customer demafedg., manpower, machirge idle times,
breakdowns, defects, and so forth)productionlevelling system was created at
Toyotg caled heijunka «Heijunka is a Japanese word reifieg to processes that help
level or smooth out production. In keijunka system, every product type is
manufactured within a periodic interyaind the system itself controls the variability
of the job arrial sequence to permit higher capacityisdiion.In doing so,heijunka
avoids peaks and valleys in the production schg@gdanen et a).2011 Huttmeir et
al., 2009). This management of low volumes dngh-mix productionwas further
developed agrouptechnology by Licker (2004and later by Bohnen et al. (201a¥

aclusteingtechnigue fopartfamily formation andamily-oriented levelling pattemn

Shorty after having validated the utility dfieijunka as a meanof production
levelling, Taiichi Onho introduced a new management strateglyaimed to create
competitive advantaggustin-time production (JIT) At this time,at the end of WW?2,
Japanesendustrywasalmost completelylefeated US industry proved its ability to
reach ery high production levelgshe productivity of an American car worker was
nine times that of a Japanese car worker at that @mikeo hadeen assigned the task
of developng a system that would enahlapanese workets reach such levgleven

thoughsimilarities in botithe markets and production strategwesre limited

Thus, Onho would, at most, be able to get inspirdtiom the US but copying and
pastingtheir systemsvould not be an optionThe domestic differences were vast.
While the American car manufacturerfiad to face very higldemand andwvere
consequenthable tomakelots or a batch of a model or a component before switching
over to a new model or componettite Japanese conditions wegaite the opposite.

At this time, the Japeese market was highly fragmented &odhprised mangmall
markes thathad to be addressed in a tailored modeiasthall quantitiesin the US,

the market was so dynamic that the prices of felgfpods rose high Thatis to say
that even with a subptimised production tool, the US manufacturaverestill able

to generate profitsConverselythe low demand in Japan led to price resistdhae

forcedTaiichi Onhoto think beyond the existing productivity approachésrapidly
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identified wasteas the main issue to kldressed inhe pursuit of reachng US
productivity levelsHe started to think oproductivityasbeing pulled down by waste
in the process amsbught throughJIT, to eliminateit; itemswould bemoved through

the productioriool only as and when needadd indicated by the system

De Treville (1987) claimedthatlearningwasan important aspect of ampntinuous
improvement process but thatould notreacha satisfactory levebnly throughthe
applicationand analysi®f JIT. A great source of information is the observation of
disruptiors in the production linemost importantly in situatiaor production sites
where difficulties in productioror waste could not be foundising an analytical
approach De Treville (1987) lateproposed embedding flow contneith flexibility

in theresourced the formof abalance line andor increaseddarningmade possible
throughdisruptionghatcannotbe immediatelybservedind needanoresophisticated
tools Learning is key to the impvement process, particularly the JIT approach.
Long-term productivity gains are attained by investing in learning and switching from
shortterm productivity for information collection.

Idle workers should be considered resources (noproblem$; an omortunity to

improve line balance by trainingorkersin thesearch for buffer removal.

However, DeTreville (1987)haspointed out that theexploitationof disruptions in a
learning process requirestical attentiorbeing paido thedesign of the improvement
actionsthat areundertakerandto the buffersthat are inserted, the risk beitige

introduction ofproductivity losses and orgisational stress

OA separate decision as to tlheb etgpe @f JIT must be made for every
intermedate buffer. Designing a JIT system hence requires a large
understanding of the context and of the specific design choi¢Ps
Treville 1987)

A new approach irthe search for efficiency arosat theend of the 1980s and
gradually JIT production was réaced by planning based on the resources of the

enterpriseResourcéased planninfilled an increasinglyfarger part in the production
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world, eclipsing the JIT movement in the US. However, in 1880mportant book
was published in the form of a casedst conducted by Womack, Jones and Roos
(1990) calledrhe Machine That Changed the World

The authorspresenteda comparison between manufacturing technigureghe
automobile industry inhe US, Europe, and Japan. They analysed the roots of the
approaches and capturdle efficiency levels Having conducted a number of
investigations they found, with their significant differences, that that the Japanese
methodsand particularly those dfoyota, were vastly superior. They also seized the
opportunity tophaseout JITproduction, whicthadalreadybeenalmostforgotten and

proposed the generic tedean manufacturing

De Treville(2006) lateemphaised respect for people, the establishmhef good job
characteristics and motivation #ise main subsystem of TMS, in line witthe

fundamental principles déanflow management.

2.4.6 The1960s On the anergence okanban and theinception of pull systens

Some literaturgendsto significantly change the way management sees production
and its surrounding®(qg.,Orlicky& new way of life) and TPS. The ideas and systems
describedn such literature had significantimpact on society and are milestsifier

new systems thinkingln 1977 Sugimori et ald §oyota Production System and
Kanban System: Materialisation of JIT and RespamtHumanSystenwas they r s t
publishedacademic papemkanbarnand it confirmed that papers can hadramatic
impact on production andontrol systemsSugimori (1977)and laterKimura and
Terada (1981) develogd the mechanicsof kanban and how to implement it.
Schonberge(1982) Hall (1983)and Monden1983) publishedtudies on TPJIT
andkanbanbut their impact on the industry wasly notable in thd990s

In the late1990s Ohnoexpressed awitch in how the market created a new way to

view demand. The old wayn that manufactures consideredheir workplacesasthe

production sites of units, based o desktop planningalone that would then be
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distributed and sold by commercial teanwas to evolve dramaticallyrhis former
vision based onpush (distribute products onto the markeéd create the demand)
switched to a more customdemandcentredapproachThe customewasnow to set
the paceof productionand the quantity of the products to be bought hedce, to be
producedAn order from aclient was, one could say, considetedethe firstkanban

of the line that would, going upstream, lead to supplyingrtaeufacturing plant and
meeing the demand.

With the adoption okanban, and itgwestigation bythoseresearchesx the termpull
arose for the first timeThe link between the newanban andhe older base stock
systemwas first acknowledgelly Karmarkar(1986, 1991)bridgingS i mp swork 6 s

(1958) who describedhe base stock system as follows:

oWhen an order is placed, it is ylled
zero. I f the inventory is zero, the o
y | Iwheh an item arrivesin 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 ftve required raw

materials against thpreceding inventorngndass oon as t hi s order
[i.e., he has the needed inventorygproceeds t@peratéon itto produce

the required item. In this wayn order against the last inventory for a

yni shed item is immediately transmitt
all the manufacturing operations, each of which is galseohi into
production’

Speaman (1992) noted thdespitethe many similaritieshatcan be found, the two

systemsKanban and base stQakre not identical:

oKanban 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 b@ne or more production cards already in
process and whenever one of these was completed, the waiting move card
would be immediately attachedttee recently completed container of parts
and the production card would be sent back into production. In thysava
kanban system bountise amountof WIP there can be in the system while

the base stock system doesaot.
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Zazanisjoined Spearmaf(il992) and demonstratelat the conditions of operations,
environment and externéctors are importarfactorsand thatthe improvement of

performance in pull systesis highly dependenbn three primary logisticadrivers

1. Lesscongestion A comparison ofinopen queueing netwonkith an equivalent
closednetworkshows that the average WIP is lower in the closed networkrthan
the open networlgiven the same throughput. Te@ect is relatively minor anié
due tothe fact thagueue lengths have no correlation in an open system but are
negatively correlated in elosed queueing network, an observation made earlier
by Whitt.

2.Moremntro. Thi s fundament al b daatargst r esul t s
a. Workin-processis easier to control than throughpuh direct measure of
the WIP is made possible when measuringughput requires more effort
time and calculationsthat penabe the reaction time.
b. Throughput is typically controlled with respect to capac@®pposite to
WIP, which canbeobserved directly, capacitgquires a number ather data
and measurementsuch agprocess time, setup time, random outages, worker
exciency, rework ( €,)that will determine the actuatapacity of the
production of the unit
c. Throughput is controlled by specifying an input rae the capacity othe
line is a fixed physical bottlenecke inpu rateis the main variable in the
production equation (considering the human resources of the line are also
fixed). If the input rateexceedghe capacity of the line, throughput will be
equal to the bottleeck, and WIP will build up at all stagesthe input rate is
less than the capacity of the line, then the throughput will be equivalent to the
sum of the inputsSharply asssing thecapacityand adapting inputate
guaranteeshat the optimalcapacitycan be reaadd while limiting the WIR
Consequentlyit is of huge importance to finely control AP levelsas direct
indicators of the whole system efficiency to seeltushess Converselythe
systems that onlgontrol throughput generaterrorsand can be much less

efficient inthesearch for productivity
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3. Workin-processap: The beneyts of a pull environme
WIP is bounded than to the practice of pulling everywhkemiting the WIP by
inserting bounds, or a throughput of a clege@ueing network withoutlockagewill

belargelybeneficial to the results afkanbansystem.

In the same veinSpearman and Zazanis (1992) propoS&NWIP, a hybrid push
pull system CONWIP has the samerggic approach dsanban but can be applied to
a wider range obperations Later publicationsby Veatch and Wein (1994) also
demonstrated thahe kanban systertargely benefitdVIP managementHowever, at
this point, the understanding of pultriesbetweerauthors anédvocatesFor Hopp
and Spearman (2002)ne reason for this ishat pull systems are mostly discussed in
general terms and atvery high level, leaving the operation managetrth wieir own

understanding and interpretatiaich istoo often solely linked tpustin-time.

As seenin the introduction of thischapter Ohno hasdescribedextensivelythe
conditionsrequiredto makepull work, amongst whiclarecreating astandardf work
method (autonomation) anteveled production However, he failed gbroviding a
working description ofvhatpull is. Confusion in thegemba betweekanban, JIT and
pull are commoyand the result dhisis low performance of the improwgent systems
tested Conversely a push systemyhich is most commonly intuitivehas almost

becomesynonymous with MRP.

Cheng 1993)proposed a definition of pubktating thapartscould onlybe moved
from onework station to the nexinein thequeuewhenit wasready to welcome
the input and continue the proces3sis idea wasater developed by Hopps and
Spearman (2003)

APull systems by far outreach the responsiveness of a push system. The
responsiveness dhe system to changes and problems which arise in

upstream processes allow the downstream processes to be shut down. This
prevents the accumulation of inventor)
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A key catalyst for this changgasWomack and Jona3LeanThinking(1996) which
wasa follow-on to their highly successflihe Machine That Changed the Woflll
no cleardefinition of pull was provided. The book gta@as follows as recalled by

Hopps and Spearman (2003)

APull, in thesimplest termameans 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.

As seen in the above paragraph, managing inventory leaslbecoman importat
strategyin thesearch for resources and quality opsation. Thekanban, a subsystem

of lean manufacturingvas created in Japan by Taiichi Ohno to control the production
and supply of components and limit inventory needs. Sipper et al. (266t that
kanban can be seen as a twofdignalling system:production Kanban and
transportationkanban which iscalled adualcardkanbarsignallingsystem.

Given that production faceemand uncertainiyt is necessary to introduteiffersto
stabilise theproduction flow adapt thé&kanbarsystens and exhausgproduceanventory

so that it reaches acceptable levElsr Sipper et al. (1997)he application okanban
systens, through thenixed-modelof productioncoupled withoptimal inventorylevel
managemenllows more reactivity to face demand variatiomddcreasetead time
and an optmisation of theutilisation of resource(machinery workers, materials
etc). Junior et al. (2010aterclaimedthat coming back to the fundamental approach
of learning, the implementer can raise knowledge and continue improving the
observed systerhy analysingthe variatios of the kanban. 8 keepinga log and
exploiting the data collectethe kanbamecanesa robust, objective but highly visible
andtrackablewitness of thentrinsic effectiveness of thgroduction line.

Ohnoon the one hand and WomaahkdJones on the othéand latecomplemented
theirviewsonthe notion of pull anétanban While theformer addressed ttstrategic
level about the basic connection between production and dethandtter developed
the tactcal aspect®f leanimplementationWomack and Jones considered that the
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experienceof aclient started at the order stage and that the plant had to adapt to the
demand and ndhe contrary.
Hopp and Spearman (2008) distinguish between push and pull production control

systems as follows:

filn a push system, such as MRP, work releases arewelae and in a pull
system, releases are autisad. The difference is that the former casea
schedule must be prepared in advance, while an aigttam is decided by
the status of thplanto

However, he popularunderstanding at the managerialdevs that apull system
consists ofmaketo-orderwhile a pushstrategy is based anaketo-stock.From this
one could say thaad maketo-orderMRP system woulthe an ideal pull system, which
is fully contradicory to the historical intent othe pull approach as Ohno, Hopp,
Speaman € Yefined it Again, a commorbiasin the understanding dhe new
approach comes from the fact thiatre is not enough understandimdcagebetween

the topmanagerial leMeandthe operational management level.

2.4.7 The 198s The introduction of the theory of constraints and the critical

chain

The limits ofthe CPM have beeprogressivelfddemonstratedvertheyears.The CPM
does not fully consider necritical activities and the riskattached (logisticdabour
or information) nor does it considethat a critical path may change over the project
life. Eliyahu Goldratt designed th#heory of constraints,consideringthat any
interdependent system can never be better than its weaestimproving a pragct
and its schedulthusbecame dependeanh the identification of constraiaandtheir

mitigation.
In a book namedritical Chain, Goldratt (997 introduced theeponymousoncept

The critical chain approach proposedngpbeyondCPM calculations CPMusedthe

resources required to deliver the projectd was mainlybased onrigid project
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scheduling an@ strict sequence in@r o j activitie8.€ritical chain proposed that
more fexibility in the resources allocated to the projeeis keyin keepng a project
on scheduleGoldratt seize@n flexibility as an opportunity to integrate uncertainty.
Uncertainty could then ndite considered problem, but rather ashaffer, something
that could be followed and managed to incrgaedictabilityandfrom which problem
resolutioncould be learedto lowertheuncertainty

2.4.8 1999:Formalising the search for stability: Decoding the DNA of Toyota

Toyota has long been seen not only as a cawufaaturer but also asannovative
company thahasapplieda scientific approach in searabf impeccable quality and
higher productivity.For Spear Toyota is a community of scientists conducting
scientific experimentthat lead tahe manufacture afars in the most efficient way.
The problemstates Spears that theTPSis not and will most certainly never be, a
written dogmaThe TPS is based @ghesharing of experience apassinghe culture
of excellencefrom managerso managersvertically and in both directions.The
approachs designedo favour theworkerswhounderstandhe rulesy applying them
in thegemba with thetraining being a positive sideffectof solving problembefore
seeking, identifying and solving other prebis Doing and favouring this helps
Toyota to continuously increase knowledgéhatindividual level,and the sum of all

the individual knowledgés what could be considered the actual TPS.

Generailsation of the knowledge aass the companfelps Toyotao betterdesign
their activities and always producebetter productsaf higher quality and more
efficiently). Of course, and the ke the TPSlies here, Toyotaexpects significant
effort from the managers so that thasewilling and ableo constantlyquestiontheir

operationsand hence helpfacilitatethe learningby-doing culture
The experience conducted in the research came to the same conclusion, showing that

the willingness to learn is ading prerequisitefor the adoption ofdanworking

practiceson a construction site.

731412



The overall TPS approach has been sunsadrwithinin four rules, proposed by

Spear:
Rule Hypothesis Signs of a problen Responses
1 frhepersonor machine

can do the activityas
specifiedf theactivitys

fif he activityis not

fDeterminthetrueskilllevel
of the personor the true

doneas specifiecthe ggtnceti)irs‘;sgeuflemig capabilitgfthemachinand
goodor sgrvicewill be defective. trairprmodifﬁsapp_rqp[iate.
defecfreeo Modify thdesigactivity

2 . : . :
Deforgoods aneenices  Responsesto et CoCE e the
in a specificmix and keep gace with true capability of the suppli
volume requests. retrain,modifyactivitiespr
The su. lieanrespond Thesuppliets idle, reassi ’n customesupplier

bple PO waiting faequests. SS9 OMESUPP

to customedequests. pairasappropriate.

3
fEvery supplierthat is i persorrmachine ﬁDetermmwhythesuppl_ler
connectedo the flow . wadunnecessaandredesign
athisrequired IS~ not actuqlly theflowpath
zny suppliér not neeo!ed.A supplier Learnwhy thenonspecified
connectedo the flow provides good or suppliewasactuallyequired
pathisnotneedea. senvice andredesigtheflowpatho

4
fA specifichangen an iLearnhow the activitywas

activity, connectioor,

actuallyperformed or the

flow path will improve rThe actualresultis connection or flow pats
, ; different from the .
cost, quality lead time, expectemdsuld actuallyperatedDetermine
batchsizepr safetybya P the trueffect®f thechange.
specifiamound Redesigthechange.
Table2.4.81 The Toyota production system (TPS), adapted from Spear (1999)

Spear argueseta routines can bmuilt by the regulaapplication ofthe basic rulesf

system desigandgenerate

fAihighly situated learning that is both broadly distributeénd where
filearning occurs through frequent practice that allows for repeated
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failured. Spear also stagethat 0The point of process improvement is to
improve the participantsprocessimprovement capaliiies by coaching
them as they try to improve the process.

Learning andlisseminating the learning culture aheé outputs of the learning is key
atToyota

On the link betweenrgarisation and productigrSpear adedthat

0The factory was not onlygace to produce physical products; it was also
a place to learn how to produce those products and [...] keep learning how
to produce those products.

Reduang variability should neverthelessemain at theentreof the goal as a key to
building on a more stable environmettig only way to guarantethe composuref
the system in the long ruAny issuethat would pollute the system stability must be
identifiedas early in the process as possible to reduchkissuesrecurringin the line.
Leaning about process inefficienciesprovides learning opportunities for the
organsation that shouldthenbe exploited tamprove process designs and builie
main asset of the company: hunm@sourcegknowledge (Spear2009). Worker
motivation is espeally dependent otheirvarietyof skills and level ofesponsility;

thus,dedicatechuman resources practices are necessary

2.5 In search of production stability in the construction industry: importing flow
theories and pull systemsfrom the manufacturing industry and developing
dedicated approaches

While Section(2.4), In searchof production stabilityin the manufacturing industry
the growth of flow theories and putirovided a perspectiven therise of the concept
of production stability, Section (2.5), In search of production stability in the
construction industry: importing flow theories and pull system&om the
manufacturingindustry and developing dedicated approaclpessents the same
historical developmentin the context of the construction industrection

(2.6),Linking manufacturing and construction flowisen links the two devepments.
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2.5.1 The1930s Critical path method (CPM)

While production systems were being developed, tested and improved in the
manufacturing industryheingtackled from different angles in the US and in Japan,
the construction industry mainly reliesh the Ganttchart and CPMintil the 1990s,

and the vast majority of the construction players still mainly rely on these Yabie
theGanttwasfirst used irthe 1931 Hoover Dam construction project (a hydroelectric
station at the border of Arizofidevada, US)the CPM wasfirst been presented in
1961 in a paper for the US Navy by Fondahl. T¢feM, also called gtical path
analysis is presented as a mathemoati algorithm for scheduling a set of project

activities.

The CPM is nowadays an important tool forproject managers that igaught
extensively inengineering schools and used worladvide. The critical path can be
defined ashe sequence @bnsecutie activitiestha constitute théongest duratiom

a given projectin other words, the critical patthows the longest duration that is
needed if no optimisation of the tasks that constitui®found, while at the same
time, it shows the minimum time to complete the projéicany activity is delayed in
the critical path, the duration of the projecli be delayed similarlyall activities are
linked without anykind of identified buffe}. Depending on the complexity of the
schedule and of theomplexity of the project a schedule can be linked to othees
given project can haweveral criticapaths. Theritical path is commonly represented
asasuccession of red lines that indicate the gihithe Gantt chart.

February
Number Task Start End | Duration ¢ : o
2[3]4 5[6 718 |9 10/11{12113114]t5 1617]18119/201t[22123124/25 26127128 1 |2

| site Clearing 242009 (21302009 | 7 \
2 Rempval of treas 21412004 [ 2/7/2009 3 ‘]I '
3 [General Excavation 2/13/2009 | 2/24/2009 ] [ —
4 [Grading General Area | 2/7/2009 |2/12/2009 | 3 ‘ Er=
5 |excavation for trenches [2/12/2009 | 2/18/2009 | 3 [

Placing tormwork - . ]

(lacing formwork & 1 9,0 500g | 271372009 | 2 ‘

reinforcemant
7 install ubiities 22412009 | 2772009 | 3 =
8 [Placa concrete 2021/2009 | 3432000 | 2 | | ’ —

Figure2.5.2-1 Example oft Gant chart
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The limits of the applicability of CPM in the construction industaye marked by
construction projects differg from manufacturing plantsainly in terms of their
highly variable production rates. The impactto$ variability is demonstrated by the
simulation Parade of Trades from Tommelein et al. (1999)and is presentedn
Thomas et al. (2003ndSack 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 ofié¢ CPM andhe software.

The CPM mainly focusses on determining the critical path from an array of tasks
linked by intedependencies, which is valid in a linear process such as in the
manufacturing industrybut the processes in the construction industrg very
different. In the transformation concept that manages construction management
approaches, Koskela and Vrijhoef (2000) recall that total transformatiorbean
achievedonly by reaising all parts of it, introducing decomposition into parts,and
further, into tasks.Thesetasks are then assigned to workstati@msl resources are

added to the system takeprogress.

2.5.2 1994: The Last PlanneE System (LPS)

The LPS aims to address flow stability and reliability. It is a welkveloped lean
production tool for project planning and management (Bal20d0). Implementation

of the LPS demonstratélse continuous improvement of project flow and increased
levels ofpercentag of promisecompleted PPQ. However, even where the LPS has
been applied well, PPC levels of 100% have not been achieved (Bortetaaka
2005).

Many techniques have been developed to ruritiedevels ofstrategycontained in
the LPS:(a) milestane planning, (b) phase scheduling the macracollaborative
scheduhg of the next phase)c) making all tasksready to start irsix weeks,(d)
production planning (works synchrasation) and (e) feedback and checlan the
completion of commitments. Aixth conversation has been addedcapture the

essence of th€PS learning. Despite its unquestionabldvantage ovahe CPM, the
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LPS still needs tobe improved. The LPS is notitself capable of reacting tthe
unpredcted conditionshatemerge in the course ohworkdayandhas no mechanism
to prioritise the work packages already filtered through a nrakdy process. Each
manageshould adapt the use of LPS to brsherown environment and constraints.
Another limitof the LPS is that is not sufficient by itself to ensure both work stability

and continuityas shown in the site research conducted.

2.5.3 The 200s Continuous flow

A number of papers addresg ttoncepf continuous flonas part of a larger scheme
and he concept of continuous flow is worth exploriadso as acomplement
Kreameds (2004 categoriseflow as

i adding and nosvalueadding activities, even flow, variability, seven
preconditions and value flawi

Below arediscussedome of the maigitations from IGLC articles that support this
hypothesis The search forontinuous flow can be addressedm various angles.
Continuity be the converseof discontinuity. Therefore, to avoid any discontinuity in
the flow of productionthe gap between twtasks can be filled by delaying thersta

of the first to link its end to the start of th@lowing. Yanghasarguel that there is
nothing new in this given that the project managers who work in a seasonal
environmenthave alreadyestimate the necessgrpostponementvhen experience

informsthemof the probability ofwork discontinuity(Yang 2002.

Another angle can be to divide the warkcreate output aggregations that will ease
the continuity bylimiting the variability of the outputthus enabling more control in
the continuityof the processHopp andSpearmarintroducedthe concept ofthe bath
flow systems in their papdtactory Physicsin which theydevelop their science of
manufacturing Building on this idea, they proposmoking atthe production, more
like aline flow oracontinuous flowprocessBallard (2005) pointsutthat, although
the concept is valid and meritevelopmat, there is afailure to take intofull
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consideration th@b on the shopfloor. Bulhoes, PicchiandGranja (2005) proposed

an approach of continuous improvement as part of a broader overall improvement
effort. This researchwas later developedto highlight the role of production
stabilsationto create an adequate environment for the implementation of continuous
flow (Bulhoes,Picchi, & Folch,2006.

Other authorfiaveaddressethe importance oflow continuity, withoutnecessarily

offeringa means of achieving

oln the construction sector, still heavily dependent on human resources to
impose the rhythm of production, Jidomeans greater autonomy for the
operatives to enforce a continuous work fiofilemmer et al2006).

oDuring the PSD meetings, much attention was given to the production
assembly synchrigation in order to promote a continuous workflow
(Schramn006).

There are indications that the principle of continuous flow adopted in the production
and assembly of prefabricated structman be extended to the desafrthe process
despiteits complexityowing to the large number of different professionals involved,
including external designers, and frequent changes demanded by th¢Buliboes

& Picchi, 2008).

In a construction industry that iackingin the adoption of lean concepisiporting
the conceptof continuous flow is a ambitiouschallengegiven that in the other
industries where continuous flow has becareatral in a lean approach, this effort

was suppoddby many various learelated tools and methods already in use.

2.5.4 The 20s Batch flow

Batch flow has been extensively addressed and researched sincar&D0# concept
of batch flow is complementary to tHeve proposed byKraemer(2004 and to

continuous flow. Lean production emplsgsthe creation ofmooth and small batch
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flow with little inventory of WIP, short cycletimes andhe developmenidf being able
to react to new constraingnd evolutions in the outptw constantlyfit the market
demandgPartouchg2008).The particularity of the constrtion industry is that the
site is,in essence, temporary. This implies thateheironmenbf theproduction line,
the site itself, changes from project to project. Moreover, the productioftHmsite)
also evolves fronts inceptionthroughto its completion and the production flows are

in constant evolution.

Hence, a sitbeatemporary production systetimat is operated by temporary workers
onethatfathersgreat variability ints production capacity and efficienclo overcome
this difficulty, Arbulu (2006) proposed dividing the workarbatches of equal size
and focusg 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 flimanagedThe use of gull signalthat
could releaseghe same amount of work flows through the production systenid
thenreachflow stability, even in a highly unstable environment. Thigchanism
implies that the levels oVIP are the same for eactgeal However,that israther
unlikely when dealing with differentrades with significantly different production

rates and logistical constraints

Arbulu continues and advocatthat the gapbetween the application of batch flow
systems in the manufacturing industry and the construction industry should be closed
by fAincreasingworkflow predictability beyondone day and by reducing delivery
time (Arbulu, 200§. Now, even if a stable system can be found and implemented
on site,it is likely that the final engbroduct will evolve across the production of the
product itself. Clients andwners like to introduce changesthe final object to be
constructed and dekved (design changes, technical changa&ta specifications,
detailing, new financial or time constrainetc) thatmaydirectly or indirectlyaffect

the stabilityof the procesandor ruin theflow of work onsite.In this vein,Partouche,
SacksandBertelsen (2008) remingsthatthe importance afreating amooth product

flow and reducing variation (ithe endproductdesigr) are wellunderstood in mass
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production system@here lean approaches have been deve|dpgdheyarenew in
theconstrucdon industry

Arbulu and Tommelein, (2002) emphasi the importance of batching in the
construction industry as a meaaof reducingthe effect ofthe intrinsic variable
environment justescribedas a big contributor to lead timélhey advocate that,
virtually today butphysically tomorrowthe batch size should be oricusing on a
batch size of one is equivalentaddressing a orgieceflow, somethinghat is highly
manageable anghich eases th creation of a system obntinuoudlow with theleast
delay

AlvesandTommelein, (2003) fuher developand argue that the smaller the batch the

higher the possibty of detecing problems or defects in the production line (site) that,
iftreatedina | ean fAbad news ear | pffersappoduoitiess i nf or
for creating amoother flow of work through the various workstations in a production

system. The snall-batches assembly strategy, stangamg and controlling the
assemblycycle, and process stabdtion haveled to a 105%ncrease irproductivity

in relation to the budget structui@ulhoes2006)

2.5.5 20MsInformation (or data) flow

Information (or data) and its treatment has become a key success fabesearch

for a stable flow, given that a larger and larger volume of data is used across the
industry. This increasestarted at the end of thE990sand accelerated with the
develpment offasttrack informationsharing (intranet) anthe internet.It has now
become Hhghly importantin ensuringreliable and accuratedata transfer anmmy
participants to avoid a sledown in the efficiency oblocking of the productiorfiow

that could be caused byelays and interruptions ithe information flow. Polatand
Ballard (2003) showethat dramaticeffectscan be generated hyaste in the total
chainof the workghat may be&aused bynterruptions and delays in information flow,
inefficient or neglectedrdering systems, inaccurate data transfers and long detays

required informatiorfAlves et al 2007).
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HowellandMacomber, (2006)resent the data flow as a loop that staitks a request,
is transformed ito apromise,and leads to @orkflow in the formof information and
materialsbeing releaseffom oneparticipant to the nexihe different stepthrough
which data should go through should then treceptuaked. The desigprocessnust
be as precise analccurate as possible to eake flow of information coordinae
interdependent flows and integeahe design withthe supply and site construction

constraintdo guarante@alue creatiorfLoria-Arcila & Vanegas2005)

Value is created by the flow, both for internal and external custoniérs.
transformation of inputs into outputsdieents (internal or externaiy delivered by the
suppliers andmaterials and information flofvom one to anothewithin theprocess,
throughvalueaddingand norvalueadding activities Meiling andJohnsson(2008)
advocate thatlata treatmerftas becoman important aspect of the possibiliythis

transformation and that information flow should be addressadyasther flow.

With the establishmentbf building information modelling (BIM) and other fast
information transfer possibilitiesnformation is shared at a higher and higher pace.
The adoption of efficientmethods for orgdsing and improving access to the
information has becomedcritical for the creationand maintenance ofa reliable
workflow. For this,many IT toolshave beerproposed to @omatially classily the
receiveddocumentand promote information flow managemence in place, these
IT tools can be furthedevdopedand adaptedtio optimise the irhouse information
flow management o company support a more global pull systeamd be fully
integratednto the performanceystem(Caldas& Soibelmar2002).

2.5.6 The concept of flow in the construction industry

The concept of flow has been investigated from menglessinceK o s k e(19849) s
seminal workon the subjectSeveral studies havyecused about flow tackling the
concept from different angle§he different approaches to the subject include the

following:
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0 creating flow in constructionSantos 1999; Santos et,a002; Alves&
Tommelein 2003 Shen& Chug 2008)

o tools to support flowBulhoes Picchi & Granjg 2005 Alves, Tommelein &
Ballard 2006 Gafy & Abdelhamid 2008 Tuholski & Tommelein, 2008
Senthilkuma®& Venkatachalag2009 Kerosuq Koskelg Miettinen, Maki, &
Codinhoto 201p

o mechanisms to pull productiqi€aldas& Soibelman, 2002; SackSoldin, &
Derin, 2005; Arbully 2006; Rooke Seymor Koskelg Bertelsen Owen &
Cleary, 2008; Brodetskaiat al.,201Q Tiwari & Sarathy2012)

o visual devices to increase transparen@ormoso& Santos 2002 Santos
Moser 2003 Tan Horman Messner & Riley, 2003 Nakagawa 2005
Schramm& Formosg 2007 Lima, Formoso & Echeveste2008 Chavadaet
al., 201Q Koskela & Patriciaet al.,2011 Brady, Tzortopoulos & Rooke
2012

o reduction of theCT (Ballard 2001; Elfving et al.2002 Walsh Sawhney &
Bashford 2003 Chin YoonJunget al.,2004 Sacks Goldin, & Derin, 2005
Jang& Ballard 2007 PartoucheSacks & Bertelsen2008 Chin, 2010

0 batch size reductiofAlves& Tommelein 2003 MaturanaAlarcon, & Deprez
2003 Thomasser& Nielsen 2004 Al-Sasi& Brown, 200§ Esquenazi&
Sacks 2006 Ward & McElweg 2007 Carneirg Filho, Alves, Nascimento
Carneirg & Netg, 2009.

Picchi and Granja2012) argue that despite the matydiesunderakenon flow, the
application of continuous flow in construction is still understooly in a fragmerary
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, égiogiyg

the impatant flow perspective.

They advocat that the construction procesbould beseen as #&asically 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 oppdsto understanding
construction as a complex and dynamic system where the complexity and its effects
should be manageatdirectly. They conclude by stating that, therefore, a new mental
model is needed.

Hopp and Spearman (1998)ggestedhat the application of quesing theores can

ease thélow processem asearch for stabilitystability as theconversef variability.

While Brodetskaia (2007) argue tratheoreticaluinderstandingf flow operationgy
the shop manageris needed, whiclvould help them make better utilisation of their
resource from day to dayand then lighterthe choice of the system to be used
Alsehaimi and Koskela (2008) furtheelaboratethat project management theory
focus®s on the transformation concept without consideeitigerthe valueor flow

concepts.

Sacks (2009) agregshallengng the meaning of processidremindng the readethat
Koskela (2004) showeldow established researchers, publishersaaralithorssuch
as WomackandJones (2003xould be in astateof confusion ovetwo keyconcepts
1) flow and?2) value generatiarThis misconception can leadrussingthe difference
and theopportunitiesthat each of the two conceptsing in the understanding of

performance generation.

At its origin, the concept ofeanproductionhas been based on the concegta to
better understandperformance as a whole. &ltonceptof value which has been
spready the quality movementith only alimited understanding afs meaning (too
often reduced to money generatidmslatterly been unified with the concept of flow
under thdeanproductionumbrella However,there is still a huge effort to be made
both in the academic world to bring clear definitions and inptfaeticalworld, to
understand the concepts of both value and flow.

KalaasandBolviken (2010) argue itheir paperThe flow of work in constructiors

conceptual discussiahat the lean literaturie still unclear and imprecissncerning
the concept of flow. Shingo (1988,232, 305 308) uses flow in the senséa chain
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of events, and he sees the distinction betwgrocess and operation as one of his main
contributions to production theory andl@@ngfundamental for the understanding of
production. He explains process and operation through-ditwensional figurewith

the processes flowing vertically (paraltel they axis) and the operations flowing
horizontally (parallel to the-axis). Processes are the chains of events during which
raw materials are converted into products (p. 3B5)cesses are object flows, flows
of goods p. 7). Operations are thehains of events during which workers and
machines work on items (p. 305). Operations refexr kmman temporal and spatial
flow that consistently centres around the wot(ge5) and are subject flowse.,flows

of people (p. 78).

Both processes anderations consist of four phenomena which differ in terms of
content:processing, inspection, transport, and delay (pjp8@2 When working to
improve production, processes should have priority over operations (piB13)0
Shingas main point isunderstood as being that maximising output from operations
implies suboptimisation, and operations should be coordinated to maximise overall
throughputor throughput timefor the flow of objects. Thisocusis central in lean
thinking and represents a psophy that differs fromfor example the Western
thinking underpinning methods addressing the economic order quattitiye

operations leve{Wilson, 1934)

WhenS h i n grogae appliedo construction, the procesan be conceived of as

the progres of the project, while the work undertaken by the different trades
constitutes the operations. A construction project is seen as a process of aggregated
subprocesses but not primarily comprising sequential but also reciprocal

interdependencies.

Operdions in constructions can be split into wgrackages wittitheir owninternal
flow (processing, inspection, transpormovementand delay). When wonackages
are aggregated, with all the sflbws involved, each package or task becomes a

process in Shgoés concept, influencing the progress of the whole project.
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Kalaas and Bolvikerdeveloped a preliminary concept of flow that contains the

following properties:

o Flow is seen as a chain of events

0 It seekso build and expand o8& h i n fipw éoscept vith the dimensions of
process and operation, which include processing, inspection, delay, transport
or movement and supportive work

The question is not whether production flows, but rather how it flows

Added value or addagsevalueis pat of theconcept.

Resultsshould be reworkenh flow with a negative value

o O O O

Construction work is discrete productjoand interruptions represent an
attribute to be considered rather than an assumption that theam is
uninterrupted continuous flaw

0 A distinction must be made between conditions for flow and the flow as such
o Both sequential and reciprocal dependenciesuiifding production must be

taken into account

2.6 Linking manufacturing and construction flows

This sectionpresents the links that can be found between the two contexts presented
in (2.4), In searchof production stabilityin the manufacturing industryhe growth of
flow theories and pull, and in (2.5, In searchof production stability in the
construction industry: importing flow theories and pull system&om the

manufacturingndustry and developing dedicated approaches

Section(2.7), Lean Construction research on SMEarrows the literature review to

address the concept the SMEand closes the literature review.

2.6.1 Two vs three types of flows

Car production andhe construdbn process have been investigated by Koskela

(1999). For Koskela, car production has two material flows:ntlst visible flow
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consists of the flovin the progressof vehiclesthrough the assembly line and tees

visible flow concernghe materials broughtb the assembly lint build the car

Manufacturing
plant

Flow of car bodies

IRERNARN

Flow of components

Figure2.6.2-1 lllustration of cars' manufacturing production flow

fiThe material flow of components to the site is comparable to that of car production.
The building frame proceeds through the different assembly phases (refenfigg to

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, taded

docation flond® (Koskelg 1999).

‘ Flow of locations ‘ Construction site

e

Flow of inputs (components and
materials, labour, equipmerms

information, auxiliary tools)

RERENAR

‘ Flow of trades ‘

Figure2.6.1-2 lllustration of construction site production flow
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While aconstruction building is static, a car body is (inherently) dynaamd while
trades are dynamign a construction site, the waitltions in a manufacturing plant
are staticWe cantherefore definea construction sitas anassembly line in multiple
locations Any givenactivitiescan be performednly when alltherequired input flows
with  minimaly required volumes appear simultaneously each location
(Brodetskaia2007)

Just like in a manufacturing planie productivity of thewhole constructiomprocess

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 whagdeoject chain i creates @ottleneck).The
acceleration of production of only a single trade leadart@ccumulation of work

locations in front of the successive trades.

In searchof a highpacel continuous workflow, construction managers are often
tempedto push new locations into productitmcreatea pull flow (.e.,large surfaces

of trade production) without necessarily understanding that it mainly incrééises
and production CT.

2.6.2 Improving flow

Given the high volatility of themergenimarketin JapanO h n digtsntention in
developingwhat would later becomlean strategiewas toimprove the efficiency of
develping and deliveing new moded of carsat Toyota While Henry Fordfocused

on the process and mainly the process, later cétiedlow-based strategyOhno
decided to get a broader view of the value chain that would eventually lead to customer
satisfactionthe valuebased strategyas born(Howell, 1999).

Ohno aimed to be able to adjust each car accorditigetoustomed seedsBejder
(2005) narrowsthis downand states thdivalue can only be defined for the critical
customerand is only meaningful when expressed in connection with a specific

producbd.
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The seminal concelin the lean approackasthe analysis and undéasding of flow
This led toan emphasis on value arson after, to the concept of wastdichshould

be eliminatedShingo (1988) identifies two types of flow:

fProcess refers to the flow of products from one worker to anathedris,

the stages tlmugh which raw materials gradually move to become finished
products. Operation refers to the discrete stage at which a worker may work
on different productsi.e., a human temporal and spatial flow that
consistentlycentreson the worked

In the constructon industry,flow-based theories caitheremerge from the analysis
and transfeof conceptual and theoretical theories from other industries (e.g. &opp
Spearmanl1996; Womack et gl1991) orwhenthe particularity of its environment,
as described in.2.1, aresuch that there is a needfto the industry talevelopits own

theories (for example, Koskel2000;0 6 B ret at, 8002).

Many studies that address production management in constructibasse orthe
thinking developed in Womack and JodkesanThinkingwhichis based on the TPS.
Continuous flow is the undging goal that all these studies aim watich can be

reached by

fiproducing 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 requestethbyext step (LEI 2003,p.

9).

For Hopp and Spearman (2008he issuearisesfrom that where variability in a
manufacturing production settimgme from two sourcegl) the time for a given task

to be executedt a workstationand @) thearrival rate ofthe tasks at a workstation.
Various types of variability, including those mentioned by Hopp and Spearman,

impact task workflowin the construction industrgnd impose a challenge to project

89/412



teams in managingorkflows, especially duringhe designstage ,which comprises
iterative processes fluctuating between th& n ewvaldéegpropositionand various
design altematives (Ballard 200QBallard, 2002).

Through increasingly morditerature, thedifferencesin the process approach and
environmentsas well aghe similaritiesof the lean approacim construction andn
the manufacturingindustries are betterapprelended However, Koskela, (1992)
warningin his analysis of theonstruction production systertisatthese systemare
anything but smooth and continuostdll stands Koskela argue thatthe waste and
suboptimal uses of resources in tbenstructionindustry are responsible famany

interruptionsin the construction flow

Lillrank (1995) later identified that translathg the conceptsand tools from the
manufacturing to the constructiondustryrequiresgreat efforts ofgenerakation
Lillrank went to sayhatadaping and importinghe concept ottontinuous flow tdahe

constructionndustryinvolveda great challenge.

For Shingo (1988)the analysisof a system of production requires thia¢ system of
production in the manufacturing industry is structuoedtwo pillars: process and
operationswhich should be treatedifferently.

AProcess analysis examines the flow of material or product; operations
analysis examines the work performed on products by worker and
machined

The view of the onstruction n d u ®peratiodas Bow is akey concepboriginated
and developedh the lean constructiomommunity Ballard and Howell (1999) and
Koskela (200) proposd thata construction sitevasthe physical expression tiree
types of flow material flow, location flow and assembly flowhey contragtdthese

three types of flowvith thetwo types of flow that can b@bservedn amanufacturing
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factory. material flow and assembly flowKoskela (2000developed the three types

of flow from the construction industnd proposed three models of production

AiProduction is a transformation of production factors into the product
Aprodwction is a flow of material through the production sysiem
fiproduction is value generation, fulfilling the custonyenseeds and
wishe®

2.6.3 Theory of constraints

According to theheory of constraint@Goldratt 1990), overall manufacturing system
throughput $ strongly dependent on bottleneck scheduling and the bottleneck
production rate. Goldratt (1997) proposed the dhufier-rope scheduling technique

for entire job shop scheduling. The overall duration of a project is directly dependent
on the set of taskshat comprise the critical chaicpnsideringboth resource and

precedence dependencies.

Once the critical chain activities (bottleneghre identifiel and duly scheduled, nen
bottleneck tasks can be planned backwartl forward, depending orthe limited

capacityor productivity of the bottleneck.

According to Brodetskaia (2007), production processesnstructiorhave dloating
bottleneck. At any stage of projgmiogressanytradethatslowsdownits production

rate or lingersat anylocation may become a flow bottleneck. Therefore, under the
bottleneck scheduling approach, effective sisddiion of construction flow depends
on the ability of the works manager to identify or predict which activity is the
bottleneckin theprocess atray time ando schedule or manage it properly to ensure

continuous workflow.

2.6.4 Takt time planning

Taktis aGermanword that orginates from thenusicworld. It can be translated and

simplified asrhythm In an industrial world, this notion has been usehdacatethe
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division of the work sequence, timed per shift, thalisttedfor a singleavailable
piece ofwork based orcustomer demandat a preciseate per shift (Rothef: Shook
1998).Liker (2004) lateproposedh simplified definition

ATherate at which the customer demands the product hedce dictates
the rate at which production should take place to meet those demands
exactly on time without generating unnecessaventoryo

Licker (2009 claimstakt is the heartbeat of ofpece flav. Designing and addressing

a production line withite application otakt eases meeting the customer demand as
each piece flow can be seseparatelyLiker 2004).Translated intahe construction
industry takt timecan be seen #éise overall progresstethat should dictate theork's
pace Eachactivity should have the sanadottedtime, trackedto move at the same

pace andeduce or virtually erasganyvariability for constantlemand.

For Kenley et al(2009, the impact in the construction industry would beearease
in the overall durationof the siteand consequentlya decrease ithe coss$ of the
project. However, in the real wtd, given theheterogeneityof the activities,
contractors and environments @tuations), the application tdkt time requireshat
production rateare balancefietweeroneactivity to the nexso thatproducs do not
accumulateon site or that there is no discontinuity in the flow of w@Hopp &
Spearman2008).

The concepof taktwhenapplied to construction has not yet been widely investigated.
It wasfirst presented at IGLC conferences on production system designtaking

time. Frandson et a(2013) proposed a refined definition of takt time:

AThe maximum number of days allowed to complete ata#ch locatiord

92/412



2.7

Takttime-based planning, or takt plannirftas been testemh a daily applicatiomn
the Sutter HealtiVo me mmalG h i | dCenéen(d/G&C)construction site. The study
by Linnik et al. (2013presentec very encouraging resuthe project was completed
in half the forecasted time. In their case study, Evinger.R@l3) compared the
productivity of a traditional assoon as possible approachand a locationbased
management system thaduld be assimilateavith a taktbased approach.

The studywhich was conducted in the same building with the same ,areported

18% improvement in the productivity and 10% in the production rates in favour of the

application of takt planning.

Lean Construction research on SMEs

While Sectiors (2.3), Pull systemand production flowstability, throughto (2.6)
Linking manufacturing and construction flowsesented these of production flow
theories in the context ¢iie manufacturing and construction industri®sgction(2.7),
Lean Construction research on SMEsirrows the literature review to address the
context ofSMEsin the construction industryyhich are in thecentreof the approach
developed in the research undertaken in the coofekis thesisSection(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 pointedut that even if SMEs often constitute the largegtroup in
construction supply chaindiscussions have rarely focusedtba application ofean
construction in the context abnstruction sitetheyoperate Sectorlevel analyseare
even scarceilezel(2017)claims that ér an extended disseminatiomdadeployment
of lean constructioracrossthe construction supply chains in different sectors, it is

essential to gain a better understanding t he i ssue from t he

Tezel et al(2019) made aystematic literature review on theseach onapplying
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lean construction and BIM in SMEs in constructiohhey found that the current

discussion orthe adoption ofeanconstructionfromtheSMEs 6 per specti ve
limited. They showedow the number of publicationsas stable year after year and
thattherewas 0 si gniycant difference between t he
and Brazilian institutions in terms of research outfiushouldbe rememberedhat

thelGLC annual conference and the Lean Constructientin t ut e6s Lean Con
Journalare together responsible toalf of the publicationslezel et al(2019) recakd

that athough therevereno barriers to entry for the larger research community, such

an implicit, closed community feeling in the i€search scenead beersubject to

criticism before (Green 1999; Green et al. 2005; Jgrgensen and Emmitt 2008). More
diversityin the publication media is deemed useful for further dissemination of this

research focus.

It is to be noted that at the staftthis researcim 2011 not a single papdrad been
issued in francophone papers on the applicatioreari in the SME worlénd that
nine years latetijttle more haseen published in French. Thessemination of lean
construction in the Frenetpeakng countries (mainly in France, Luxembourg,
Belgium, Switzerland and Mauritiushas been pioneeredby the promotion of
specialsed consultants whbave made certaintools and approaés available to
SMEs. Of course, the bias of a consultant shouldcbasideredhere andwill be
discussed ilfChapter3.3.1.3.

It should also be highlighted thaalthough some clierdriven contractual LC

obligations imposed on construction supply chains do exist (e.g., higbwaply

chairs in the UK) (Tezel et al. 2018), currently, there are no governa@regn
mandates and no largec al e support groups targeting
implementations like the BIM implementation scene in the (IEzel et al. 2019).

Some otlr initiatives exist in lean construction supported dignts in French

speaking countries buost of themare driven by consultancies verylargescale

construction sitesnade by very large companiggérnationalgroups These include

the EuropeanPaliament Office in Luxembourg 450,000s g m500 nillion works

turnover) the PullmanHotel and shoppingentre Montparnasse in Parid%0,000
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sgm, 4200 million works turnover)and theOlympics real housingrojectin Paris
(200,000s g m, millibrbwdrks turnover).

It is to be noted that in most of these large construction sites, a BIM approach either
was promotear adopted well before the lean constructapproachwas brought to

a n y o attentos In brief, neitherthe clientsor the SMEs seento bemature enough
regardinglean construction tadoptthe approach and genesralit, ashas happened

with BIM.

Alves et al. (2012) argue ifavour of selfpromotion of the leanconstruction
community based on succégdscase studies that carflext the benefits thadll the
stakeholdes can get from such an approach at various stages of the project, whatever
the size of the contractor($jor Alves,it can be useful to promoteanconstruction

for SMEs at the sectoral or national lebett it is also down to the LC community to
create this attentiorby demonstrating business casand activating diffusion
mechanisms

With fewer than five papers yearlytwo-thirds publisled in conference papersdan
onethird publishedin journak), the SME and Leartopic seems largely under
represented in the research bibliographgbles from Tezel, 2019).
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SMEs and
Year and publication type Lean

Conference paper
Journal paper
2009

Conference paper
2010

Conference paper
Journal paper
2011

Conference paper
Journal paper
2012

Conference paper
Journal paper
2013

Conference paper
Journal paper
2014

Conference paper
Journal paper
2015

Conference paper 3
Journal paper

2016 4
Conference paper
Journal paper
2017

Conference paper
Journal paper
2018

Journal paper

Grand total 34

2004 1

- Conference paper 1

SMEs and 2005 1

Publication type Lean Journal paper 1
Conference paper 23 2006 1
Journal paper 11 Conference paper 1
2007 2

Grand total 34 :
1

RN N

w Wow RN N B BNW

'S

NN N S

Figure2.7.21 A SME and L e a nundetreprpsented ih the rgsealcly bibliography (tables from Tezel, 2019)
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The researchdheninvestigated the papers presented in T¢2@19) in search for
previous research on the concept of stability in the context of S&vatopedvithin

the preset researchlt was found that none treated the concept of stability

SMEs and
Year and publication type Lean
2004 1
Conference paper 1
2005 1
Journal paper gtapl|“ty g"s t?]e ConceF’;[]

eveloped In this researc
2006 1y P )
Conference paper 1o
2007 20
Conference paper 18
Journal paper 1y
2009 0
Conference paper 8
2010 4
Conference paper 2
Journal paper 20
2011 20
Conference paper 29
Journal paper 0
2012 3
Conference paper 28
Journal paper 1y
2013 40
Conference paper 28
Journal paper 20
2014 30
Conference paper 3
Journal paper 8
2015 3
Conference paper 30
Journal paper 0
2016 40
Conference paper 40
Journal paper 8
2017 40
Conference paper 20
Journal paper 2
2018 2
Journal paper 2
Grand total 34

It was alsofound that despite that sonaeademic articlesuch asBjornfot (2007),
Sachset al (2009), Mota et al (2013), Sousaet al (2020) relate to the concept of

stability, none of themeitheraddress this concepsworkssynchronizatiorby SMEs
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2.7.2  Critique of the state of literature

Tezel (2009yecogniseshat the vasinajority of the literature, even if quilemited as
shown above, imdves demonstration of the implementatiohlean construction
techniques at SMEs through pilot implementations and case stid®isedon
operational aspects of the approdgreen et al(2009, Jargensen and Emm{&008),
Alves et al.(2012, Wandahl(2014 andCano et al(2019 havealready pointeaut
thei nsufyci ent t h e othepasilive dabvhea theldamcorsttuctionn
approach is addressedto SMEs. Most research focggs on organisational,
procurement, training, and project governanssues to be addressed bgan
construction toolsvithin the context of academic research.

As a consequence of this statdlefart, one could argue thatethack of scope in the
research, th limited number of publications and tlmited dissemination of the lean
construction approach in SMEBas narrowed the research focus and negatively

affeciedthe access of SMEs teanconstructionresearch.

In conclusionalthoughlean constructiohas gained credenae large companies and
large projectsthisis far from thecase withSMEs. Lean construction research and
project casebave beemnainly iconic andeyond theeachof the vast majority of the
regularconstruction industrythe SMEs.This situationwill most certainlychange as
important stakeholders amd/clients impose learapproaches irtheir operations.
Then the issue of training will emergsomething whiclis notconsideredere.Tezel
(2017, 2019)advocateghat amore critical and SMEocused researchreais now
required.This thesis, fully centred capplyingleanconstructiorapproaches to SMEs
seeks tdill this gap.
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3 Research methodlogy

Given the context of the researgthichis mainly based on human facs, the choice

for a research methodology has not been a straight pathchEgterelps the reader
understand how the methodology of the research has been chosen and then developed
and adaptedand hav data were collected on the thrédocks of real estate

development over é&yearperiod.

The concepts of action research and design scigmateare the two main relevant
approaches in the context of this reseanehfirst presenteand detailedAfter having
discussed and comparedettwvo,they ardinked with thecase studgpproachhathas

provedto beappropriate hete

o The firstsection (3.1), Introduction introduces thechapteras coveringthe
research methodolognd provides the general frame of the research.

o Section(3.2), The doice ofresearch methqdpresents the choisdor the
research methogaction research and design science reseditut) Section
(3.3, Recentresearch ito the search for consensuseports onthe recent
literaturein asearch fol consensuis those two approaches.

o Section(3.4), Conclusion presents the findings andased orthese,Section
(3.5), Justiication for the choice of reseanstethod justifies the choice of the
research method.

o0 Section(3.6), Proposed method: multiplease study from design science
researchintroduceshow the method has been appliéd the context of this
research an€B3.7), Data collectiondescribesow the data were collected for
the thesis.

Chapter(4), Research processethen develops the procebssed orthe research

method developeldere
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3.1

Introduction

This sectionintroduces the research methodology used in this research. The following

sectiors of thischapterdevelop the path that the researcherfbewed, howthedata

were collected and whyhis research procesgas chosen

According to Kerlinger (1973)

AThe basic purpose of scientific research is to prodadheory (i.e. to
understand and explain phenomen#)eory relates to a set of interrelated
constructs (concepts), definitions, and propositions that present a
systematic view of phenomena specifyiglgtions among variables, with
the purpose of explaining and predicting the phenondena.

Kerlinger (1977)goes on to sathat

fa scientific study is systematic, controlled, empirical, and critical
investigation of hypothetical propositions about thespraed relations
among natural phenomemaA hypothesis is @&conjectural statement, a
tentative proposition, about the relation between two or more phenomena
or variableso | n ot hnahe academialald, a hypothesis should

be understood a& propaositional form, almosBoolean fiif, then,elsé t h a't
helps structure angrovide predictions for futureesearch

Buckley et al. (1975) insistion the importance of meeting certain criteria to conduct

quality research:

(0]

O O O o o

anorderly investigation of a defineproblem

the use ohppropriate scientifimethods

adequate and representative evidence

logical reasoning, uncoloured by bias, employed tadmanclusions
ademonstratiorof the validity or reasonablenesstbé conclusions

the generation ofgeneral principles or laws that may be applied with
confidence under similar conditions in fiséure, yielded from the cumulative

results
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While the aim of the research and the scientific disciplineocgmt thechoice of an
appropriate research methduohding it remainsa long though key journeyfor any

researcher. For Remenyi et al. (199B8gtwo main drivers should bée topic to be
researched and the specific research quesWan.Aken (2004 proposed three

scientific disciplinesindcorrespondingnissions:

o The brmal sciences, such as philosophy and mathematios at building
systems in their own eesystem thatcan be tested internally and in the
theoreticalfield. Theories play a central role in the approadteslopedn
the formal scienc® that, one could say, autenerateand autofeed new
theoriesn a single, closed environment.

o0 The &planatory sciencesuch as the natural sciences ahdmajor chapters
of the social scienceaims at explaiimng the world as we see ©bservation,
description, explanation, and prediction arefundamental stepsf the
explanatorysciencs. Following these stepshould lead theesearchr to true
propositionghat on the basis of the evidence provided and on the rigour of the
analysis, can bacceptedas trueby the scientific communityExplanatory
science is sometimes regarded st scienceas opposedo formal science
which areconsideredto behardscience.

o Design sciencesnclude the engineering sciences, medical sciences and
modern psychotherapyesign sciencenay be seen as soft science with a
hard core or as a hard science with a soft ddesignscienceaimsto develop
solutiongo betested througkhereaction ofartefactsAn artefact isa problem
(or a constraintthathasbeenidentified in thepracticalworld that needs more
than intuition andnake ddo be solved, capturezhdintegratednto the body
of knowledge andthendisseminated.

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, Suér Health (priveg healthcare operator) and DRgeneral

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 pAgject.
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notedby Dave et al(2013) in theUK, the Heathrow Terminal 5 project, Network
Railés Borough Viaduct project and the Highways Agéadgidston Moss (Costain)

and M4/M5 Automation Balfour Beatty)projectsare other largascale construction
projectswhich madeuse oflean construction pmciples. Laing @Rourke (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 condwctesatding tolean

construction principleby SMEsremain limited, however.

The scope ofthe research has been narrowed to address a gap in the body of
knowledge: understanding the effects of the applicatiofbowf-basedmanagement
systemon mediums i ze sites (02150 mill i osizedwor k
companies (200 employeesyvhich representsnost ofthe construction sites in
Europe.

Finding, justifying, testing, developingimplementing, and closing research
methodologys a key sequence in the doctoral reseprobessThe researcher should
take careof and accountor the entie process of doctoral pat: from understanding
the grounding concepts and theoriegproposing the development of new solutions
through data collectionand analysis of the problems investigatedResearch
methodologyfocusse®n grounding the sequencasthe research in the problem that
will be investigatedThus, althougta rangeof research methimlogies coexist in the
academic worldonly a few will fit any researchés project Wedawatta (2013)
claimedthatthe researcher shoutdy speciaattentionwhenidentifying the research
methodology that best suitise selected topi¢he problem,the environment andhe
category of science to be addreskmdat least two reasont achieve the objective
of the research and develop new knowledge ,apdrhapsmost importantly, to

establish the credibility of the wark
As developed in the followinghapter this thesis has been builh the development

of a hybrid approachthe combination of design science and i@ct research.

Subsection3.2.7), The action research approach (differentiated from consultancy)
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3.2

explainsthe action researchnd (3.2.2, Design science researcklesign science
Section(3.4), Justifcation for the choice of researchethod presents a justification
for their application in the present research contad (3.6), Proposed method:
multiplecase study from design science researalescribesthe mixed research

methodology.

The choice ofresearch method

3.2.1 The action research approach (differentiated from consultancy)

fAction research is a method of learning from changing one paraoratesrein a

structured learning process from the real world.

AAction research aims to contribute both to the practical concerns of people
in an immediately problematic situation andth@ goals of social science

by collaboration within a mutually acceptable ethical framewrk
(Rapoport, 1970).

Blum (1955)sawaction research astao-stageapproachFirst the researcher should
conducta diagnosticdhatinvolvesa collaborative analysi of the social situatiothat

leads to the formulation dfypotheses based on the nature of the research domain.

The second stage is tare 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 apivase cyclical process for science.

fiThe approach first requireshe establishment of a cliesystem
infrastructure or research environment. Then, five identifiable phases are
iterated: (1) diagnosing,(2) action planning, (3) actictaking, (4)
evaluating and (5) specifying learning. The figure below is a diagramsof t
action research structuralcycte. Ever ed (1978)
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Figure3.2.21  Adapted from Coghlan and Brannick (2001, p. 19).

As recalled byLungo (2003),Heclient-system infrastructures the specification and

agreement that constitutes the research environment. Baskerville €rg9éy that

the undertaking is a collaborative dot essencewhich is a key aspect of the

infrastructure.

The researdadrs work within the environment and eesystem of thepractitioners

within the clientsystem.The practitionersknow best their environmerdnd the

subjectto be studied within thenowledgesystem They have a deep knowledge of

the insightthat isnecessaryo investigatetheissues that should be addressed as part

of the study To clarify, Baskerville (1997) advocates that theactitionerscan be

consideed

flas part of a set of actors who are oriented to the solution of practical
problems, who are essentially organisaib scientists rather than

academic scientists.
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In the case aheresearch, the clierstlystem infrastructure is given, and the boundaries
of the actions that can be conducted are determined by the contract thidue @lksnt
andthe company. The cordct and the scope of actiongre jointly decided upon
with the Client and the plan was to work on three developrbotks consecutively
and to build iterative knowledge and experience, exploring further improvement
opportunities at each stage. HenB&gck 1 would be used to initiate a lean culture
supported by fundamental tools such as LPS and 5S (the twdissiri and seiton).
Block 2 would present an opportunity capitalise on the experience and knowledge
gained fromBlock 1 and to decreaselérance in the respect of the fundamental tools
(increase PPC) and secure the three3isftom the 5S approach (i.e. seiri, seiton, and
seiso)Block 3 would allow a consolidation of the good practices gairad 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 threeblocks would itself be made up of s@ssive action research cycl@he
researchtherefore comprises three distinct action projects within which cycles would

be undertaken.

One difficulty in this situation wathe external positiorof the Author of the thesis
not as a researcher but as a consult@onsulency is commonly viewedas a
temporary activityone which bringexternal expertisebjective analysis, specialist
knowledge, or the benefits of cresgyanisational experiengéhile keeping a constant
level d permanent employegSteele 1975)A scholaty work made by a constant
is often seenas partof the regular organisational developmergrocess Many
management fieldsaveadoptedhe support ofhesespecialist§o grow new expertise
internally (Kubr 1986) Lippit and Lippit (1978) describe therocess of organisational
consultationasone of successive phaset) engagement) analysis,3) action, and

4) disengagement.
(1) A consultant is introduced into the organisation under a formal contractual

agreementThe consultant ithuslinked to theorganisatiorin the search for the

deliverablewhichis the critical output.
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(2) During the analysis phase, the consultant studies the organisational elements to
identify problem areas and possibl@utions, concludingvith thepresentation to
the managenr of the organisationf a consultancy repaorThis report typically
proposes various actions to be undertaken to bring concrete answers in the search
for the deliverable.

(3) The action phases the concrete part of the consultaneere the organisation
undertakesactions.According to the roadmap and depending angtbjectshat
have been discussed by the managembat;dnsultant implemestthe ad hoc
actions,which mainly originatein his’her experience.

(4) The disengagement phase is determinbdneither the deliverable idelivered,

or the mission (temporally fixed) has come to an end.

Bakersville (1997) argues that

ficonsultancys 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 twing identified actions
leading to successful outcones.

In essence, a consultant is not necessarily interested in maintaining strong academic
rigour since the resulthe delivery of whichallows feesto be claimed) is of more
importance than the path Folved to attainit. A consultancy is managdike 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 (fixedBo, in order to maximise profits, a consultant must
decrease operational coggeneratammediate biased results and be resfdtsised

thisis mostly incompatible with academic rigour.
Seashore (1976) first noticed and warabdut the natural biasdhcan exist between

being a researcher and being a consultant. Seét@ré)pointsout that therational

link between actiorfconsultancygnd research should particularly investigated to

106/ 412



avoidthe natural tendenayf professionadto actasresearchrs Eric Trist (1976) also

pointedout that

0 t his 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, eitbr 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 0

ForWarmington (1980)it is a trap fothoseaction researchevgho want to gain credit
to pretend to have foursbme definitive techniques or packaged methara$to be
able to make their own recommendations to the organisation concedfoed.
Warmington (1980) good position in the research act for those reseaiisherstand
as if they werdellow students, collaborators amyestigatorsin other wordsof equal
status withhe other stakeholders of the research environriiérg position would be
best toavoid distorting the realityn realitythough, thismayprovemore difficult and
ambiguous than this picture would suggest.
As an answer to Trist (197@&nhdWarmington (198Q)Gummesson (1988) proposed
four factorsof rigour that should be followed bytleer a consultant or by a researcher
to avoid ambiguity and professional bias the definition of the position of the
scientist.
For Gummesson (1988), researchers need to be more rigorous than consuttents in
following aspects

(a) documentaryecords

(b) theoretical justifications the action research process that is a cyclical process,

(c) consultants require lesgjorous (often undetailed) empirical justifications

(d) clients often set the limit of the rigo (attached to the prigeaid for the time

of the consultant)
(e) themission of aonsultatis oftenlinear. engage, analyse, act, disengégam
Lippit and Lippit 1978)
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Baskerville (1997) summaridehe key distinctions between consulting and action

research as follows:

Action Research Consulting
Motivation Scientific knowledge, Profit, proprietary knowledge
publication
Commitment Dual: research community, Client only
client
Approach Collaboration Extemal, independent study
Foundation for Theoretical framework Empirical tradition
recommendations
Essential source of Experimentation Critical analysis
understanding
Explanations Idiographic solutions Universal solutions
Client's_side benefits Contingent learming Knowledge transfer
Table3.2.2:1 Key distinctions between consulting and action research

Fromall the above, the consulting researcher (or researching consultant) should take
extra care to focus on the researchtaaaltthe 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 onetlyuest for scientific knowledge that is not
incompatible with profit, profigenerated througmaking a client happy by having
improved operations and knowledge, not prgéiherateds a priority. The knowledge

and experience gainad this regards then shard with the academic world to be

disseminated, a fundamental difference from a classic consultancy approach.

I am, thereforecommitted to both the academic and practical wavith theapproach

of the researchdrased on collaboration withe Qient, who is deeply involved in the
research. The recommendations come mainly from the theoretical framework,
althoughsome empirical experiendeshelpedin choosing the acti@to be tested.

The explanations of the findings are constructed within theracesearch 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 disseomnat

From the above, iis clearthat, althoughthe researcher ia consultant and thahe

Client first contracted me as such, changing into a researcher was necessary to
guarantee the academic rigour and scientific validity of the findFrgsn the abve,

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)statesthat research based on design science is largely described as
research applied to ¢hdevelopment of innovations that sawexisting practical
problems and malsecontributions to a body of knowledgeukka (2003)advocates

that when the research aims at the production of innovative constructions, a research
approach bylesign sciences appropriateespecially if theintert is to bring concrete
solutionsto solve problemthat practitionergace in the real worldndseek teexpand

the body of knowledge anttheoiies of the disciplineunder investigationWith the
growth of human science and sociolodyarch and Smith (1995escribethe main
purpose ofdesign sciencas a way t@address problems created loymansand find
solutionsthatwill help them March & Smith, (1995)ividedthe outcomes of design
science into four categories constructs or concepts, models, methods and
instantiations The relationships between eacare defined below (March & Smith,
1995).

3.2.2.1Construct or concept

A construct is an idea dheory,typically one considered to be subjective and not

based on empirical evidena@mprising various conceptual elemeivisood, 1986)

Given the singularity of the environment of the research (each design science process
operatesn adedicated zone), it is necessary to defim@m@struct(or a concep} that

defines and setihe vocabularfor the observedlomain.The constructwill help in
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conceptuaking and describing the issuesbe addressed in the domaimd anticipate
the solutions to be developeks proposed by Hull & King (1987), constructs cany
in forms and formatgrom the mosformalised as in semantic data modelljagities,
attributes, relationshipgjentifiers,and constraintsp the mostnformalforms, as in
cooperative worklin brief, the environment (technicity, complexipjuralisms etc)
will define the level of formalism requirdédr theresearchOf cour®, a construct can
be seen a micro-level (individual, small group) to a mactevel @norganisation as
a whole or society) and interdependencies between consshumidd be identified
(Smith, 1995).

3.2.2.2Model

The formal interdependencies betweemnstructs constituteraodelexpressed in the
form of a set of propositions or statemertsat can be eithedescriptve (a
representation of how things am) prescriptve (a statement of how things should
be). Formaking the model will help the resedrerto map the construct and better
understand the environment of the research f&iduldthe researchemaveonly a
limited knowledge or understanding of the domain. Modelling can then be very
limited, leaving moreoom for intuition which can latetbejustifiedin the light of the
results as part of theerative process that is inherentdesign science.

3.2.2.3Method

The model provides a representation of the space in vetétds the problem and
perhaps,the solution,and the constructsf a languageBoth the model and the
constructgogetheform the base on which the method can be drawarch & Smith,
(1995) define amethodas aset of stepghat can be highly formalise¢e.g., an
algorithm or guidelineand which are used to perform given task. A model can
indicate a method asputs can be taken from the stepsthe model.Solving a
problem in a different environment can then ask the reseapeovide a broader
view of the problem and useethods taconvertonemodel to anothepy retainingthe
original method

110/ 412



3.2.2 4dInstantiation

Instantiating means realising an artefact in its environment where the methods are
operationalised. Vaishnavi and Kuechler (2007) de\eltipe concept of instantiation

and argud that design science supports better theorisation in two ways

First, design science can address a problem thay affectmany people and
communitiesn different environment®eveloping giece ofdesign science research
(DSR) may providetheorisingfor many communitiesand itcanoffer experimental
proof of methodoy essenceor even arexperimental exploration @ methodthat is

beingdeveloped as the reseaisitontinuing(as part of the iterative process).

Seconddefining (refining,understading, formalising conceptualising, detailing) the
artefact can be an output ofstantiationby an exploration into theelationships
between its elementJhis canbe achievel by better explaininghe elements of the
artefact andmaking them more visibleThe refined artefact catmen be used to
questionpreviously theorised relationships (Vaishnavi & Kuechler, 2007).

Van Aken (2004, p. 228) describéetoutcome of design scienes a technological
rule: ca chunk of general kmdedged which emphasies the importance of the
outcome in the design research procassa desired outcome or performance in a

certain field of application that can be found fromrgervention oiby anartefact.

Lukka (2003)explainedthe design scienapproach and restated asre featureg-or
Lukka (2003), a design science approach should:

1 focuson areatworld issuethat can be either expressed or shared by the
practitioners or identified by the research itself as part of the iterative process

1 provide innovative solutiors that should (at least parthygolve the initial
practitionets realworld problens

1 test thedevelopedolutionandvalidatel its practicalapplicability

1 create a research environmehét encourageslose involvement and €o

opeaation between the researcher and practitioasrkey to develapg the
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conditions ofexperiential learninghat will later lead to the construction of
theartefact

1 ensurehe link with prior theoretical knowledge that shoakplicitly appear
in the resarch method to groundegitimacy for the creation of new
knowledge otheapplication in the field observed

1 Practise lbse research by linking thempirical findings within the

concomitantheoresas a wayf providingareas for further research

Hence, aDSR approactis both experimentabnd iterativeby nature The aim is to
develop and implement new artefa¢solutions to a given problerthat should be
regarded as a test instrument in an attempt to illustrate, test or refine a theory, or
devebp an entirely new one (Lukka, 2003).

While much scientific researcstars with theories and testhem in practice (or in
modelling the reality), DSBngageseality the other waground Lukka (2003Yecalls

that DSR originateBom a morepragmatt philosophy of scienceonethat advocates

that by a profound analysis of what works (or does not work) in practice, one can make
a significant contribution to theary

Henver et al. (2004)escribedlesign science as a rigorous proasss
0 designng artefacs to solveobserved problems,
0 making research contributions,
0 evaluaing designsand,
0

communicaing the results to appropriate audiences.

ForVenablg2006) DSRis arigorousinventive problerrsolvingprocesghatfocuses

on developing and producing artefacts and artificial systems with desired properties
that will then be further implementested and refined to bring new artefacts to the
practicalworld and extract new theorigbusfeeding the body of kiwledge Kasanen

et al.(1993 andPeffers et al. (200MighlightthatDRS has been widely used in the
technical sciencesuch asnathematics, engineering and clinical mediclng thatit

has also been tested in softer scienceshastiecome an important activity ffields

like architecture, engineering and urban planning.
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Brady (2014 )pointsout thattheconstructionndustry started to use DSR as a research
method, construction being directly linked withople While in other industes most
processsinvolve machineryand therefore, carbe easily copied the construction
industry processes still rely a loh human interventions (anthus bias).Barker et

al. (2004) were the first to test the application of DSR in the construction industry
theyproposed a modef time compression for construction proje€a Rocha (2011)
laterdevelogda frameworkor cusbmisation strategies fone housingndustry, and

then Rooke (2012) proposed guidelines to improvewayfinding in hospital
environmentsAnotherexampleis the researcbarried out by Oyegoke (201L&n the

development of a specialised tamiganisation prourement approach

To concludeas Van Haken (2004tates it is important to understand and keep in
mind thaf contraryto more traditional research processes, rigearch in design
science airato produceand applyjknowledge of tasks or situations to create effective
artefactdn the form of new applied solutismatherthanproducegeneral theoretical
knowledge

3.2.3 Design science steps

The main issue ISR concernsthe ability of the researcher to build the above
conepts, models, methods and instantiatianan academic level, or in a forntlaat
is innovative and valuablenough to be&ecognisedy a scientific communitywho

areused tamore traditional approaches and justifications

March and Smith (1995)ropo®d a new way of conducting research in the form of
combiningthe real world and the academic wonidth the former providingoncrete
issues that the latter would address and propose artiefla¢tsom this,design science
was bornDesign science igriented tacreatethings that serve human purposekich

is also called thduilding phasgthe performance of the solutions created should then
be tested and validated back in the real wofldis phase is called thevaluating

phase
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0 B u iidthk pracgss of constructing an artefact for a specific purpose;
evaluation is the process of determining how well the artefact performs.
March and Smith (1995)

Peffers et al. (2006) proposed tigure below providing a research process model
for DSR ThisDSR 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.

Nominal process sequence
I |
PROBLEM IDEN- OBJECTIVES OF DESIGN & DE- DEMONSTRATION EVALUATION COMMUNICATION
TIFICATION & ASOLUTION VELOPMENT
MOTIVATION i Find suitable |, Observe how > Scholarly pub-
What would a Artifact H context Q. | offective offi- | 5 lications
Define problem | 8 better artefact > Lo E g dent g g
o sccompish? | 8 o8 | Useartofactto |©2 @3 | Professional
Show impor- 2 & 3 solve problem | § § lterate backto | 3 & publications
tance = & ) 5 < desian [ap
I T T I 2
PROBLEM CEN- OBJECTIVE CEN- DESIGN & DE- OBSERVING A
TERED AP- TERED SOLUTION VELOPMENT SOLUTION
PROACH CENTERED AP-
PROACH
. . re =
Possible entry points for rescarch

Figure3.2.31 Designscienceresearch process model (Peffers et al., 2006:93)
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3.2.3.1Step 1: Problem identification and motivation

This first step aims to define the research problem and validate the significahee of
proposed solutionln this way, he readerswill 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 fivathe development of effective artefadtgp
important aspestof the design science approaciust be particularlgeveloped and
justified: defining the problem andustifying the value ofthe solution. The links
between the problem, its justification, its value and context help to capture the
complexity of the problem and build a justificatidar 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 itor

The solutionwill then have tobe accepted by the audience of the research. The
researcheassesss validatesandjustifiesthe value of the solutiotnat will helpthe
solutionandthe resultdo be acceptednd explain the reasoning associated with the

researchés understanding of the problem (Peffers et al. 2007).

3.2.3.2Step 2: Objectives of a solution

For Peffers et al. (20079ncethe problem has clearly been identified and motivated,
the objectives of a salion can be developedrisingfrom the problem definition and

from the knowledge of what is possible and feasiblbe approachcan beeither
guantitative antr qualitative when addressing the objectivd/hen the literature
reviewshows oneolution carbe considered bettdrantheotherscurrently presented

in the body of knowledgehé quantitative approadh appropriate The qualitative
approach develops how a new artefact is expected to support solutions to problems
that have not yet been addressetthe literatureThen,from the problem specification,

the researcher sethet objectives and the resources requiedchieve themThe
researctwill further develop what the problem is, as well as what current resolutions

have already beeaeveloped and validated for the problem, along with their efficacy.
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3.2.3.3Step 3: Desig development

Step 3 is devoted to developing the t e {i.a theconsepds, modeds, methods,
or instantiatiods) functionality, design and architecture before creatingr 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 wisdonilhe link betweerthe objectives and design developmentriade
through different investigations regarding the knowledge of theoryand its

applicabilityto the current problem ithesearch for solution (Peffers et al. 2007).

3.2.3.4Step 4: Demonstration

In Step 4, experimentation, simulation, case studies or othes@[gie activities may

be conducted to demonstratattithesolution developed as a concrete answer to the
problem is appropriate ancomplements the body of knowledgencerningthe
application of thartefactand the possibility for future researchersantinue growing

the knowledge The researcher demonstrates how effectively the created artefact

addresses the research problem.

3.2.3.5Step 5: Evaluation

For Peffers et al., (2007he evaluationtepassessethe efficiency of the solutioto
the research problelmy observing and measuriiig impact in the real worldThe
evaluationis conducted byhe differencebetween the quantitativabjectivesand the
situation (results) as observatter theuse of thesolution @rtefact) Evaluation can
take various forms: surveys, user feedback and satisfaction questiorassessment
of whether the objectives have been met by the application of the aasdacanswer
to theobjectives, or the measuoé quantitative indicatorfo assess thperformance

of the systemsuch as response time or availability.

Another iteration of thdDSR cycle may prove necessary from the analysis of the

results of the evaluation phase to solve the identified researblepr.Of course, in
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this evaluaton of the artefactphase,the researcher needtiowledge of relevant
metrics and analysis techniquésat can be complemented &mdconfronted by

ground experienct® consolidater expend the evaluation

3.2.3.6Step6: Communication

The final step closes the cycle when it has been confirmed from the above that the
artefact solved the research problerhe researcher can then communicate on the
relevance(utility and novelty of the artefactadvocatehe rigour of its dsign, and
communicate on theffectivenes®f the findings Diverseaudiencesnay find interest

such as researchdrssake of growing future knowledge apbfessionalsn search

for applicable solutions tooncrete problems they fa@ieeffers el al., 200). 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
(innovativeress, 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
knowledye and professionals in search for applicable solutions to concrete problems
they faceg(Peffers el al., 2007).

3.2.4 The case study approach

ForStake (1998)whileit is temging to considethe methods of investigati@crucial

aspect of the researaoihcase study researds the casen question

0As a form of researcha case study is defined by interest in individual
cases, not by the methods of inquiry used.
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On the oherhand, for some otheesearcherge.g.,Robert Yin (1994), the method
and the techniques that constitute the case streyf most importanceYin (2003b)

laterrefined hisview of a case study as

0 aempirical inquiry that investigates a contemporary phenomenon within
its realtlife context, especially when the boundafesween phenomenon
and context are not clearly evident.

Johanson (2003)ompletes Jigs view byrestatingthat unlike manyresearch fields,
in acase stug several approachese combinedn pursuitof analysingthe problem
investigatingdifferent facés andobservingfrom different angles Johanson (2003)
sought to summarise tloase study approach bytreangulaton effort that combined

severaimethodologiessome of whicleven béng antagonistic.

3.2.4.1Determining the study strategy

Architectural Research Method

The
(Groat & Wang, 2002)lescribs how  pany empirical
units of Correl stional REDLCTIVE weorld in full
research can be conductadhe field research ‘ complexity

analysis or
of architecture andhe reldionship ¢aes

between different strategiesThey

EXPLICATIVE

illustrated the similarities in a

One or a few
diagram, presentetiere where the units of
analysis or Evonti
closer the approachewe,the more cases e it A
istary
similarities they shargsee Fig. 3.2).
y g g. 3.2) A fow Many
Starting from the real world an variables variables /

_ _ qualities
Aempirical worl d (Y Ut bUIIIpICAILyO,
they propose three directions to follow

Figure3.2.41 The empirical world in full complexity
cases (Johansson, 2013).

The first method if there are enough units of analysis orattow a probabilistic

approachis reductivein thatit would lead to correlational research.
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The secondnethodis relevant either when the researcher is left with only oree or
small number ofinits of analysis or cas&gth few variables. In this latter castne
research wouldnainly be orientedowardexpeiment or quasexperiment. The third
method explicative,is imposed when the researchraust cope with (too) many
variablesmaking thecase studwapproachappropriateFor Groat& Wang(2002),0n
the one handand although their timelines are differentboth qualitative and
interpretive researcare based on lolistic approach to the research subj&xt.the
other hand,despite the highlyolatile level of quantitative dateavailable to the
researchr, qualitative and cortational researckhare the same focus tre analyse
of thenaturaly occurring circumstanceg/hen manipulating isolated variablgsich
as in simulation) is possibleéhe choice of arexperimentalapproach isrelevant
Johanson, (2003upportghe later and argues thaninterpretivehistorical research
approachs basedn astructured dgic of interpretatiorof the historical facts thas
highly dependenon the level of data available.

From the abovethe case studyapproachseemsperfectly adapted tohe present
research. The case would be bwlding constructiongnablingin-depth observation

and analysis over a long period of time (two to three years). Triangulation would be
made possible by analysing edsbck from a differem angle, based on experimental
and simulation and correlational strategies. Experimentatioirissic tothe field of
researchthat is investigatediere, and the correlational aspect would be fed by the
threeblock scope of the study anthe simulation by the planning, namely the

forecasted site organisation.

Doing a case study alledthe documentation of ampirical investigatiomf a real
world and actualssue thatould be observeavithin the professional environmeiatf
the researcheihesenvestigationshelpedme toattain heobjectives othe doctoral
research andnswerthe research questiop®sed bythe problematic of the thesis
Based onWedawatta (2013Brady (2014 rlaimsthe following

i acase study strategy will contribute to addressing the call for improved
methodological pluralism in construction management research, enhancing
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the understanding dhe complex network of relationships pertinent to the
industry and the phenomenon beingdgtdd

Johansson (2@ further argues that case study approach is particularly appropriate

in practiceoriented fields of researchuch as architecture and planning.

Contrary to other fields where modelling and simulating predominant, the
construcion-related fieldof research offers the possibility of impactipgfessional
practicein real time, incrementally growing thenowledgeby the construction oh
repertoire ofactiondocumentedcases. Johanssbrs v i e w she argurpenmtarnr t
favour of acase studyased on experimental strategy as the number of nite

cases was limited, and only a few variables were to be observed.

3.2.4.2Determining the type of case study

Case studiehave been categsed by Yininto three compartmentsexplanatory,
exploratoryanddescriptive.ln this categorisationeach category can be eittsangle
or holistic (.e., involve multiple-case studigs Stake proposesthree categories:
intrinsic, instrumentadndcollective.Table3.2.41 Definitions and published
examples of kinds of case studies (Baxter 20B8dy 2014helow presents
definitions and published examples of these types ofstadees (adapted from Baxter
(2008 and Brady(2014)).

Type Definition Published  Study
Example

Explanatory | gnswering a question that sougll Joia (2002). Analysing

explain the presumed causal linkl webbased &€ommerce
reallife interventions that are t learning community:
complex for the survegxperimental| case study in Biazi
strategies. In evaluative language| Internet Researchl2,
explanations would link progn 305317
implementation with program éffe
(Yin, 2003).

120/ 412



Type

Definition

Published

Example

Study

Exploratory

fExploring those situations in which
intervention being evaluated has
clear single set of outcdin{&m,
2003).

Lotzka®& Bottorff (2001)
An observational study
the development of
nursepatient relationshig
Clinical Nursing
Researchl0, 275294.

Descriptive

fDescribing an intervention
phenomenon and the-litalcontext
in which it occuréédin, 2003).

Tolson, Fleming, 4
Schartau (2002). Copir
with menstruation
Understanding the nee
of women with
Parkinsam disease.
Journal of Advance
Nursing0.

Multiple -case

fExploring differences within 4

Campbell & Ahrens

studies between cases. The goal epticate | (1998). Innovativg
findings across cases. Becal community services f
comparisons will be drawn, it| rape vians: An
imperative that the cases are chg application of multiplé
carefully so that the researcher | case study methodolog
predict similar results across case] American Journal ¢
predict contrasting results based ( CommunityPsychology
theorg(Yin, 2003). 26, 53571

Intrinsic iBtake (1995) uses the temminsic | Hellstrom, Nolan, ¢

and suggests that researchers
have a genuine interest in the ¢
should use this approach when
intent is to better understand the ¢
It was not undertaken here prim
because the case represents o
cases or because it illustrates
parttular trait or problem, but beca]
in all its particularity and ordinarin
the case itself is of interest. 1
purpose is not to come to unders]
some abstract construct or gen
phenomenon. The purpose is ng
build theodyalthough that is@ption;
Stake, 1995).

Lundh (2005Ve do
things togeth®eA case
study of couplehood
dementia. Dementia, 4(]
7i22.
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Type Definition Published  Study

Example
Instrumental frhis type aims to accompl| Luck, Jackson, & Ush
something other than understandii (2007). STAMP
particular situationprbvides insighf Components of

into an issue or helps to refine a th¢ observable behaviour th
The case is of secondary intereg indicate potential fq
plays a supportive role, facilitating paient violence in
understanding of something else.| emergency department
case is often looked atiépth, its | Journal of Advance
contexts scrusied, and its ordinar] Nursing, 59, 119.
adivities detailed because it helps
researcher pursue an external inte
The case may or may not be see
typical of other cagtake, 1995)

Collective fCollective case studies are similg Scheib (2003). Rol

nature and description to multiple ¢ stress in the profession
studieg(Yin, 2003) life of the sobl music
teacher: A collective ca
study. Journal 0
Research in  Musi
Education, 51.

Table3.2.41 Definitions and published examples of kinds of case studies (Baxter2@@y 2014).

This research addressed rbf construction sites in which the researcher was
professionally engaged aatioutwhich the researcher had a genuine interest in better
understandingThe circumstance suggest that the appropriate type of case study
would be intrinsic. However, if we consider that the case was comprised of three
apartmentlocks, that exploration ofhe differences within and between sobses
(each apartment blockpuld be possible,ra that replication of the findings across
cases could be made, the appropriate ty@gpfoactwould seem tdoe multiple case
studies In a multiple case study, one examines several cases to understand the
similarities and differences between itheYin (2003) describes how multipase
studies can be used multiplecase study either (a) predicts similar results literal
replication or (b) predicts contrasting results but for predictable reasons (theoretical
replication) The types explanatory, expl@tory, descriptive,instrumental, or

collective do not seem appropriate here.

122/ 412



3.2.4.3Generalsing the findings

Once the case has been understood, the question of generalisttefimaings must

be addressed. Depending upon the findings, the generalisatideh &ther be made

by dissemination viaudiences oby intrinsic relevance. The audiences themselves
can validate and generalise the findings of the c#isesd selected within a
representational sample strategy used in correlational reg&tatte, 1995Patton,
1990), or thegeneralsationcan be intrinsically generated when a case is purposefully

selectedy virtue of being informatiosrich, critical, revelatory, unique, or extreme.

The case observed here was purposefully selected, as the phidpeksyto be built
were a typical property development of standard apats in a European capital
suburb made by classically selected SMEs with no partitaedanicalor architectural
idiosyncrasies Generalisation is expected to be validated through the intrinsic
characteristis of the selected case. Generalisation can tesbuilt on the deductive
principle (i.e, a hypothesis iformulated,and testable consequences are derived by
deduction), through induction (i,éheorygeneration based on the data of the case),
or by abduction (i.ethrough particular cases). Ginalg (1989) refers to these kinds
of generalisation as occurring within the evidential paradigm.

Procedure Mode of Result Generalisation
reasoning

HYPOTHESIS TESTING Deductive The From a hypothesis

A theory (hypothesis) is establishment of and facts to the

tested in a case, and the domain of validation of a theory

validated or falsified the theory

THECRY GENERATING Inductive A theory From factsin a

A principle (theory) is (Conceptualisation) caseto theory

generated from facts in the
case

NATURALISTIC Abductive Ability to act From casestoa
GENERALISATION based on the case

An actual problem situation conception of a

is compared with known case

cases

SYNTHESISING A Abductive The From facts and a
CASE (rejconstruction theory to a case
A case is synthesised from of a case

factsin the case and a
principle (theory)

Table3.2.42 Modes of generalization and reasoning within case study methodoloay (Johansson, 2
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From table 3.2.4.2 in the previous pag&vo main generalisation approaches seem
valid: deductive and inductiveThe deductive approachhas been considered
appopriate since the research here aimed to test the applicability leftiegpproach

for the organisation (scheduling) of construction sitesle by SMEs inmid-sized

sites andtheinductive because the approach proposed to be tested is not yet a theory.
In essence, the conclusion was unknown in the early stages of the reseamtaand
case study, the different modes of generalisation are oftevined.Layderargues

that theorytesting and theorgenerating are combined in practice. He names this
combined approach tlagaptive theory approactshall retain the latter terminology,

as it best fits the duality and complexitytbé case studpf theauthor of his thesis

3.2.5 Discussion between action research and designienceresearch

This chapter discusses the two mainstream approaches applicable to practically
conducting the research in the context of the thieek site observed by the

researcher.

Interest fom scholars in the field of action research and design science, two main
approaches in information systems, has been growing in the academicAltbddgh

Kock and Lau (2001), Baskerville aiiers (2004), and Kock (2006) have provided
legitimacy to adbn research, March and Smith (1995), Hevner et al. (2004) and others
have proposed articulations of design research in information systems, hence the
development ofanother (yet complementary) research approach. While action
research has been the reseagproach 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 (0@88§ and later, Kurt
Lewin (1947). Design science, on the other hand, introduced the concepieots
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(2085), Andriessen

(2007), Lee (2007), Jarvinen (2007), Figueiredo and Cunha (2007), Baskerville et al.
(2009), livari and Venable (2009), Sein et al. (2011), Papas(20aR), Wieringa ath

Morali (2012), Alturki et al. (2012) andmore 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 differand that even thougtomestrongresemblances can be found (e.g. Cole

et al., 2005; Jarvinen, 20Q8pme researchectaimthat the approaches are decisively
dissimilar (livari & Venable 2009)Goldkuhl (2013) notes thatlwers 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 livari and Venable (2009) have proposed paradigmatic comparisons
between action research and design science, while Jarvinen (2007) has based his

comparison on process descriptions.

Ivari and Venable (2009) have proposed a comparison between aesearch and

DSR They suggest there is more variety in paradigmatic assumpti@®Rthan in

action research and thataradigmatically, action research can be considered a special
case ofDSR They argue that, despite being unlike action rese@8R also builds

new innovative artefacts, and that there is not necessarily any paradigmatic
incommensurability betweert and action research. Both appear to be mutually
compatible. Further develoments based on Venable (2006) and Johnstone and
Venable R008), suggestthat 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 resear&fs&hd
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Paradigmatic

_ _ Action Research Design Science Researct
dimension
Ontology Antirealism Realism or améalism
. Mainly positivist, but alg
Epistemology Mainly angiositivist antipositivist, especially

evaluation

Constructive (building
Methodology Idiogrphic Nomothetic  (evaluatio
Idiographic (evaluation)

_ Meansnd Meansnd
Ethics Possibly interpretiv| Possibly interpretive
Unlikely critical Possibly critical
Table3.2.61 Summary of the paradigmatic assumptions of action researcb&Rfadapted from Livari &

Venable, 2009)

3.2.6.1Similarities

Based ora conceptual analysis, Jarvinen (2007) argues that action researcBRind D
are similar approachesle compares the previous work on action research from
Susman and Evered (1978) and Nunamaker et al. (1991hamdrk on design
research from March and Smith (1995) and van Aken (2@§rching forshared
characteristics, he found seven fundameniatilarities. Goldkuhl (2013) has
proposed a categorisation of the similarities based on Jarvinen (2007): (a) striving for
utility, (b) producing useful knowledge, (c) combining building or acting and
evaluation, (d) collaborating between researchers aadtitoners, (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 Jarvinen (2005), presents the similarities of the

fundamental chaicteristics of action research and design science.
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Table3.2.62

Action research

Design science

Action research emphasises
utility aspect of the future syst
from the peo@epoint of view.

Design sciende products are
assessed againtie criteria of
value or utility.

Action research product
knowledge to guide practice
modification.

Design science produces des
knowledge (concepts, constru
models and methods).

Action research means b
actiortaking and action
evaluating.

Building and evaluation are the
main activities of design science

Action research is carriediroul
collaboration betweencticm
researcher and the clsstem.

DSR is initiated bythose
researchers interested
developing technological rules f
certain type of issue.

Each case is primarily orienteq
solving the local problem in cl
collaboration with the local peop

Action research modifies a gi
reality or develops new systen|

Design science solves construc
problems (producing innovatig
and improvement  probler
(improving the performance
existing entities).

Theresearcher intervenes in t
problem setting.

DSR is initiated bythose
researchers interested
developing technological rules f
certain type of issue. Ea
individual case is primarily orier
tosolvinghe local problem in clos
collaborationtivithe local people.

Knowledge is generated, us
tested and modified in the cou
of the action research project.

Knowledge is generated, used
evaluated through the build
action.

Differences between AR & DSR (adapted from Livari & Ven@fle9 and Raimo Halinen

(2012)
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After comparing the important characteristics (concepts and paths) of both action
researclanddesign science, there seem toif@ortant overlaps and similarities in
the two approaches. On this basis, Jarvinen (2007) claims that action research and

design science should be considered similar research approaches.

3.2.6.2Dissimilarities

Unlike Jarvinen, who conducted a conceptual anglysiari and Venable (2009)
conducted a paradigm analygdthoughthey found some similarities, they argue that
the similarities they found are superficial and that the two approaches are decisively
dissimilar. Similarities and differences were foundtieir comparison, based on
ontological, epistemologicamethodologicaland 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 desigiesign
research caswith purely technical problesolving or a design research case without

any local practice intervention (Goldkuhl, 2013).

The aim of action research and design research can also divergstdidyto study.

While the major contribution of design research is to create new means for achieving
some general (unsituated) goal and [while itf] demands innovation and novel
technologyaction research seeks a general practical contribution and not for any local
practice contribution linked to normal design practice.

livari and Venable (2009) conclude by orientthgdesign science toward the field of
cuttingedge technologies and mxt research toward the field of safe solutions based
on robust technology (Goldkuhl, 2013).

3.2.6.3Combination of action and design science reseaagproaches

Burstein and Gregor (1999) have proposed an analysis of the two approaches in
relation to each othefheir case study was not conducted following the guidelines of

action research or design science, #etording togeneral scientific criteria. They
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introducel a new term of system development based on the terminology from
Nunamaker et al. (1991) arndncluded:

0The 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 pugm is the creation of new methods or
programsi not the application of the methods in rdiéo.

While some authors claim that action research and design science are similar
approaches (e.glarvinen, 2007), others claim that they are ddifferent (e.g,. livari

& Venable, 2009)Yet athers, such as Cole et al. (2005), favour combining the two
approaches rather thgmerceivingthem as opposites. Based on a cggria
analysis, they compared design science criteria (from Hevner ed@d) and action

research criteria (from Davison et al., 2004).

They discovered thatlespiteclaims thathe approacheseredifferent, the fulfilled

criteria fromeachothe® sesearch approach. Cole et al. (2009) used a dowearth
paradigmatic angkis and outlined an integrated research approach. They found that a
common area could be found since trbcess models of both approachediaeca
degree that we can form a common process model foidthem

Papas et al. (2012) experimedtwith the approached.hey conducted thestudyboth
from an action research and design scieapproachThe paradigm analysis of the
two approaches revealed many similarities, but also some differenthslight of
this experience, Papas et al. (2012) claimed thatag possible and valuable to

combine action research and design scienceanske both gteria.

3.2.6.4Integration of action and design science research

The abovesectionsdescribe important similarities that have been found between
action research addSR and how several integrative approaches combithegwo

have been created. the search fo a combined approach, as revisited by Goldkuhl
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(2013) Cole et al. (2005) proposed a festage process: (a) problem identification,
(b) intervention, (c) evaluation and (d) reflection and learning, where intervention
(Step 2) is a combination of actiotapning and actioiaking (from action research)
and building (fromDSR).

Later, in 2007, Leargued

oaction research and design science have the potential to bring about
greater rigour and greater relevance by acting together than by acting
aloned.

Captalising 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 justifyvith construct, model, method, and instantiation. The dialogical
adion research from Martensson and Lee (20Bélped him map on this DR
framework and take a step forward from the previous publications by including
theorise and justify iIDSR, hence completing March a&imi t(1®%kand Hevner

et aldo £2004) work.Lee (2007) therseparatedhe 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 dessgarch 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, veaskackl
problemsolving logic: from a specific problem to adaptation of specific solution

through generalised problem and general design requirements and solutions.

A later developmenby Cole et al. (2005) has been proposed by Sein et al. (2011),
namely anntegrated 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 pringdles. Almost in parallel to Sein et al. (2011), Wieringa and Morali
(2012) worked ora combined action resear@nd DSRapproach. Contrary to the
above examples, which are mainly probldriven, the main idea defended by Sein et

al. (2011) is that it is msible to bringaboutconcrete solutions through a researeher
driven approach working on an idealised design. Wieringa and Morali (2012) have
proposed a new approach called technical action reseAsctGoldkuhl (2013)
remindsus, 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 algfisnproving

a particula problem. An empirical research cycle that aims at answering research

guestions 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 technicaltem research is more appropriathendo t h e
researcher has identified a claspiafblems anadims to develop an artefact to mitigate
those problents(ibid. p. 234).

Goldkuhl (2013) capitalisedn the previous work presented above and stated that
while DSR aims to create new and innovative wajssolvinga class or classes of
problems, and creata new reality, action research is primarily focused on
understanding reality.

Goldkuhl et al. (2013) base their comparison analysis of action resear&iS&wh

the model oDSRactivities presented in Venable (20@B)dFramework and Context

for design science resear{¥ienable, 2006adaptedby Jeffrey Bagraim
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Figure3.2.61 Framework andontext for design science research (Venable, 2006). Adapted by Jeffrey Bagraim

From the above figure, Goldkuhl (2013) identified three different cases where action
research an®SR have differing relationships with one another:

Completely noroverlapping Action research is not concerned at all with D@R
interest of building and evaluating innovative artefacts. This situation may appear
when solving the | | gnolledt sequires no technology and is possible through the
application of existing solutianwithout innovation. This situation may also appear
when design science reseaishpplied to solve a purely technical or a seeichnical

problem
Slightly overlapping(using actionresearchto evaluateDSR: This situation may

appeaif the researchedoes not devote enough efftotdefining and justifying the

aim of his researchmhich should be to develop @ew, innovative artefact or any
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solution technologyand when his activity could be considered as aimirgss@san

existing solutionThen,it is tempting for theesearchrto develop biasedvaluatiors

of theartefactdormerly developed bgther researchers or practitioners.

Significantly overlapping (action research conducted W®R): This situation may

appear when a researchetampted tadesigninnovative artefactenly to provide a

solution to theclient and solve the problem generalin this casethe evaluation of

the solutionmay be biased asis only based on a specifienéironmentwhere 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:

it by means other than
action researnth

Case Action research Design science Design scienc
interest research interest reseach
No overlap fUnderstanding reality
an organisational None None
contexi
fBolving a purely technij ﬁrTethy buildin
None problem by developing | tso l; 'OT
evaluating a new solultic rechnology
technology invention, and
artificial
fBolving a soeiechnical ﬁrhegry buildin
: . solution
problem in a nantion
technology
research context by invention. and
None developing a new soluti A
{ artificial or
technology, but evaluati .
naturalistic

evaluation, or
botlo

Slight overlap

fEvaluating an existing
solution technology in
organisational condext

fEvaluation of a solutior
technology developed

separatedy

MNaturalistic
evaluation only

Significant

overlap

fSolving a soeio
technical problem by
developing amdhew
solution technology an
evaluating it in an
organisational conbext

fBolving a soeiechnical
problem by developing |
a new solution technolo
and evaluating it in an
organisational cordex

firheory buildin
solution
technology
invention, and
naturalistic
evaluatian

Table3.2.63 Overlaps in activities between action research BX@R(adapted from Goldkuhl, 2013)
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3.2.6.5Problemcentred 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 problegentred approach, or if the reseamdsulted fromthe

observation o& problem (Peffers et al., 2007).

3.2.6.6Design and developmertentred approach

In the case of an objectieentred solution, the process could also begin at Step 2. The
objective can emerge from a research or industry needctimbe 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 andmsitdevelopment

centred approach.

3.2.6.7Consulting or client contextentred approach

As Brady (2014) recalls, alient or context can alsoffer a practical solution
developed in practice and provierbeeffective. In this case, the researcher is working

backwards to apply rigour to the procefieffers et al., 20Qproposes the following:

OA problemcentred approach is the basis of the nominal sequence, starting with
activity one. Researchers might proceed in this sequence if the idea for the
research reslted from observation of the problem or from suggested future
research in a paper from a prior project. An objectoantred solution, starting

with activity two, could be triggered by an industry or research need that can be
addressed by developing an tefact. A desigiand-developmententred
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. Swahartefact 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/contextinitiated solution may be based on observing a practicalitsmh

that worked; it starts with activity four, resulting indesignscience solution if
researchers work backwards to apply rigour to the process retroactively. This
could be the byroduct of a consulting 0
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3.3 Recentresearch ino the search for consensus

Maccani (2015) advocates tHaBER can assume a variety of positions, wiattion

research is more limited in this way but can be applied as part of the evaluation stages

of DSR projects. For Maccani (201%gtion research cabe a special case @SR

The followingchapterdevelops the above.

Maccani (2015) contributed to the ongoing academic conversaggardingthe

investigation on how to incorporate actiond$R Maccani (2015developedvari
and Venablé £2009) contextuasiation ofBu r r e |

framework to exploreand understandhe similarities and differences; the two

a n(@97Mparadigmati® s

methodologies at the philosophical levEheir conclusiongre presentesh thetable

below

Paradigmatic dimension

Action Research

Design Science Research

Ontology

Anti-realism

Realism or anti-realism

Epistemology

Mainly anti-positivism

Mainly positivism, but also anti-
positivism especially in evaluation

Methodology Idiographic Constructive (building)
Nomothetic (evaluation)
Idiographic (evaluation)
Ethics Means-end Means-end

Possibly interpretive
Unlikely critical

Possibly interpretive
Possibly critical

Table 3.3.1Paradigmaticassumptions of actioresearch andDSR

Maccani (2015) further expanded thgaradigmaticframework with philosophical

assumptiongandshowedthatthe same philosophical underpinninggre covered by

actionresearch an®SR. He suggestshat action researctcan be considerew bea

particular case dDSR rather than a methodology closett@onsideringhe scope of

actionresearclpr oj ect s, i . e.

2011)

Maccani(2015)furtherdevelopsb y

extendi

ng

Abui | dartefgcts &Seinl,

out that from ontological, methodological, and ethicpbints of view,the two

approaches are very similarThe substantial difference comes from the

epistemological differendeetween théwo methods.
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fiDesign Sciencaims at the design ofegeral solution concepts which are
applicable not just to a specific orgaational context. In other words, in the-so
call ed Abui |l d an dDesign &aencehe &irst stage iBvolvep at h o f
a positivistic epistemology (especially in the engimggerfield), while anti
positivistic assumptions are likely to emerge wherattefactis instantiated. On

the other hand, because of the natureAction Researchthe design process
within it is more likely to have as underlying assumptions-gmsitivistic
positions. In fact, in a typicahction Researcproject the problem as well as the
artefactare 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 (@) stage
is (unlike Design Sciende underpinned by an{ositivistic paradigmatic
assumptions. The positivistic side of the methodology emerges in both the ongoing
Reflection and Learning stage, and the Forselon of Learning one, when the
specific orgarsationalrelated solution is related to a broader class of solutions,
or, in other words, to a generaéid outcome. We believe that an explanation for
this epistemological difference that exists betw&etion Researcland Design
Scienceis given by the different role that the orgsations play in the two
approaches. In detail, while iDesign Sciencthe organsational intervention is
considered secondary, Action Researchrojects the orgasation is part of the
Design Sciencdeam #ce the beginning and the design process is highly
participatory. As aresult, the ADRartefactis &ocially constructedl thus not
consistently with positivistic epistemology.

3.4 Conclusion

At this point it appears that, regarding the boundaries and aitnids of action
research an®SR, research and discussions have been dmypingin a search for a
consensusThe essence of the research and approach driven by the client or by the
researcher, or both, can be oriented differertiythe case of thisesearchaction
reearch andlesign science approaches have been applied at different stages of the
project(block 1, block 2 andblock 3) depending on thgpecificcontextof the research

and on the understanding of the project at each stage of

3.5 Justification for the choice of researchmethod

In 2007, Peffers et al. argdi¢hat that the application field of DSRasbroad and that
its problemsolving approacitould be adopted for a research study in various ways
dictated by the clientontext and mainlycentredon a problemor onanobjective or

on adesignissue
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Sever criticsthen arosein the academiavorld regarding researcim construction
management (Azhar et al. 2Q@9sehaimi et al. 2013 Both considezdthe approach
to betoodescriptive and explanatobgcause afhe use ofjuantitative surveys or case
studies. Managerial problems experienced in construstimuldnot be addressed
with tangible and applicable answeftsking this objection into account, became
importantthat the outputor apiece ofso-calledaction research would be applicable
to the gemba and groundedpractice.That theimplementatiorof the solutiorshould
be developed irelation tothe practicalworld was an initial given in the chua of the
research method.

The mainweaknessn recentstudiessuch ay Macconi (2015and Akehaimi et al.,
(2013 is the lack of concreteness in the solution proposed by the researchers.
Althoughplanning and contrare often foundo beineffective andsolutions arenly
partially (if simply not) recommended, the necessary tools needexvéocome the

problem fail to be proposed or investigatedroughlyenough

It has long been argued that existing approaches need to be developed and completed
to strengthen the link between the researchpaacticalworlds. Althoughthere is no

doubt that developing &e¢orythat should then be testand confrontedby reality

extract outputs and build knowledge is needled research couleshore deeplyocus

on the applicability and validity of the outpthat is allowed byDSR,in addition to

the historical approachgs$imon,1969, 1996; Simon 1973; Klahr & Simon 1999;
Holmstrdom 2009).

Thus to fit the clientcontext of the research and ground it in pin@cticalworld, but

also to develop a sHieased output that would be as applicable and as duplicable as
possibledesign science was also adopted for this researcipRseerin consultacy
activities speciaked inlean applied to the construction industry with the aim
reducingdelays and costs by creating reliable and stable production flows gihaite

researchehasdeveloped a first version ah improvedappro&h.
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According to Peffers et al. (2007), the identification of a proldkeouldbe the starting
point of aDSR approachhowever, developing and applying a solution in practice
could also be considered a research stubhye initial research cycle was used to
validatethe capacity of the researcher to conduct site research, capture rasdlts,
identify new issues that would lead to the next research cythe queue The initial
problematic (client need) wat improve daily planmg and control of the

construction works.

Iterative improvements in weekly and daily planning weeptured in the first
research cycle that comprised of ihgplementation of LP®n site,which allowed
the development and the application of new appreswtthin the context of this PhD.
Similar to Brady (2014)who also worked for a consultancy practioa the
development of a tailored siteased approach for thedlient; the researchehas
workedbackwards to apply rigour to the process:

oDesign s@&nce can resulfrom the existence of an artefatttat had not
yet beenformally thoughtthrough @Pefferset al. 2007,p. 14)

The threecasestudesand theaction cyclesindertakerin this researctook four years

to present, analysand evaluate andor the outputsto be further developed to
determineand validatehe contribution to practice and thgoiThe development of the
research on siteequirad rigour and the frame provided by action research was
particularly adapted to eatias and initiate the research cyclesldock 1. However,

given the nature of the consultancy and the need to bring a concrete answer to the
client, the research cycles were adapted$& from block 2.

The aboveadvocates actionesearchand DSR as both rigour and outputprovider
approacheswhile action research focusses ontrilgeur the researcher should follpw
designscience emphasises the applicability of the outpgain, he designscience
approachhas been chosdor block 2 out ofrespecto the nature of the researohs
with Brady (2014)the presentesearctaims to provide a cleand practicasolution
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to be appliedon site. In this case largebody of literature(March & Smith 1995;
Lukka 2003; Hevner et al. 2004; Van Aken 2004; sfge 2006)is in favour of
applying designresearch a8rady (2014)did, whosea i m w angprove aurrefit
practice in production planning and control and to clarify the theoretical significance

of this solutiom .

Focus on Design Sciencan attempt to bridge academiaand the practical world
Design sciencehas ambitions to provide academic researchithv theoretical
understanding and practicaltputs that thpracticalworld could apply and thabuld

be pulled fromit by extendng practical solutionslt seeksa stronger alignment
betweerthe theoretical and research interestd the interests of managerial practice
(Holmstrom & Ketokivi, 2009; Lukka, 2003).

As developed in the abovearargphs and chapter design sciencdocusses on
changing the practice world by addressing real, ifledtiand quantified problems.
Designscience hngs prescriptive answers ttheseartefacts once the theoretical
significance of the problem and its solution has been validatedithen develos
research tdouild currentknowledge(March & Smith 1995)

Holmstrom and Ketokivi (2009bservethat design sciendanks practice to theory,
not the reverseto actually ground the research in tracticalworld. This can be
summarsed by 2x2 researchphases solution incubation and solutiorefinement,
which are explanatoryfrom practice,and establishing theoretical relevance and
developing formal theorywhich areexplanatory researclAn issue stands in the fact
that addressing practical worldbased issel that is shared by professional (or a
client, asin this research) cannot necessatiyg a contribution to the body of

knowledge.

The grapit below illustrates how Holmstrom and Ketokivi (2009) emphasiges
importance of linking phases 2 and 3 in the path from phases 1 to 3, leveraging theory

from practice.
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3.6

Managerial practicmterest

Phase 1 solution incubation Managerial relevance

. . Explanatory from practice
Phase?: solutionrefinement P y P

Bridge: generalising findingd

demonstrating a theoretical contribution

Theoretical and research interest

Phase 3 establishing theoretical relevanc Theoretical contribution

Phase 4 developingaformaltheory Explanatory research

However, despite ambitiousnitiatives in recent years in the academic woyld
providing academic research that would be relevant, usable and duplicahie

practitionergemains elusive (Holmstrom & Ketokivi, 2009).

Proposed method: multiplecase study from design science research

From the aboveectionsit clearly appears thdinding the most appropriatenethod
can prove difficultgiven thewide rangeof situations, contextbjectives,andthe
vision of the researchiThe presentesearchis neither solely a case study, the

positionof the researchexs a consultant requireseto act on sitenoris it solely an

exercise in action research, as the theoretical part of the findings should emerge from

the analysis of the caséhe ambitionof this researchs to test the applicability of a
new flow theory in the construction industry and draw conclusions tinemnesearch

approach used.

It is proposedn this thesisto build a case study by followingction researcland
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design science appache®n siteto develop an@xperimentwith a new flow theory
in the 3-block building projectbeforevalidating and generalisingnew theory. The

figure below illustrates the duality of the research.

AExperi mental Multiple Case Stud

Block 1 Block 2 Block 3

| | | ] | | | | |
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Action Research 1 Action Research 2 Action Research 3
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Figure3.2.61 Representation of the action and case study research building, adapted from the sg

action research cycles (Coghlan & Brannick 2001).

3.7 Data collection

Data were regularly collected during the research from different sources: workflow
indicators, documentation, sestructured interviews, andirect and participant

observation.
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3.7.1 Workflow stability indicators

Measuring the workflow stability (or reliabilityn theconstruction site has been done

by evaluating the PPC on a regular basis.

3.7.2 Documentation

Documening a research thesis is core toesaarchér gloctoral journeyln finding
various sources of data alimentthe resegh, diaries, letters, agendas, minutes of
meetings, personal notes, field notes and reports, images, sounds and abgects
computerised recordeay be investigate@Bryman 2001; Yin 2003; Finnegan 2006).
Once gatheredhe researcher must then cra$®ckthe information, validate the
pertinenceof the data to the research field and explain howetaned documents are
appropriatehroughcorroboration(Yin 2003).

The documentation used in this research was as follows:

o diariesrecording then-sitesituation andlifficulties; weekly observatiosiand
recollectiors (from workmen and foremgrof the work done, of how ihad
beencompleted and of difficulties metin fulfilling the job (planning not
addressed at this pojtibcusis on the output)

0 agendascovering themain interior construction milestones (slab casting,
window installationand waterproofing, plastering and equippjngitial and
revised master pland,et ai | ed wor ks planning fAas i ¢
research. No judgement was mantesharecht this point to avoid biasing the
perception of the documentation provided

0 minutes of site meetings (including PP@easuring th progress andorks
promises on sittlom oneweekto the nextUnderstanding the root cagsH
delays and difficulties met on site.

o personal and field notes of actioiaken:keeping aveeklylog of the actions
asked, realised, and their impact as measured on site on the prageess
promise reliability, stress level

0 images and computerised recorkiseping a weekly tangible record.
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3.7.3 Semistructured interviews

Initiatedoncethe measurelsad beertaken on site, thipart of theresearch comprised
interviews with the site management team (site foremen and team leaders) about their
understanding of the approach developed and of the effect they féladnmeasured
at their level. An intervi& can be viewed aa managed verbal exchanglere all
communication biasegrom the thinking of the idea to the understanding of the
message throughe expression of thenessage, themedium usedo thereception and
treatment of the message éontext,can significantly affect the outpu{Ritchie &
Lewis 2003; Gillham 2000)Hence, theeffectivenesof an interview can largely
depend on the communication skills of the interviewer (Clough & Nutbrown, 2007).
In order to capture valid informatiote abilityof the intervieweshould be developed
around being able to

0 pause, probe or prompt appropriately (Ritchie & Lewis, 20084 p);

0 clearly structureéhe questions(Cohenettal., 2007);
o listen attentively (Clough & Nutbrown, 2007);
o

encourage the interviewee to talk freelyptaake it easy fothemto respond

3.7.4 Observation

Hancock (1998) describes observation as a technilgat 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 ar e s e a rallity @or gatiser data through his ber sense¢ O 06 L 2004).y
Hussey et al. (1997) and Saunders et al. (2007) divide observation into two categories:

direct (nonparticipant) and participant.

In direct observation, people or experiments are observed and resundedhe
researchér mole is onlyto bean observerasis oftenthe case during sitevisit.

In participant observatiorgbserving and recording are not enoughe Tesearcher
could beinvolved in the field and mayeven have interactions with the subjects
observedand thus interfere with the situation being observ@tin 2003; Easterby
Smith et al., 2002; Bryman, 2001).
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4

4.1

Research processes

While Chaptei3, Research methatbgy, presented the choice and justification for the
methodology to be followed in the context of this reseatul chapterpresents the
research process followed by the researcher from the aiignof the actual state
through to the formalisation of the research process.
Chapterd, Research processatescribeshe processas follows
- Section(4.1), Problemdiagnostic and introduceghe problem
- Section(4.2), Evaluating the actiopexplainshow the action can be evaluated
from a doctoral research point of view
- Section (4.3), Formalising the research procesloses thechapter and
proposes a stelpy-step process to duplicate thath initiated by the researcher

in the field of this research

The researchoversa 3-yearperiodinvolving the constuction of a 3block project of
a total of 144 apartmentEachblock is considered to ba separatease studyThe

blocksare namedblock 1, 2 and 3in chronologicalorder.

Problem diagnostic anddevelopment

This sectionpresents the probleapon whichthe research is grounded and howithe

has been refined anithe solutionbuilt into the frame of doctoral researchhe
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 prdalilerdient
(developerappointed the researchen alean constructiomonsultancycontract The

aim of this mission watsvofold. It wasnot onlyto improve theschedulingsystem ad
provide differentoutput (100% of the previous blocks of the previous phases of this
10-year project where delivered 12% to 18% lateording tahe initial contractual
progranme) but also to improve the quality of the works delivered by the contractors

(15 snagging works were noticed at the delivery of aparstenihar owners).
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Althoughthe delivery of the work&ulfilled the construction classidsoth in terms of
completion delays and snagging works (common standards foddhmot existin
Belgium), the client had ambitionso change the current state and improve their
process in thecourseof this consultancy mission. Theient accepted that the
researchercould ground his research in this contesb that the method could be
formalised, the output duly measured, and the process replicatedlure projects.

The agreement made the researcher totally feggrdingthe approach to be
implementedthe tools to be developed and tested and the data to be collected and then

sharel in the ontext ofa doctoralstudythat would lead to a PhD thesis.

It is to be notedhat full support was then provided by tbeent in the path followed

and in communicating the importance of changing the system in the first months of
the missionLooking bac, in the light of the entire-§ear process of the researtie
researcher believes that this initlpport and positive communication facilitated
much of the application of the first todhé weeklywork plan); at leastthis was sin

the initial asbption of the tool by the contract@ecausditerature on the topic of the
success factorglating tolean construction approachescarcé€Nelder (2006)Ward
(2015) Davies(2002; Cano(20159), further research would be needed on the initial
condiions of success in the context of SMEs in smedl estateitesto validate the

research r pbstresearch intuitios

Oncethe problem wagdentified in general termsfrom the initial discussions with
the developey the researchehad to investigate it in practice and grdws
understanding af . Althougheach situation is unique, it was possjkteough reading
the literature related to the probletm refineit, developt and thertest solutionsThe
effects of the solutions resolvingthe problem were later measurétbweverbefore
that the next loop of iterative improvement proastad been carried until a

satisfactory improvement level been reached (in relatidine aim of theclient).
The first taskthe researchewas givenwas to provide a diagnostic of the current

situation. Thisanalysiswas made on the first buildingock, where the works had

already startedn the formof identifying anywasteand staihg a waste reduction
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journey, as described ithe TPS with the aim of improving the construction processes
andgeneratingangible impacts (collateral effects) on safetgtime reduction and

quality improvement

The research process began with an insrch of &olution to a problem perceived

in practice: the site workwere highly unstable and desynchronised, and there was
little evidenceof 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, | s call
uponto provide immediate solutions to immediate issues. As a researcher, however, |
had to make the switch from consultingcinsiderthe distinctness and causes of the
problem from a theoretical perspective. The theoretical part was to be investigate

the existing literature.

At the time of the inception of the researtlamzeh et al2009, Bjornfot (2012)and
Zimina et al.(2012 had alreadypointedout thattherewasa lack of research in the
application of learconstruction iNSMEs. Alves et al. 2012nd later, Tauriainen et
al. (2016)arguedhatit was down to the LC community trawattentionto SMEsby
demonstratinguccessfubusiness casand diffushgthemechanisms for LC at SME
level. Other authors later claimed thgpecial attention should be given to SMfEg&en
the lack ofleanconstruction(and BIM) literature from the SMEs perspectifgpstill-
Goddard et al2016; Dainty et al(2017; Lam et al(2017); Tezel et al(2018).

Tezel et al (2019) had been first toperform a systematic literature review k@an
construction and BIM in SMES.hey pointecut that

o0 Therewas n o signiycant di fference bet ween
American, and Brazilian research in terms of researth SME and lean
constructiorfocus

o An overwhelming majority of the publicatioos SME and LCare concerned
with construction SMEs rathendn design SMEs.

0 The current discussion on LC adoptiopomt he desi gn SMEsd& per

very limited.
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o0 Almost onehalf of publications have beegpresented athe IGLC annual
conference anthrought he Lean Construction I nstit!
Journal.

o The LC literaturethat existsmostly overlooks organisational, procuremen
training, and project governancelated parameters in LC implementations
(Green et al. 2005; Jgrgensamd Emmitt 2008; Alves et al. 2012; Wandahl
2014; Cano et al. 2015).

o DiscussionsconcerningLC training and diffusion mechanisms at SMEs are
currently very limited.

o0 There are only a feywiecesconcerned withthe theoretical exploration of LC
andSMEs.

Hence, at the beginning of the reseairtR013, aly a limited amount of information

was found in the residential development field made by SMEs to gain a deeper
understandindpoth problemand of the theoretical background that could prowde
basis for adkessing it. Theissues, problemsand solutions applicable to a large
hospital project in California erected by multinational lean leader construction
companies had some limited applicability to the smallaBartment block
developmentn a Brussels suburimade by small SMEs whwadnever heard about

leanconstructionThis was the basis @ase Study 1.

The literature review focused on the principle of flow stability, scheduling, lean
production, learronstructionand the deficiencies of classical ggdj management.

Once the problerhad beerduly identified and its effects measured, Step 2 consisted
of definingthe objectives of a solution theduldbe implementedn other words, the
expected results or effects of Step 1. The data gathered in $teye Xeviewed 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 onrtlees e asrpradticalr 6
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 oarsitéo seek
a reductionin delays, perceived stress, and costgether withan increase in

motivation, quality and health and safety

Evaluating the action

While Section4.1, Problemdiagnostic anddevelopmentdeveloped the context and
the formalisation of the problem, thgection focusses on how the action can be

evaluated.

After the action research @mpletedit is crucialto determine whethea realworld
problem has been solved and asseswmt impact has been created by the
implementation of a new artefadhe researcher can thestimatethe contribution
from bothpractical and theoreticabints of view(Lukka, 2003).

In order tovalidate thevalue of new artefactand benchmark the new solution to
existing solutions and idegsasanen (1986) proposttseemarket testsweak, semi
strong and strongA market test is considered weak if the interest ofttaetitioners
is solely based on the resuhatthe solution has achievedl market test isonsidered
semistrongon the basis of how much the adoption of the artefact within the companies
has been spread. strong market teseflecs how theresultshave been improveit
practiceby the companieghat systematically appd the artefacin compaison to
those whohavenot. As Brady (2014)utlines,the benefit of ealuathg themodel
across the research is twofold
o0 to contributeto the development dhe model and eadarther development
and
0 to validatethe practicalapplicability andindustry effectiveness of the model
(i.e., the market testing of the artefact). In this way, both formative and

summative evaluatianare achieved

Smithson and Hirschheim (1998) and Remenyi (1999) ld@sttified the two most

important antagonisti@pproaches taevaluating DSR formative and summative
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evaluation on one side, amgkante or expost evaluation on the other. These
approaches were te&x developed by Stefanou (2001), Irani and Love (2002) and
Klecun and Cornford (2005). Remenyi (199@tegorisedhe distinctions between
approaches and techniques. For Remenyi, an approach can be either quantitative or
qualitative, and a technique caither 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 eV&toate
Stuf pebeam 2003) .

Peffers (2008) sumarises the choices of evaluation methods and atigegshould
be driven by thenature of the artefacts: particular artefacts lend themselves to

evaluationby particular methods:

Logical argument QAN argument with face validity

Expertevaluation fAssessment of an artefact by one or more exp
(e.g., Delphi stuadly)

fA performance evaluation of an algorithm
Technical experiment | implementation using-neald data, synthetic data
or no data, designed to evaluate technical
performance rathieait performance in relation tg
real worfl

Subjectbased experimer| A testinvolving subjects to evaluate whether g
assertion is troie

fUse of an artefact in awneald situation as part o
Action research a research interventmmluating its effect on the
realworld situation

Prototype fAimplementation of an artefact aimed at demon
the utility or suitability of the attefact

Case study fApplication of an artefact to avmt_ni sitg‘ation,
evaluating its effectlom realvorld situation
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Logical argument 0An argument with face validity

' . fApplication of an artefact to a synthetisvarical
lllustrative scenario situation aimed at illustrating the suitability or u
the artefagt

Table3.7.41 Summary of the choices of evaluation methods (adapted frders? &008)

Venable (2012) insist on the importancettud evaluationphaseto achieve rigoum
DSR He points out that there is little guidancencerningormulating the evaluation
activity of DSR He proposes an extendéhmework of DSRevaluationwhich he
coupled togethewith aDSRdesignto guide design science researcharghe choce
and justification of thevaluaion phaseThe DSR researchers caaw validate both
designs 4rtefacts antheorie3 in the production obutput.

Venable (2012tapitalises on PriesHeje et al(2008), who proposed a strate§i&R

evaluationframework comprising simple but efficien2X2 framework. This table
provides strategies for evaluation DER and helps the researcher chobséween
them.

The researcher should choose whether the evaluation should bebassdien an
artificial or naturalistic approacland then whether the evaligat is madeexanteor
expost An ex-postevaluation relates to an instantiated artefact (i.e. an instantiation)
andexanteto aninstantiatedartefact such as a designaamodelas presented in the

following page.
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Ex Ante Ex Post

Naturalistic

Artificial

Figure 3.7.41 Research Quadrants (Venable, 2012)

(1) The distinctions ofexante versus expost and artificial versus naturalistic
evaluatiors reflecta variety of ways in which evaluation might be conducted.

(2) Ex-ante evaluation is possibleithout 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 amaitgple 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 (prduct or process) and the intended goals or improvements.

Venable (2012) later proposed a fatep method for the evaluation research design

of DSR first, analyse the requirements for the evaluation to be designed; second, map
the requirements to one orore of the dimensions and quadrants in the framework
using Figuret.2-1; third, select an appropriate evaluation method or methods that align
with the chosen strategy quadrant(s) using Figurel, and fourth, design the

evaluation in more detail

(1) Analyse the context of the evaluatiethe evaluation requirements.

o fDetermine what the evaluands are: concepts, models, methods, instantiations,
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(2)

3)

or design theories, or some combination

o fiDetermine the nature of the artefacts or evaluands. Ararteéacts to be
produced products, processes, or both? Are the artefacts to be produced purely
technicaly or societechnicaly? Will they be safetgritical or not?

o fiDetermine what properties need to be evaluated: Which of these (or other
properties) wilbe evaluated? Does utility or effectiveness, efficiency, efficacy,
ethicality, or some other quality (and which) need to be evaluated?

o fDetermine the goal/purpose of the evaluation. Will a single or main artefact
be evaluated against goals? Does theelbged artefact need to be compared
against other artefacts?

o MAldentify 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 mustderd sparingly®

o fConsider the required rigour of the evaluation. How rigorous must the
evaluation be? Can it be just a preliminary evaluation, @rdstailed and
rigorous evaluation required? Can some parts of the evaluation be done
following the conalision of the project?

o MfPrioritise the above contextual factors to determine which aspects are

essential, more important, less important, nice to have, and irrefievant.

fiMatch the needed contextual factors (goals, artefact properties, etc.) of the
evaluaion (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
guadrant. The criteria statement that mesthe contextual features the DSR
project wil determine which quadrants apply most or are most needed. It may well
be that more than one quadrant applies, indicating the need for a-mgihdds
evaluation design

fiSelect the appropriate evaluation methods from those listed in the selected,
corresponding quadrants in Figukel1-2. If more than one box is indicated,
selecting a method present in more than one box may be helpful. The resulting
selection of evaluation methqd&gether with the strategies (i.e. quadrants)
constitutes a higlevel design for the evaluation researgh.
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(4) fDesign theDSR evaluation in detailAn exanteevaluation will precedexpost
evaluation, but more than one evaluation may be performed, and more than one
method used, in which case the order of their use and halifférent 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 literatore.

Venable, Priegdeje and Baskerville (2015) further developed and refined the above
evaluation modelgto what has been called the framework for evaluation in design

science. This framework aims; to

figuidedesign science researchers in developing a strategy for evaluating
the artefacts they develop withirD&Rprojecto

Evaluation can be achieved bollowing the four steps beloffrom Venable, Pries

Heje and Baskerville (201F)

1) fExplicate the goalsfahe evaluation
U ARigour: It is essential at the beginning of the evaluation strategy to
check that it is the artefact, and onlythginstantiation) that causes an
observed out c ome (artiycial eval ua
instantiation works in aal situation (naturalistic evaluatiod).
U fUncertainty and risk reduction: Risks may originate from different
factors suchas human or technical error. Formative evaluations should

be conducted as early as praasticabl e

for | mpr ovement to inpuence and | mpt
Hi gher guality artefacts (more eff ec
attainedo
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U nEthics: The evaluation should address potential risks to animals, people,
organisations, or the publiéincluding future generations. Summative
evaluation is the best way to ensure the rigour that reduces risk to the
eventual users of the artefacts and knowledge resultingidRi0

U AEf yciency: Ef ycient e-offabetweart ighbn  r epr
levels of rigour, low risk and high ethics otihe one side, and the
resources necessary to meet the artefact (financial and tempuotak
other A naturalistic evaluation isnore often less efficient than an
artiycial evarmhpiarn ii o aleval@dod agpnpeohies | )
generally need thiewestresources

2) Choose the evaluation strategy or strategies for the evaluation, including

U Evaluation and prioritisation of the design risks, and understanding of
the potential problems that the design mayefa

U Evaluation of the costs of using real users and systems in the setting;

U Evaluation of the category of the artefact (@eghnical, 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

U Evaluation of whether the construction of the design is small and simple

or large and complex.

3) Determine the properties to evaluate, including

Framingof potential evaluands;

i
U Alignment of candidate evaluandsth the goals explicated in Stép
U Alignment of evaluands to the chosen strategy; and

i

Choice of evaluands based on the abloseristics

4) Design the individual evaluation episode(s), including
U Identification and analysis of the constraints in the environment;
U Prioritisation of the above to contextual factors; and

U Decision on a plan.
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4.3 Formalising the research process

While Secton 4.1, Problemdiagnostic anddevelopmentdeveloped the context and
the developmentf the formalisation of the problem aSection4.2, Evaluating the
action, focused on how the action was evaluathi,dectionprovides the readevith

a synthesis of the steps that have been follawelde research

The ink with therelatedsectionfrom this thesiseaseghe reading process @ihe
understanding of th@ath followedfrom step 1 to step 10 so thatthe approach
developedn the thesian bereplicated This slightly diffels from the actual path
followed by the researcher as it has bémmalisedafter the researchavingbeen
undertakenconsideringthe experience gained by the researctieoughout the

research

The following steps needuture research andn-site implematation so that the
proposed approach can tefined,improvedanddeveloped
The following steps provide a formalisation of the experience of the researdmer in

hopeof easingaf ut ur e r veosk avithiSKEs & thé same context.

1. Identify the problem of the research

The need for research or application of a new approach must be validassiirst
step helpgo get the sponsor enoard The path is long and requires supp&ee
5.2Problem of the practitionea(eal estateleveloper)

2. Validate the real engagemento change the system

A sponsor alonesven theclient, is not sufficient to impacdte productiorsitein

the context of SMEs. It is important that most (if ah} of the teangets engaged

in the search for improvement. In the context of the research, thihiadeipeen

made later in the process to avoifeating thefeelingsof the site crewkFrom the
experience gained, it is proposed to validate engagement as early as pibssible
phase can berelatealt he @ el i mi n ain TheMachioe That Chandesin s 0
the World (Daniel T. Jonesand Daniel Ro81990).See6.1.4.3Creating a sense

of urgency and engaging the crew
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3. Diagnosethe situation

From perception to improvemenity measuring the actuaituation. On the basis

of Abad news e ar lapeasusemenbobtite adtsifatoomhelp®st i on o0,

lower passions antluman perception biaSee 6.1.Diagnostics:clarification of
the problem

4, Create a favourable environment

From the researcher s expeheapplicatimotgai ned

5 S approach (see 65&s on site: @velopment of research Stage)lia musts
thefirst operational stepheactualactionresearch startealith theimplementation
of theLPSas ascheduling toollt is proposed tonoveto this step after the site has
been made more readable and organised, not to mentionadgi®ved by the
application of 530 maximee thetangibility of the results of the following steps.

5. Create a learning processwith the application of the LPS

Through themplementatiorof aweeklywork plan, the focus can be made on the
flow of works and on the weekly engagememith the shopfloor and on
understanding the actual difficulties by measuring thedualng performance on
site. Learning from mistakes becomes a weekly routine and an improvement
approach can be promote&ke(6.1) Beginningwith LPS: development of research
Stage 1.1 This step was undertaken filshsed orthe experience gained in this
researchit is proposed to first start with 5S and then to focus on the scheduling.

0. Make tasksand activities ready

Once the environment on sikasimproved ands readable and the scheduse
stabilized the tasks or activitieeomprisingthe schedule must be thoroughly
anticipated and prepared. The apgtion of amakeready approach helps staka
the schedule byeducingthe probability of making do on site from lack of
resourcesSee 6.3Focus on rake ready: dvelopment of research Stage.lBe
importance of a rigorous spatial organisation gmcurementroutine is
highlighted by themplementatiorof the approach.
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7. 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 questionedanom
operational point of viesee 7.1Raisers technical improvementgwlopment of
research Stage 2.Erom the experience gain&@m this research, thienportance

of improving the desigis crucial not onlyto easehe work of the workmen but
alsoto getthe engineers, architect atie dient onboard and be part of the solution.
The effectof seeking improvements in the drawings destsdillia team that was

not used to kiag questioned. The crementionedn step 2Validation of the real
engagement to change or make the system ewwl@nsequenthenlarged fora

larger effect.

8. Create a steady production pace

Theadoptionof takt timecoupled withkanbanhelpsmaintain a controlled flow of
work that can be desigd to beas steady as possibledrsearch fothe stability of
productionon the site. See 7.3 akt planning:Developmenbf research Stage 2.3
and 8.1Humanfactor bias: introduction ofdisciplineandkanban respectively.

9.
Stability indicators (index) and learning

Improvemers in the production flow can then be better followed and more
precisely measuretlVeekly physical progress is a simpled immediateneasure
that can be initiated on sit&he exploitation of these measupsvidestangible
insightsinto the worksstability. See 7.2.3 Develogd solutioni weekly progress
stability indicator Theeffects of theactionson ste can then be better followexgb

and the learning curvean befed by the feedbc

10. Prepare for the next iteration cycle

The wholeexperiencecan then be implemented in a management dashlaoakd
theapproach closkas afirst top-down/bottomup iteration cycletop-down as the
approachhas beenriggered bythe client and bottorrup as the approach fied at
the highest level by shop floor information.
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The following chart is a summaryof the proposed approacladapted with the
researcher s exper i enc antogrmprovmgtite produatianu g ho u't

workflow on real estate development construction sites made by SMEs.

1. Identify the problem of the research

4

2. Validate the real engagement to change the system

=

3. Diagnosethe situation

>

4. Create a favourable environment

<

5. Create a learning process with the applicatiorLPS

<

6. Make tasks and activities ready

.

7. Design and technical improvements

<

8. Create a steady production pace

<

9. Stability indicators (index) and learning

4

10. Prepare for the next iteration cycle
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Complements

FromChapter(1), Introduction through toChapter(4), Research processebe thesis
increaseshereaders understanding of the context of the problem and s lheen
addresseth the context of this doctoral approach.

This chaptercomplements the latter ahelps the readdully understand the research
undertaken in the context of this thedi®m the background of the construction
projectsto the research summary through the problem ofcliemt (a real estate
developer) and thsource of the resear¢B blocksof real estate developmenthis

chapteris constructeds follows:

- Section(5.1), Backgroundf the project presents the main elements of thieree
phases oh 3-block real estate development projéicat startedlO years agoon
which the researchérasbased the research presented inttess.

- Section(5.2), Problem of the practitione@a(real estate developeliptroduces and
develops the problemhared by theclient and the reason for seeking help in
searcling for an improvement itthe current situation.

- Section (5.3), Grounds of the researchfocus on the 3block real estate
development sitanarrows and presents thi@eeblocks where the research was
undertaken and provides the readh acontext and understanding of the sites.

- Section(5.4), Research summansummarises the approach followed by the

researcheand concludes thehapter

This chapteris followed by Chapter(6), Case Studyf block 1: inception of lean
Chapter(7), Case Studgnblock2: Development of the soluti@amdChapter8) Case
Studyon block 3: further developmenof 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 sectioncomplements the presentatiohthe projecimade earliem the thesido
provide the readewith more context of the researchhe project, which is the focus

of this case study, involved the construction of timeeks of a total of 140 apartments

in a suburb of Brussels in Belgium. TiRiblock phase (representing Phase 3) was the
last of a 18yea development project; hence, a previous sample of 200 apartments had

been erected theaditionalway in two phases (Phase 1 and Phase 2).

Picture3.7.41 Aerial view of the3-phase project

The real estate developéhe Client is a subsidianpf a largerenownedSwedish
developer(2.500 employeesi1,500 k turnover) thabperdesacrossScandinaviand
has arextensive track record of successful project completibairquality, costs and
planningindicators arewell abovethe average in the construction industry, with a
mean of 70% of apartments delivered stexs. The table of the following page
illustratesthis.
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chissis

facade

terrasse

garde—corps

électricite

chauffage

ventilation

sanitaire

cuisine

carrelage

parquet

porte

plafonnage

nettoyage

conception

remargues

5%

1%

1%

0%

16%

4%

1%

21%

1%

8%

9%

10%

13%

2%

0%

totaux et pourcentages

25

7

3

20

16

62

47

71

545

manque défaut dégat
inacheve achevé mais refusé achevé, réceptionnable mais
endommagé
nombre nombre appts nombre nombre appts nombre nombre appts
remarques concernés remarques concernés remarques concernés
3 17 5
3 13 5
0 4 3
0 4 3
| | |
| 0 |
0
48 4] 0
19 15 0
15 4 |
10 4
3 2 0
2 2 0
44 63 9
20 25 8
27 26 9
19 14 8
28 11 5
18 8 4
35 8 4
19 8 3
9 31 14
8 16 12
21 49 |
14 22
3 7 |
3 6
2 0 0
2 0 0
235 257 53
43% 47% 10%

The real estate developer kept track ofitttmmpleteapartments at completion (i.e.
worksyetto be completed dhedue date) and ohe imperfect apartments (i.e. with
shagging 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) wasl8iss 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 busitiness as
Client, with the same kind of contractors, this measuas considered an industry

classic mean. Most of the developers interviewed considerddwhipuality standard

Table3.7.41 Number of snag works per apartment per phase

asinevitable intrinsically grounded within the construction industry.
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5.2 Problem of the practitioner (a real estate developer)

While Section5.1, ,Background of theproject complemered the context of the
project, thissection complements thg@roblem presentedearlier in (4.1), Problem
diagnostic anddevelopmentand provides the readerwith more context of the

research

In 2015, m Phase 2the Clientchoseto go beyondhe prevailingt h athedvay-it-

goes mentality in the construction industrglanitiated an anticipated snagtection
system. This system consisted of systematically sear¢binfigults andincomplete

works (prepre-snag) three months before the completitate anddoing the same

again two monthtater(pre-snag), so that the spéist 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 sucaessomparison tothe averageof 15
commonly accepte@reviously The downside of the systemasvthehigh cost of

human resources that the developer had to allocate to tdeagsuls. Two engineers

had to work full time to achieve the aim; their cdstsughtdown the overall benefit

of the resuilt.

The developer then sought a meystematic, structured way to achieve better quality,
lower costs and reduced time and discovered the lean philosophy. | was subsequently
appointed as a consultant to develop a model that would help them deliver the
apartments with outstanding performarice. beyond current standards) in terms of
cost, time and quality. THenal threeblocks (Phase 3) were used as a livinglabory

for thedoctoral researcbf the authorThe lean theories would be applied on site, and

the site measures would feed teeearch in iterative cycles.

5.3 Grounds of the researchfocuson the 3-block real estate development site

While the previousectiors of thissectionhaveprovided complement® the context
of the research antb the 10-year real estate projedhis section focusseson and
developt he r eader 0s thefmapmhass atlethidke bhogks where the

doctoral study igrounced, time andquality time were to be improved.
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Thelast phase of the 1fear construction project comprised tlumstructionof three
consecutive blockglanned from 203 t02018 as presentedelow:

- Phase Block 1 35 apartmentdrom 2013 to 2015

- Phase Block 2: 65 apartmentgrom 205 to 2017

- Phase Block 3 40 apartmentdrom 2016 to 2018

Figure3.7.41 Aerial view of the threblocks of Phase 3

As part ofthemissionof the researchers aconsultant, | washallenged talesign and

build a practicalsolution to address the problem of pamnstructionefficiency
(extended delaysadditional amendments, qualitysuesand extracod). The client

had the intuition that this would be made possible through hgiiening andan
optimised building processThe researchevasappointed fothis projectfrom phase

to phase, over a pericaf more than three yearfom April 2014 July 20%. The
works in block 1 had already started by
consultant.The concrete workgelevation walls)were in progressn the 4" floor
researchnception.
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5.4 Research summary

While the previousectiors d this chaptes have provided complemententhe context
and problenof theclient, this sectionsummarises the researithprovide the reader
with a global understanding of the path followed by the researcher theer
construction othe threeblocks of real estate development.

On each block e research followed tHellowing cycles:
- 1.diagnostic,
- 2.action planned,
- 3.action taken, and

- 4. evaluation of the action.

To link eachblock and grow the chain of evidence, two stegse addeatthe end of
the cycle
- b.learning and

- 6. questioning to initiate the next action research cycle.

Thus the researcher based the actions laing-term lean constructiortonsultancy

mission on a scientific approach undee direction of doctoral studie$his format

helped bridgahe two worlds of academia and practice, the former with the datter

i nputs and dat a and sttutiwwed and sctergific approacthin t he f
thesearch foan answer to the shared problem.

The tableson the following pagesTable3.7.41 Actionresearch cyclesnadein
Block, Table3.7.42  Action research cyclesnadein Block 2 and Table 3.7.43
Action research cyclesmadein block 3, present the logical path andeps
undertaken from the diagnostic of the first actiesearchin Block 1 (Action Research
1.1) to the question that introduces the third action rese&wtiof Research 3)1
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Block 1

Research 1.1

Research 1.2

Research 1.2 bis

Research 1.4

Site works highly
unstable and

Delays (and raut

PPC fluctuates and

Lackof activity

(1) desynchronised, Ig lower PPC) mair] .| fathers work
: . S should be stabilisec .
Diagnostic | Vvisibility of the due to labour .1 desynchrasation
. | ensure works stabil o
structural works [ congestion on si despite high PPC
schedule
Start the .
2 . .

( .) implementation of |, ... .. | Analyséhe root _Contlnue the_
Action LPS by weekly wol Initiate 5S on sité cauSes implementation of
planned plan (WWP) meetil LPS to the next st

Introduction and
implementation of
2-hour training in le Systematic @nake readio the

3) construction with tf Start 5Sviththe | questioning of the g trade project

Action taken

foremen, setting of
the rules of the W\
meetings

first S: evacuate
the waste

foremenfive whyé
analysis when
possiblappropriate

managers and
determination of th
theoretical works
sequence and uni
time.

(4)
Evaluation
of the action

Works commitmen
on site (PPC)
doubled in the first
monthcontinued to
growtheraafter

PPC continued t
risethough
unstablérom one
weektoanother

PPC levelled

PPC kept high,
works stability
improved

A clear understang
of thed lwydand

favourable meeting
conditions are key
first lure the forem:

A clear working
area helps the
foremen be awa

Immediate answers
hide real difficulties
faced by the foreme
A natural tendency
notpresenthe

constraints and bad

The works can be

Lea(r5r3in who will then comg of their own issu ggz\ﬁ:&rg’hgﬁgﬁ desynchronised
9 naturallyothe andthat of the answers (in a despite a high PP
meetingsyhich are | otherswhich cOntinUOUS
kept short and use| eases mutual he|.
for their daily improvement goal)
organisation camefrom the
foremen, not from tl
project managers.
(6)
Question to : Why is work running What can be
initiate the | hat prevents site Why is PPC latevs schedule | MProved in the ne
: commitment (PPC] : . block (Chopin) tha
next action o unstable? despite a high and .
h from rising? levelled PPC? has slowed work i
resea}rc ’ this block?
cycle

Table3.7.41 Action research cyclemadein Block1
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Block 2

Researcl?.1

Researcl?.2

Researcl?.3

Researcl2.4

(1)

Diagnostic

Work in the raisers
has been a
bottlenecatthe star]
of the work ahas
delayedhe whole
progress of Block ]

The work is still
unstable despite
high PPC and
technical
anticipations.

Accelerations and
decelerations in the
pace of the work is
measured from one
apartment thenext,
from one week to th
next; last planner is
not enough

The pull system
based otakt time
requires discipling
Despite thgtow
consistency
improves, site
congestion becom
again an issue.

(2)
Action
planned

Technical
optimisation and
micreplanning of th
works in the raiser

Compare the
theoretical and
actual works
progress.

Determine a pace ¢
align all tradésand
develop a
complementary pull
system.

Develop further th
pull system by

integrating a kanb
system (discipline
visual manageme

3)

Action taken

Special collaborati
meeting with the
M&E-structural trag
foremen and proje:
managers

Determine a mot
to calculate the
theoretical week
progress for eac
apartment in a
stable flow vs
weekly progress
measurement orj
site

Calculatedtakt time
that should allow eg
trade to complete it
works in a single
apartment. Initidadt
planning following
Frandseno

Develop a table
displayed on the v
of the site meeting
room with sticky

vignettes (kanban
for the next trade
thequeue, mainly §
communication to

A truly collaborativi
spirit has allowed

Permitted to find

Individual and
collective
improvement on tf

Ev aluf'::[i) on of E:iusjee(r)sffs\}o-l;lr(“\e/vas distortions betwsg Mea_s_ured works | state of th_e site ar
h i ontimised and theor_y and actud stability, doubled | selfcommitment tg
the action 0P dwellin | Physical progres follow the rules.
gge\:/[;arl]rcee wellin Work stability
' doubled.
The project manag
are not used to It is somehow possi Discipline can be
addressgissues [ A high and stablq to applyakt time to eased by a simole
(5) well in advance; a | PPC does not |the construction Hrocti ye Ip
Learning |tradededicated necessarily industry: early key ﬁqa?nCaNSn\wlmlesr:Jta
preparation could | stabie works. [success factors syster%
have eased the identified. '
process.
(6) Can the trade
Question to | Technical WOTKers progress | 1 ease the .
initiate next |optimisations enouy In & continuous managerial process Is th!s system
action to stabilise the and constant keeping thiakt duplicable in thext|
ks (stable) flow on Svstem? block? (Block 3)
research | Works: site, such as the|>Y '
cycle cars in a factory’

Table3.7.42

Action research cyclamadein Block?2
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Block 3 Action Research 3.1
. (1) .| Lack of discipline and human bias laskaf reliability on site
Diagnostic
A(Z.) Test the application of a visual and simpleatiaoiulderforce
ction o 2
discipline (insert a constiratiothe system)
planned
(3)
Action Test the application of a visual kanban
taken
3
Evaluation L
of the Variability decreased
action
) .
Learning Kanban can be successfully applied
(6)
Question
to initiate | How can kanban be gemseriio the other stakeholders (archi
next action | technicapecialistgtc) to improve upstreafrmation flow stafil
research
cycle

Table3.7.43 Action research cyclemadein block 3

The nextsectiors detail the above table andcftis on the developments and
instantiations of the model developed by this research. They are structured to follow
the five steps by Peffer et al. (200d@gmely (a) problem identification, (b) definition

of the objectives for a solution, (c) design andalepment, (d) demonstration, and

(e) evaluation. As part of a sixth step, (f) communicatiorti{efartefact to relevant
audiences such as researchers and practicing professionals), this thesis and publication
of the findingsin academic papers will helgisseminate the information into the
research community, and tledustry conferences held in 2015, 2016 and 2017 in
Paris(FFB Conference)Brussel{CCI Conference)Wallonia(Chambre des Metiers
Conferences)Bordeaux(FFB Conference)Melun (FFB Confeence) Luxembourg

(LIST Conferenceland GenevdInduni Conference)giving professionals concrete
examples of achievable resulr the sake of clarification, and to ease the reader in
following the demonstration, the author has added three paragraphs fahaptdr
(instantiation): introduction, data collection and demonstration of the solution.
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The nextchaptes 6), (7) and (B follow the same eight stepsth (where relevant)
- 1) Introduction,
- 2) Diagnosticsglarification of the problem
- 3) Definition of objectives for the solution,
- 4) Develop solution,
- 5) Action taken
- 7) Demonstration of solution

- 8) Evaluation of heresearclsolution

The followingchaptes, Chapter(6), Case Study on block ihception of leapChapter
(7), Case Study on block 2: Development of the soluéindChapter(8), Case Study
on block 3 further development of a pull flow systedevelop the research and

findings made on the three blocks.

6 Case Studyof block 1: inception of lean

This Chaptelis composed of fousectiors.

o0 Section(6.1), Beginningwith LPS development of research Stage, presents
the inception of the research with tinéroductionof theweeklywork plan of
the LPS as a first step ithe search fora solution tathecl i ent 6 s pr obl er
presented irsection(4.1), Problemdiagnostic and

0 Asthe Last PlannEr System through the application of tiveeklywork plan
was not sufficientin itself in the latterstage, the research was continued
Section(6.2), 5 on site: e&tvelopment of research Stage, In2roduces how
the 5S approach has been applied on site.

o0 Asthe 5S aniVWP were not sufficient and procurement issues were detected,
the researclvasoriented to the anticipation of tinelelivery on site.Section
(6.3), Focus on rake ready: dvelopment of research Stage,pfesents the
developmenof the application of the makeady phasef theLPS

0 Section (6.4), Sectionsummary summarises thehapteron the research

carried out orblock 1.
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Then,Chapter(7), Case Studpn block 3: further developmentf a pull flow system
and Chapter(8), Case Studyn block 2: Development of the solutipdevelop the

research in thewo blockswhich follow.

The research has been grounded on a real estate development project that comprised
threeblocks: block 1, block 2and block 3This chapterdescribes the research thas

beenundertakeron block 1.

The aims of thighapterare as follows:

o To better understand the root causethe problemwhen lookingto improve
work synchronisation in the construction process;

o To develop how the research has been implementguiactce while being
linked to the fundamental academic methods and identify the main
foundational conceptthat would help grovwan understandig of the current
situation andf the models to be applied

o To describe and justify how the methods have bededegiven the very
limited literature on the application of thpproacltonareal estate construction
siterunby SMEs;

o0 To explain and desitre the limits of the application of 5S and LPS dmehce

the need to further develop visual and flow management

The picturein the next pagdlustrates the end product of block 1 as handed over to
the owners of the apartments/
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Picture3.7.41: Block 1 building completed

6.1 Beginningwith LPS: development of research Stage 1.1

6.1.1 Introduction

The following subsectiors show how the lean journey started and htve 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'tfieot at the beginning

of the action research) to a neywstem based on takt planning &ahban methods
throughaction andSR cyclesfrom block 1 to block 3.

Block 1 constructionwas carried out between September 2014 and December 2015.
As the initial research stage, researctBboctk 1 focused on testing an existing flow
management tool (i.e. LPS) as a meahstabilisingthe production flowBlock 1
involved the construction cd block of 35 residential apartments. The project was

managed by the property developehemselvesperforming the role of project

170/ 412



managers,with whom each contractor had a separate contract (i.e. no general
contractor oversaw the site management). Eightcipal subcontractors were
appointed tobuild most of thebuilding block Bradyd $2014) research fielénd
environmentare quite similar tothose in which this research has been undertaken
(mid-size sites made by SME$rady (2014)advocatedhat the project could be
completed undethe targetcostthrough better coordination between the contractors

andthrough an optimised planning and building process.

6.1.2 Diagnostics:clarification of the problem

The research process starteith an attempt to identifyhe originalproblemwhich

was perceived to belack of work planning leading to low quality and increased costs

at delivery or handoveihe first step wato develop an understanding of the cutren
situation andink the observed reality to a thetical perspectiveA first reviewof the
literaturethat addresses th@oblemswas carried out, but only a limited part of the
extended literatureapplied to the relevant environmenwhich was real estte
development sites run by SMREgth direct contracts with thewner no general
contractor or external project manager to oversee the construction process and take
responsibility for the time, quality,costs,and H&S performancesThe literature
review focused on work synchronisation, flow theowaes! worklevelling 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 datagathered on the initial state of the site. Indeed, when | started working on the
site, the concrete work had already begun, and a structure of three of five floors was
already erectedOther data were collected from the constructiaite (photos,
interviews, measures of wastgaily coordination problemsetc) and later reviewed

to link the observed reality to the thetical issues or past documented experiences
The literaturereview, in the light of theractice as audited (and vice verdsglped
identify thefirst layer of theproblemghat the constructiositefaced.As Tezel (2019)
pointed, the vast majority of the literatuwe LC made by SME is stillalated tathe

operational aspects aflack of work synchronisation and of adequégelayout.
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6.1.2.1Poor mastemplanning optimisation, lack ofctivity overlaps

The WWP was drawn up followinghe recommendation of the LPS. Only the tasks

that started and ended the planned day were noted as completed promises. In this case,
andonlyinthiscase, the figure fAl10 waAlthaughshsr t ed
figure was normally used to signify thatesskhad beerstarted ohadended earlier or

later or no started or completethe researchersed itto indicate that the promise was
completa. The works were collaboratively noted as completed or not completed by
the contractor in charge and the company next in sequence anddiigrnheA task,

when noted Al1l0, thecritetiareguréd® tavwid snaggimgtworks| |
that wouldresultin the misallocatiorof the taskas having been completethis tak

was consi der ed fdo n badbedri0d0% completedihe statisc at e
of any promise scheduled the WWP couldonly beconsideredasO or 1in abinary

system completed or not completed@heseonly two scenariosreillustratedbelow:

CLOS YSAYE
Weekly Work Plan: Anticipation 15 jours E: 4 PPC 18%
Apt 7| Lot T Activité de la semaine ’ 1Je o Ve .:‘1'_ _:‘L uk 2“:76' P;Z:ue:i
1 A2 Elec Tracage implantations appartements bloc A (fin) § § X X !
f A2 Elec Réalisation des saignées et percements (fin) X X X X T
1 A2 Elec Evacuation des crasses / dechets ; § X X X ’
1 A0 Elec Tubes alimentations tableaux i !
1 A0 Elec Réalisations éventuels changements (plans) X § 0
1 A2 Elec Pose des blochets § XX ’
1 A21 Elec Cablage ! § ’
1 A2 Elec Cablage ! § '
(! Eec  |Tubage Vo X ’
1 A2 Plombier  Décharges i } ! 717 T )
1 A22 Plombier  \Décharges ; 8 1 "—
1 A4 Plombier  \Décharges i ! ’
T e Plombier  (Tuyautage § ; !
1w Plambier  (Tuyautage ! ; !

Figure6.1.21 Example ofveeklywork plan in blok 1-A
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o The [COIRIGRNIGRL in the grapkc above illustrates task promised to stash
19/06and to lastor two consecutive daysée the upper crosses in the calendar
box of thehighlightedline). The task started on 20/@&dcontinued until 24/06
(see the lower crosses in the calendar bak@fameline). So, althoughhe
task was completed in thecourse of theweek, the promiseould notbe
consi der ed and therafopelt was arshaiated 0in the table(red

circles.

o Thegreen highlighillustrates a task promised to start on 2306 to lastor
two consecutive days (see the upper crosses in the calendar box of the
highlightedline). The tasldid start on the 2/06, continued anthenendedon
24/06 (see the lower crosses in the calebda ofthe samdine). Given that
the next tradevas happy with theworks donethe promisewas considered
icompl etherdfaret chred t a s k lownghetabbleot ed

The first measures showed that the works on site were highly unstable and
desynchronised, and the existing planrimgthe structural workers lacked visibility:

the first three measures of the promises made under the inceptitre bPS,
completed by theite foremen beforits implementationshowed levels betweenil0

20% of PPC.

Such a level indicates that the vast majorityi @®6) of the work undertaken in a day
was not planned for that dajuring the previousweek. The overall planning was
following the CPM, buthatplanning was four months old and needed to be updated
to take intoconsideationthe actual constraints of the project and their impact on the

synchronisation of the works.

173/ 412



Picture6.1.21 lllustration of the initial state of the works environment of block 1 as audited by the reseéarcl

Unsafe, congestion, overloaded of unused materials and wastes

It is to be noted that the site was largely congesteddigrials, tools and ovstorage
and that safetmeeded tdoe improved. The lackf transparent planninigad ledthe
developer(acting as project manageo focus on the physical progress made weekly
following the welldisseminatediew in the constructin industry 0 A that is done,

is don@, a typical push sitenanagement system.
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While the structural work was almost done onftheth floor, the M&E works could

not start, given the installation of tmendows andwaterproofing(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 lackigitaoverlap prevented the

site from increasing the level of productivigven though the ground floor, the first

floor and the second floor were ready for the next tradespeople.
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Picture6.1.22 lllustration of one the ontrade-at-a-time works planning in the previous phases

According to the ctnt (acting as project managdt) fie crews would show up at the
area of work according to maesequences, very often finding that other trades had
alreadytakenpossession of the area or that they were blocked (with the materials left
in place) because another trade should finish its sviindt before the next iitnequeue

could start hié. As illustrated above,he macreplanning was so poorly defined
(sequences of macsequences of the concrete works with limited inputs on the
secondtrades) theywere open to interpretatiodor most contractors who were
wor ki ng fiwithoatrfadlowmg any flow orsite. The subcontractors were
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mainly working inareasd  w hitevasepossiblé, or dwhere it is convenient today
regarding the resources on sitather than where they shoulidve beemwork with
the proper material

From his own assessmeritetlient, acting as project magar, wasthenputtinggreat
effort into making the contractors dmsome jobs based on daily coordination,
flexibility and the rearrangemerf activities. It is obar that the master plan was of a

limited use, and created more confusilbanunity.
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Spatial sequence of the works for each trade:
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1 5 4

Figure6.1.22 lllustration of thesequence of the works thoughtfametrade-at-a-timed in the

previous phases
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Interestingly the master plan remained the only contractual docuioedétermining
whether a contractor was early or late in their works aihecburse, in these conditions,
the delivery date was uncertain at this stage. Notaléywhole project management
team (theclient, the architect, thengineersand the contractodsite managers) spent
more ttan half a day each week in a-called coordination meeting. Each player
offered feedback on the current situation and the cainst for the following period
(usually, a month), reviewed the master plan, pointed out the delays and outlinred mid
term milestones (two to three months ahead).dleev e | ®amehadéasentral role

in organising and coordinating the works and in kegprack 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 die @md

how to coordinate the next steps to deliver on time.

6.1.2.2Desynchronised works

At the beginning of the missiofand researgh the data from the master plan were
reviewedtogether by the researcher and ¢hent, comparing where companies were
planning to work and establishing whether they were carrying out the work as planned.
The researcher madevsually detailed audit of the current situatioitingfor each

task (or activity) whether the works as seenitgwvgerebeing done too early, on time,

or too late.

Measuring the difference between tilanning of the macro taskand the reality of

the progress on siteelped better understand the level of desynchronisatiba.
illustrated plan(seebelow) shows thabf the 113 tasks measured on siE3 typical

macro tasks pdtoor), 84 were late (4 week®n average)8 were ahead of schedule

(3 weeks on average) ad 21 were progressing on timg-/- 1 week).Next page
presents the actual document on which the Client based the follow up of the progress
made on sitel-or sake of authenticity, and despite much unreadable, it has been kept
as it is. This illustrates thHew attention that was given tbe works follow up in the

context of the beginning of this reseatnhthe Client.
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Figure 6.1.23 lllustration of the measure of progress of each macro task.

The actual documelig not more readable, kept as is for sake of authentidlingtrates theun-readability of the planning -
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6.1.2.3Lack of engagement tomprove the current situation

o From tre latterdatg it can be seethat arelatively small numbeof the tasks
were being carried out according to plRBarcentage of activities too early: 7%
o0 Percentage of activities on time: 19%
0 Percentage ofctivities 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 daghks which
weretoo early or too latevasnot measured; hence, the wornkgrogress on site were

desynchronised, with each contractor working maimizere theyc o u.l d 0

6.1.2.4Serious safety issues

The push system observed in plafoeced the site foremen to focus on production,
leaving safetyside fromtheirown assessmentDuring the initial audit, the researcher
noticedmanydangerous situatior{several on eactoor) thatcouldhave ledo lethal
consequenceslhe greaterrisks mainly originated inholes and missing handrails

across thevhole of theb-floor building site as illustrated in the followingictures.
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Picture6.1.23 Safety issue noticed in Block 1 at beginning of the research., 3rd floor
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Picture6.1.24 Safetyissue noticed in Block 1 at beginning of the research (handrail missing)
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Picture6.1.25 Safety issue noticed in Block 1 at beginning of the research (handrail missing,. 4th floor
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Picture6.1.27 Safety issue noticed in BlocKadnti-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, soughit 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 caontained
an averagel4.5 remarks, amongst which23were very urgent or criticalNo
improvement was observed nor noted by the inspector, despite his reportecdids

confirmed the severity of the safety issues detected by the researcher.

6.1.2.5Low visibility of site layout and inventory

Despite the high vame of human resources (35 workers solely for the concrete works
on a 35apartmentblock was considered highby the project managefor such a
projecd, the majority of the tasks were lafEhe workmen interviewedn siteshared

thedifficulty 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.

Picture6.1.28 Safety issue noticed in Bloclaflbeginning of the research: no pathway, iron bars unprotected, busy
floor, risk of fall, ground level
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Picture6.1.29 Safety issue noticed in Block 1 at beginning of the research: no pathway, iramipaotected, busy
floor, risk of fall, ground level

Picture6.1.210 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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Picture6.1.211 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 (plastecks arebeing used as prapin the
picturebelow), increasing confusion on site andy@eting the workers from working

with the needed resources.

Figure6.1.24 Safety issue noticed Block lat beginning of the researcRisk of collapse,™8

floor

Other measures of distances walked by a worker performi dteginning of the
research showed thatveorker walked 17 minutes without any apparent or shared

reason.The researcher went up the crane and observedakegtand interviewed a

185/412






































































































































































































































































































































































































































































































































































































