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ABSTRACT

Research studies indicate the existence of threerige ways for dealing with
variation: control, flexibility and buffering. Thesare the ways of assuring
organizational robustness to support the proaetntereactive management of events
that occur during the project life cycle. Traditdy, project management practices
have strongly relied on the combined use of con&odl buffers. However, the
growing recognition of problems associated withamigational complexity has been
changing paradigms and pushing structural changesrtls the development of
flexible competences.

This paper critically discusses the concept ofifigiky, regarding its definitions
applied to construction projects. The first objeetiis to provide a better
understanding of the concept by looking at its rimédationship with control and
buffering. The three concepts are explained agmifft but complementary ways of
handling variations. The second objective is towshbat, in any context, the
emergence of a flexible competence is the resuthafy internal adjustments in the
content of production strategy. The idea is to emésflexibility as a multi
dimensional concept that requires a core discifding various enablers. In doing so,
the authors hope to provide further understandfrteinner workings of production
system robustness and to highlight the importaet@blean practices.
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INTRODUCTION

There has been an increasing awareness that tfectprmanagement approach is
insufficient to ensure workflow stability in largeale product developments.
Experimentation with lean control initiatives showisat improving the timely
availability of materials, information, and resocescis not enough to generate a
significant better project performance. Conseqyengome practitioners and
academics have been breaking away from the linptegect management approach
and paying attention to strategic choices in prtidacstrategy that require a more
organizational level perspective.

The main driver for the change has been the acledn@ment of problems
associated with organizational complexity. This le®n leading firms to break
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paradigms and to recognize that systemic stabday be improved through the
utilization of all available resources. As a resuoibre than just trying to adequately
place and size resources, the firms are lookingleéeelop new roles for project
managers, decentralize functions and exploit thepstence and creativity of all
stakeholders, especially the workforce. But to dptBey must critically analyse the
strategic choices and bundles of practices thapestihe production systems and,
consequently, affect the emergence of flexible patidn competences.

In accordance with these aspects, the followingc®ogiscuss theoretical issues
that form an important background for the developired system flexibility types.
Investigation into this subject is particularly pnising because it is fundamental to
the issue of systemic stability and thereby to thevelopment of a more
comprehensive theory for project production. Thexifile production competences
and capabilities arising inside production systamesintrinsically linked to the goals
of value generation and waste reduction (e.g.,aBalet al 2001), since they address
both production situations and uncertainty regaydioustomer requirements.
Therefore, if a theoretical foundation is neededdéscribe the emerging project
production model, the fundamentals and enablers geaerate flexibility types
within organizations are worth investigation. Reshaon flexibility may be able to
provide a comprehensive picture of why and when leanstruction practices work
best.

REVISITING THE CONCEPT

FLEXIBILITY AS A WEAPON ON THE MANAGER 'S ARSENAL

Management can be both proactive and reactive eatséime time. According to
Monostori et al. (1998), proactive management isehaviour aimed at fostering
anticipation, learning and coherence. It is gemera process of preventing
anticipated disturbances as early as they aredeadde from monitored and sampled
performance trends. On the other hand, the autlessribe reactive management as
a behaviour aimed at achieving an adaptive cooteliheesponse to changes. It is an
event-driven incremental repair process to curirgetnal and external circumstances.
Both proactive and reactive management decisionsiidhbe based on real time
monitoring and a continual data-acquisition in shep floor.

Despite the common belief that good managementrimopdially proactive
instead of reactive, both proactivity and reaggivitust be combined for the effective
fulfilment of performance goals (e.g., Monostore€t1998). In other words, reactive
management does not necessarily mean lack of plgnms Schmenner and
Tatikonda (2005) put it, the study of the Japarfesable factory has not only led
researchers to question whether tradeoffs (e.d.vessus quality) actually exist, but
has also shown the important complementarity betwpmactive and reactive
management. Therefore, reactive management can haymositive impact if
flexibility types are used to move the productioystem quickly, smoothly and
cheaply from one state to another.

FLEXIBILITY AS THE CENTRAL ELEMENT OF ROBUST PRODUCT ION SYSTEMS

Robustness is commonly mistaken for redundanciesask-resource allocation.
However, from a strategic perspective, control xifidity and buffering are
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complementary ways of dealing with the same probleariation. Together they

comprise the set of strategies, capabilities arghaéies that build organizational
robustness and, therefore, must be rationally tsexlipport proactive and reactive
management during the project life cycle. Desphe tmajor developments in

industrial management, most research studies halyeexamined superficially the

mechanisms behind their inter-relationships, esplgciwhen used in different

organizational structures. Nevertheless, a comiparatinalysis indicates the

importance of carefully applying them accordingthe conditions because each
handles variation in a different manner:

« Control (action): practices and strategies thamtifie and influence the
occurrence of events with the objective of prewatyi reducing their effects
on the system;

» Flexibility (reaction): capabilities that quicklydapt the system in response to
the effects of changes, without inflicting damagg@toduction goals;

» Buffering (conformation): redundancies that allote tsystem’s structural
arrangement to accommodate disturbances and wariati

In manufacturing, Corréa and Slack (1994) foundlence of a hierarchic application
in which control mechanisms are used as “filtehsit trestrict the amount of changes
to be dealt by the production system. Standardjdmgusing, advertising/promoting,
and monitoring are amongst the event control-rdlatenagerial actions (e.g., Corréa
and Gianesi 1994). Some changes and their effeatgass through the “filters” are
managed by flexibility types within the system. Hawer, Slack (1987) mentions that
the control schemes are incapable of dealing withasiables and that flexibility is
preferably avoided by companies due to its highettgpment costs. Consequently,
buffers are used to handle the rest of the vanataue to their broader applicability.
In summary, the three constituents of organizationaustness comprise the layers of
strategies, capabilities and capacities that sty@temic stability by reducing the
number of events that cause dynamics and the nearities within the dynamics.

Regarding the construction sector, it is well-knatvat the development of tools
and practices for production planning and conteolthie most studied topic (e.g.,
Ballard and Howell 1997, Alarcén et al. 2005). Adzhally, buffers are widely used
to help achieve systemic stability. In fact, sel/etadies (e.g., Sakamoto et. al., 2002;
e.g., Nielsen and Thomassen, 2004) have shown ropeipsizing and location of
buffers to positively impact on project performand&ut there has also been a
growing interest in the implementation of differeppes of flexibility within project
production systems (e.g., Martucci and Fabricio8l¥bert and Roman 2006).

While studying the requirements for creating aesysflexibility type at the level
of operations, Miranda Filho (2008) found that raskilled work teams supported by
enablers of vertical and lateral relations possebable and timely information for
control purposes and therefore do not need seliagmed tasks and slack resources
within their work packages. This allowed projectrmagers to remove redundancies
from those individual trades without risking underffermance. The time removed
from the work teams was used to form the projeétebuComplementarily, because
of the high workload and optimal design of the teafeeding buffers needed to be
deployed in front of their work packages in thetical chain. Thus, the study
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confirmed that a system flexibility type requirée support of control mechanisms in
order to be effective. Furthermore, the study gjipnindicated that flexible
competences within the production system shouldegbuffer management.

The discussion above suggests that an adequatgsianaf robustness in both
manufacturing and construction must encompass Lheetways of handling
variations, as they are crucial elements to bodagtive and reactive management.
Furthermore, flexibility appears to be the strategilement of organizational
robustness that guides the development of comebbaffers types (Figure 1).
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Figure 1: Variation Management as a Balance betwetion, Reaction and
Conformation.

FLEXIBILITY AS THE ABILITY TO ADAPT INSIDE A SET OF PREDETERMINED STATES

The need to distinguish simple buffering from fleikty is primordial to
understanding the strategic nature of the lattehil&firms may not be able to
prevent all problem-causing variations, they caarigo recover from some of them
with little, if any, harm to performance. Therefofiexibility is commonly defined as
the ability to respond effectively and efficientlg changing circumstances (e.g.,
Schmenner and Tatikonda 2005). It is a strategidadportant attribute for a firm
competing in a marketplace with given variationgypFor this reason, Sanchez and
Pérez (2005) mention that a comprehensive vievm@foroduction function calls for
distinguishing flexibility in three ways: (1) basftexibility types or flexibility of
individual resources (flexible competences); (2)stesn flexibility types or
composites of the basic flexibility types at theoguction system level (flexible
competences); and (3) aggregate flexibility typesflexibility of the production
system as a whole (flexible capabilities).

According to Zhang et al. (2006), a flexible protlan competence, which
includes machine, labor, material handling, andinguflexibilities, is a key internal
dimension of competition that is invisible to castrs. Differently, a flexible
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production capability, such as product, volumejveey and mix flexibilities, is an
external dimension of competition that is perceiveead valued by costumers.
Therefore, it has an impact on the relationshipgh wustomers. Both dimensions are
interrelated because flexible competences suppersystem’s flexible capabilities.

As for buffering practices, in this paper bufferse aunderstood as resource
cushions, i.e., money, time, materials, space, aged to protect processes against
variation and resource starvation (e.g., Alves @odimelein 2004). Alves et al.
(2006) mention the importance of acknowledging #fgect of variation in the
definition of buffer profiles, which can be des@&tbin terms of type, place and size.
In highly uncertain and variable conditions, likeject production in the architecture,
engineering and construction industry, buffers haveole to play in absorbing
unexpected changes in customer orders, problenhsdefective products, variations
in production with long lead times, and problemshwnaterial shortages. Buffers
help to keep certain dynamics from pushing to thet Ithe closest currently active
constraints in the subsystems. Hence, buffers cdst at the worker, team and
project levels and can take many forms includimyentory (materials), work-in-
process (subassemblies), time (deliberate and amtiohal delays), and excess
capacity (labor and equipment).

The distinction between flexible competences anffebng is a prerequisite to
understanding how they impact on aggregate flawlflexible capabilities). First of
all, both types of initiatives may originate froraelitberate strategies. However, basic
and system flexibility types do not come without@st because structural changes
are required to create the competences necesseggpond efficiently to variations.
Differently, buffering may appear to be an eas@utson, but it does not contribute
to the overall efficiency. Hence, although both @epis can support customer
satisfaction, only flexible competences allow ib®achieved efficiently.

The failure to distinguish the concepts can oftedlto misunderstandings. For
instance, Corréa and Gianesi (1994) have mentighat the more flexible the
production system the more difficult it is to maiimt consistency in terms of cycle
time and quality. This affirmation does not spedifat, in such cases, aggregate
flexibility is being more supported by redundandiean by flexible competences. In
other words, it makes no clarification or simplyniges the fact that excessive
buffering may be the cause of poor performance.

Because of the above reasons, it is a conceptuainuéerstanding to describe
flexibility as a response to unexpected changesth@ncontrary, flexibility is the
adaptation of a particular system inside a setrefig¢termined states. Therefore, this
paper proposes that systemic efficiency dependsmiing the number and degree of
variations the subsystems endure and on makingstifuetural arrangements that
originate the flexible competences to match thengha. Exposing the subsystems to
a wider set of states than what was originallyided implies allocating to them
buffer types to absorb different variation typehisT in turn, jeopardizes the
performance goals just as much as not placing tifiierds would too. Consequently,
flexibility types need to be complemented with eohtmechanisms in order to keep
subsystems within a deliberate set of stalés most imperative thing thahould be
kept in mind is that a firm is flexible in adapting variation part because it is
proactive in controlling it.
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More research along this line is required becausan bring clarifications to the
goals of waste reduction and value generation @jept production. The flexible
production competences and capabilities within potidn systems are intrinsically
linked to the achievement of such goals, since #iugress both production situations
and variations in customer requirements (Figurd=@Xxibility combined with control
is what makes it possible to be effective whilengegfficient.
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Figure 2: Effectiveness and Efficiency Resultingnfrthe Enhanced Flexibility in
Project Production.

FLEXIBILITY AS THE RESULT OF SYSTEMIC INTEGRALITY

In manufacturing, Slack (1987) observed that mosnagers focused more on
flexibility as it applied to the individual reso@s of manufacture as opposed to the
flexibility of the production system as a whole. gogitely, in the construction
industry the focus has been on aggregate rather ahabasic or system flexibility
types. Among the causes are centralized decisidinga poor organizational
integration and changes in customer orders. Comeslyy aggregate flexibility types
(flexible capabilities) have been mostly achievabuigh buffering. Therefore, the
development of system flexibility types (flexibl@ropetences) that contribute to
efficiency and effectiveness within project prodaiet systems remains lacking a
comprehensive perspective.

Nevertheless, research and experiments conductedaonifacturing firms have
provided insights into the factors behind the erarog of system flexibility types.
As mentioned before, a flexible production compe¢edoes not come without a cost.
It is important to acknowledge the combined enabler procedures, policies,
resources, design decisions and other factorsniafie possible the development of
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flexible production competences and other intesoalrces of competitive advantage.
According to Slack (1987), flexible technology cante totally effective without
flexible labour and vice versa. Neither can be aife without a set of procedures,
systems and controls which are themselves capdldeping with the flexibility of
the physical processes.

The critical role of enablers can be exemplifiedckyl production, which is often
categorized as a system flexibility type. Cell proiibn is an application of group
technology. Hyer and Brown (1999) describe groughmelogy as an alternative
method of organization to work structuring based pyncess specialization. As
discussed by Burbidge (1996), the essential stgpanp technology is to plan a total
division into groups and families, in which eaclogs completes all the parts it
makes. Evidently, the flexibility of the equipmesd bandwidth of worker skills
determine the range and sets of parts that canade oy the same group. The author
adds that this step is followed by changes needédstall the groups and get them
running, such as plant layout, changes in operanypayment systems, manning of
groups, and training. This example highlights thlessantial number of arrangements
needed to create system design features that suppmremergence of a system
flexibility type.

Moreover, research studies have found that, dedgierences in the content of
strategies and design, production systems shaoenanon aspect when it comes to
flexible competences. This aspect, however, cany dm¢ perceived if the
understanding of flexibility development is extedd®eyond issues of structural and
infrastructural decisions.

Under the new production paradigm, the productimiesns are being founded on
an integrative discipline that has yet to be fulhderstood. Many forms of proximity
have long been considered primordial for productystems to develop different
kinds of flexibility against different kinds of vations (e.g., Buiar 2000, Schmenner
and Tatikonda 2005). Hence, the existence of ermpl®moting proximity between
participants, tools and tasks is the common adpeltind the emergence of flexible
competences within production systems.

Because proximity can take many forms, it is, tfeee the result of strategic,
tactical and operational level decisions. In thigpgr, proximity in multiple
dimensions is called integrality.

Research on cell production has also provided ecelef integrality supporting
the emergence of a system flexibility type. Accogdto Hyer and Brown (1999), the
real manufacturing cells are characterized by mibi@n just the dedication of
resources to a family of parts which have similaocpssing requirements. The
authors mentioned the proximity between the workergerms of know-how and
work standards. Furthermore, the authors obserted the discipline of cell
production also involves the creation of a workmlhere required tasks and those
who perform them are closely connected in termsiroé, space and information.
Although it is not clearly stated, the authors grume the production cells as integral
subsystems requiring proximity between the paritiiy entities. They believe the
time, space and information linkages among peopk tasks to be the common
denominators that distinguish cells from other nfiacturing constructs.

The positive impacts of integrality have been gedigugaining recognition inside
the construction industry. Although formal integoatbetween value chain activities
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is out of question in a highly fragmented industirteraction and trust issues in
cooperative networks have increased the awarenkshieoneed for strategies
promoting, as much as possible, the proximity betwproject participants in terms
of culture, organization, technology, and geograpByeater proximity in these
dimensions is perceived to improve the quality @htionships among participants
during project execution. As argued by Santos et(2002), pull production,

anticipation of problems and workflow stability araproved when team members
work closer to one another and complete a largeofselosely affiliated subsequent
and adjacent tasks.

The creation of such working conditions is advodat®y lean construction
practitioners and academics as crucial to increatsia probability of project success.
This indicates that lean construction is well adidrwith the notion of integrality. As
a matter of fact, some lean practices enhance rnteconnections between site
personnel and tasks (e.g., Visual Management, %&), a@mproving response
flexibility. At the same time, other lean practicgeek influence over upstream factors
(e.g., Last Planner System, Kanban, etc.), redutiagmount of variations the work
teams have to endure. Thus, production strateg@gies and practices founded on
lean principles can become enablers of flexibitigpes within project production
systems. In other words, construction firms takimg path towards lean construction
are also taking steps towards the developmenegritile production competences.

CONCLUSIONS

In construction projects, the development of systBexibility types becomes
increasingly important as the focus shifts from agement-as-planning to
management-as-organizing. Under the new paradigm,development of system
flexibility types is seen as a way to reduce trdfdeloetween competitive criteria and
thereby achieve project goals. However, the remergs for creating a system
flexibility type at the level of operations and havaffects control and buffer types in
the project production system still lack a compretiee understanding. Moreover,
due to the newness of the subject, research thabioes strategic choices in
production strategy with theoretical frameworksutaderstand the achievement of
particular flexibility types is still an emergingea in project production.

In order to understand the production system defgigtures that support flexible
production competences, this paper distinguishesctimcept of flexibility from the
concepts of control and buffering. It is proposkdttthe three concepts should be
seen as the pillars of organizational robustnegh, flexibility being the central pillar
around which control and buffers are developed.sTétudy argues that system
flexibility types supported by control types redube need for self-contained tasks
and slack resources within work packages. Consdigueitexible competences
within the production system should guide buffemagement. These ideas highlight
the importance of paying more attention to infrastinral decisions when developing
project production systems because of their toprdeffect over structural decisions
regarding the definition of resource capacity altmtation of buffers.

In fact, the exploratory literature review clardi¢hat true system flexibility types
arise from adjustments between strategic choiaggnzational policies, production
practices and management style. It showed thasgstgm flexibility type is by itself
a multidimensional concept, requiring various eagbto be effective.
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The research also indicates integrality as the ds@pline behind the emergence
of flexible production competences. Proximity inltiple dimensions has long been
considered primordial for production systems toediew different kinds of flexibility.

Furthermore, the finding that lean constructionvedl aligned with the notion of
integrality helps to explain the positive impactslaninor tradeoffs caused by lean
practices in civil construction. As observed, sugnactices enhance the
interconnections between site personnel and tagkg at the same time permitting
influence over upstream factors. This shows the leractices can become enablers
of flexible production competences and thereforednt® be carefully combined with
strategic choices that support proximity in othienehsions.

Further researcts neededo confirm and expand this understanding of flexibility
development.Future studies in lean construction could addréms dubjects of
integrality and flexibility, because both are funtental to the issue of systemic
stability.
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