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DECISION-MAKING ACROSS LEVELS, TIME AND
SPACE: EXPLORING THEORIES, METHODS AND
PRACTICES

Paul W Chan

School of Mechanical, Aerospace and Civil EnginggriJniversity of Manchester, Pariser Building
(E17), Sackville Street, Manchester M60 1QD, UK

CONTEXT OF THE WORKSHOP

Decision-making is integral in virtually every aspef our personal, social and
working lives. Indeed, we make decisions every adether at an individual level or
collectively in the organisations that we work mimteract with. It is therefore not
surprising to find a wealth of literature coverwvayious aspects of how decision-
making takes place in an organisational contex¢ [bhg-standing interest in
researching the nature of decision-making probehtes back to the post-war era.
Simon (1959), for example, reviewed developmentbha@theories of decision-making
as he explored the intersections between the diisaip traditions of economics and
psychology when theorising about decision-makingcdkding to Simon (1959), the
law of maximising economic utility as tilstne qua norfor any decision-making
exercise is confronted by the psychological chakeaf satisfying human
motivations. Interestingly, he alluded then to an$ of power and bargaining and
game theoretical positions to demonstrate thatsa®eeimaking in business
organisations is far from being rationalistic ahdttchoices are rarely binary, as he
suggested that the understanding of probabilitiesexpectations is crucial in
determining the effects of decision-making.

Indeed, a fundamental theme associated with decmigking relates to uncertainty.
For Pfefferet al. (1976), the degree of uncertainty influences thg im which social
structures deployed for allocation of rewards asburces, which are of primary
concern to any organisational decision-making mecakerlof (1970), in his seminal
paper on ‘The market for “Lemons™, also referreduncertainty of the quality of
information — which he termed as asymmetrical imfation — and how this influences
the decisions made. Huber and McDaniel (1986) aldfoat the principles of
decision-making should drive the design of orgaiosal structures if organisations
were to respond effectively to uncertainties ofeélkeernal environment, whereas
Duncan (1973) suggested that decision-making strestare in fact malleable as they
adapt to environmental uncertainty. Others (e.¢figfew, 1973, and; Eisendhardt and
Bourgeois, 1988) have focussed their attentionaw the political behaviours of
actors internal to the organisation can influemeedecision-making process. Van de
ven and Delbecq (1974) looked at group decisioninga&s they identified the
efficacy of different ways of getting people fronvariety of backgrounds to come
together to make effective decisions.

What makes a good decision is also subject to deredble debate. Early economists
have framed this outcome as expected utility. Eaclynomic explanations have
attempted to simplify the outcomes of decisiong/ihat is termed as expected utility,
where decision-makers often make rational decidi@t&een clear and discrete
alternatives with some level of expectation on fmsutcomes. Others have
guestioned such formulaic treatment of decisioningglespecially given the risks
associated with uncertainty. Kahneman and Tver$8y9) proposed an alternative
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prospect theory to analyse decisions in risky emvirents, whilst Prelec and
Loewenstein (1991) argued that an added level wipbexity relates to making
decisions over time. Bell (1985) discusses disagpwent and regret when intended
outcomes of decision-making are not met. In thed$9&ith the advent of computer-
aided tools, researchers have been concernedheitbffects of technology on
organisational design and decision-making (seeHuber, 1990).

Notwithstanding the vast amount of work alreadyedonthe field of decision-making
research, the construction industry presents gefepportunity to apply fresh
theoretical and empirical insights as to how theglex landscape of stakeholders
involved in designing, constructing, using and ngang the built environment make
decisions. This is especially pertinent given corgerary concerns with reference to
delivering economic, social and environmental digie@ns of creating a sustainable
future for industry and society. Furthermore, maahy research tended to treat the
analysis of organisational decision-making asig tlappens within a single, coherent
entity of an organisation. Thus, there is scopeef@mining interorganisational
relations that are so important in studying howmake decisions in the world of
construction. Therefore, the focus of this researalkshop is on the theories,
methods and practices of decision-making associaithcthe construction industry.
Without doubt, concepts of conflicts and trade-gffiswer relations, risk and
uncertainty, and information and knowledge managewél be mobilised in the
discussions that will develop in the workshop. Ehdénensions are of particular
interest here, including the notions of decisiorkimg across levels, time and space:

- Across levelshow do we make sense of decision-making procebsgdake place
across the various layers of stakeholders? Howedasibns made by policy-makers
in the government and local authority shape thastets made by design and
construction companies and vice versa? How carsides made at the individual
level (e.g. end-users) inform decisions made byptioéessionals and vice versa that
goes beyond current practices of user consultattdo® are decisions made and
enacted, and how do these connect between indivaduh collective levels? How
do we distinguish between the levels anyway?

- Across time one explanation as to why we have to make dewsis because of
incomplete information. Yet, the quality of decissomade depends on the quality of
information, and the knowledge of the decision-mgRe at a particular point in
time. So, how do decision-makers gather the nepessformation, especially
information relating to future technologies and isemiltural and behavioural
trends? How do decision-makers exercise trade-offseconomic, social and
environmental concerns when they take a long-taew¥ Are there trade-off issues
that have not been thought of at the point of n@kiacisions? How do decision-
makers individually and collectively become awafehese issues? Also, how do
decision-making for the future that is made in pinesent account for the legacy of
the past? How do we set boundaries regarding i fiames?

- Across space how can we capture the inter-organisational antkrisectoral
dynamics that typify the way we make decisions alsustainability in practice?
For example, decisions made regarding the desidrcanstruction of buildings are
often influenced by, and impact upon, decisions eniadthe area of transport. So,
how do decisions made in one sphere of influenfmrimand shape decisions made
in another? Also, how are decisions made betweersigdl and virtual space?
Where are the intersections? And what are the poelations that need to be
scrutinised?
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THE PAPERS

The call for participation attracted seven confiidns, which are included in this set
of proceedings. Hindmarch, Gale and Harrison dstins development of a tool that
can help project participants manage the messasssxiated with design changes in
construction, with a view to facilitate effectiveasion-making. Volker, through three
case studies in the Netherlands, argues that dasisnade about the selection of
architect tend to follow an intuitive process. allsuggests that this is in tension
with more rationalistic prescriptions of procurerkw in the Netherlands.

Manu, Ankrah, Proverbs and Suresh explain the itapoe of integrating the
expertise of the construction team at design datisiaking so that matters relating to
health and safety could be considered at the oatsety construction project. Awe,
Stephenson and Griffiths also suggest the neeoifted-up thinking across various
stakeholders to secure future skills capacitylierNligerian construction industry.
Shabhrin, Johansen, Lockley and Udeaja focus teeatainh on building information
modelling (BIM) as a tool that can help build elmviment professionals make
appropriate decisions based on effectively capgtianslating and ultimately
delivering on customer requirements.

In the final two papers, Chen and Taroun discussetihhodological considerations in
structuring the application of decision-making. Gladescribes the use of Analytic
Network Process (ANP) as a way for decision-mat@essess multiple perspectives
according to the STEEP (Social, Technological, Emmunental, Economic and
Political) framework. Through a single case studlygen demonstrates how ANP
could be effectively mobilised to define optiongrfr which decision-makers can
make a rational selection. Taroun criticigger alia analytic hierarchical process of
defining decision options, as he claimed that sdtalders in the industry often grapple
with uncertain and incomplete information. He pregd the use of evidential
reasoning methodology based on Dempster-Shafentlasa plausible alternative to
integrate practitioners’ intuition and experiendghim the decision-making process.

PULLING THE STRANDS

Three key themes seem to emerge from the papdusiatthere. Firstly, the
contributors reinforce the recurrent themes of asl uncertainty identified in the
mainstream literature on decision-making. Howesigk, and uncertainty associated
with decision-making in the construction industrg axacerbated in part by the
dispersed nature of stakeholders involved andrtee-temporal complexities of the
design and construction process. A broader vieth@inter-organisational relations
that matter in how decisions in the constructiadustry are made over time (see e.g.
Manu and colleagues, and Awe and colleagues),lasaé¢eds to go beyond
conventional perspectives of bounded rationaligt thas driven much early research
in decision-making.

Secondly, there is often a tension between intuiéind experience on the one hand
and rational prescriptions on the other (see V9lkeseems that a major concern with
many construction management researchers is thatsp of defining a structured
approach to decision-making. Whilst the fuzzinegsrofessional judgement is
acknowledged, there is often a desire towards ttierimg of decision-making in
formulaic terms. The question remains as to thegae of such formal endeavours;
should decision-making be framed in such ratioeahst or is this a sign of the
discomfort among those making sense of decision#mgak the field?
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Thirdly, tools and methods seem to matter a lag ttlear in some of the papers
presented here (see Hindmarch and colleagues, Stz colleagues, Chen and
Taroun) that the researchers place a positive \@iueols and methods in affording
better decisions in the delivery of constructioajgcts. Yet, there is much scope to
research how these devices are being used in @aatid how efficacy of such tools
and methods are being determined through the ragguotiof power relations in
construction. Perhaps the field of construction aggament is still a long way away
from uniting perspectives of decision-making acresels, time and space.
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A PROPOSED CONSTRUCTION DESIGN CHANGE
MANAGEMENT TOOL TO AID IN MAKING
INFORMED DESIGN DECISIONS

H.Hindmarch !, A.W.Gale' and R.Harrison?

! Department of Mechanical, Aerospace and Civil Ergiing, University of Manchester, PO Box 88,
Manchester, M60 1QD

2 Arup, St James’s Buildings, Oxford Street, Mantgre®1 6EL

Current practice shows that construction desigmgbhananagement (CDCM) relies
heavily on the experience of practitioners to assles impact of proposed design
changes. This UK government and industry (Arupldied research is concerned with
mitigating the risk associated with a practitionsking a judgment disproportionate
to the true impact of a design change. Severagjdasanagement tools and
techniques have been reviewed (including the AralDesign Planning Technique
(ADePT) and the ‘last planner’ methodology) andgaesiions have been made on
how they can be adapted to apply to change manademAeCDCM model has been
proposed as a possible solution, enabling pracét®to make an informed decision
regarding the true impact of a proposed change CIMéM model incorporates a
Design Structure Matrix (DSM) and process map ggi@r to create a checklist of
rework; it also records the reason for deviatioé true impact is different to the
assessed impact. The cost, resource, deviatidireason for deviation are stored in
a database and are available when a similar chamgquired on a similar project,
allowing compensation to be applied to the prediatepact.

Keywords: design change management, decision-making, ‘lasinglr’, impact
assessment, risk.

INTRODUCTION

All projects can be represented by the project mameent triangle where, scope, cost
and time are the project constraints representezhoh corner. In all projects scope,
time and cost are connected. Likewise, when agdediange occurs there is a change
to the scope of the project and therefore it iessary to change the project cost
and/or duration. When referring to the impacthaf tlesign change it is this change to
the project cost and/or duration, which needs todyesidered. In order to calculate
the additional project cost it is necessary to ktlogvadditional resource needed to
complete the rework or redesign. This researclsidens the deviation between the
predicted impact of a change and the true impaot @design change has been
implemented,; this deviation is in terms of cosso@ce and time.

Design changes during the detailed design phasebuilt environment project,
usually have a negative impact on the design progre, in terms of additional
resource, cost and project duration. Since dasigarative in nature, the
consequences of a change can rattle through vagimgiseering disciplines, making
the impact difficult to predict. Current practie@thin the project sponsor
organisation, shows that project teams calculaestfect of a design change on the
programme, using their experience of similar chardyging previous projects. There

! helen.hindmarch-2@postgrad.manchester.ac.uk
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is a risk in relying solely on a practitioner’s kmedge, in that they could make an
inaccurate assessment or they may leave the bashessilting in a reduction in
specialist decision-making expertise. This risinigeased when decisions are made
across multidiscipline teams, which are not codeda

A number of design management models (DMM) andriegles have been reviewed
such as the Analytical Design Planning TechniquBegRT) (Austin 1999(a); Austin
1999(b); Austin 1999(c)) and the ‘last planner’ huetology (Ballard 1998; Choo
1999; Ballard 2000; Choo 2003)). The authors o plaper suggest what can be done
to adapt these tools/techniques in order to addtesmsge management. A CDCM
model is put forward as a possible solution. Taasild support practitioners in

making informed decisions with respect to the tmpact of proposed changes.

PROBLEMS IN CDCM

Many practitioners believe construction designas managed effectively using
protocols documenting change requests. Howevier, @eper interrogation of such
protocols it is evident that within each protognlprder to aid the decision on
whether to implement a change, an assessment ohgaet, in terms of resource and
cost, is required. After gathering data from irtdgspecialists in an international
design consultancy, it is evident that various geots are used depending upon the
project managers preference. There are two tfaiskofor any design change, each
discipline team leader is asked to assess the ingp#te change for their discipline.
The first tier of risk occurs when the team leadiecides which team members to
consult. These team members are then asked hgwihde impacted by the
change. The second tier of risk occurs when tae teiember assesses the impact
based upon their experience.

Some practitioners believe that on projects wheaens are co-located, it may be
acceptable to use experience to assess the impachange. However, in projects,
which are complex in nature, where multidisciplynaxpertise is drawn from non co-
located project teams, the decision-making is nddfeult since it is necessary to
determine how other disciplines will be affected.

An accurate impact assessment of a proposed desagiye is essential; to enable an
informed decision of whether it is worth implemegtithe change, to maximise
efficiency in the design process and to preventrowms. This research is concerned
with mitigating the risk associated with a praotiger making a judgment
disproportionate to the true impact of a desigmgea A CDCM tool is to be
developed to aid design practitioners in assedbimgmpact of a change and to record
the impact of changes for future reference.

The next section of this paper is a literatureeevsummary of current design
management tools, which can be adapted and devktoaldress the problem of
solely using a practitioner’s experience in assgsdesign changes.

A REVIEW OF SOME DMM

In 1965 Donald V Steward (Steward 1981) developeddesign Structure Matrix
(DSM), a matrix representation of a process. Th#&imcan be reordered and
interrogated to find the optimum order of carrymg tasks, through eliminating the
amount of rework. Design tasks are carried otihénorder they are listed in the
matrix and are listed both down the left hand sidd along the top of a matrix. Each
marker in the matrix determines the relationshipmeen two tasks, the task on the
left of the marker is dependant upon informatiamirthe task above the marker. Any
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marker under the diagonal is reliant only on tasksch have already been

completed. Whereas, a marker above the diagopedgents design iterations, where
the information/data required is initially estimaéteThe need to estimate and carry out
design iterations can be reduced through reordéhnimgnatrix, hence changing the
order in which tasks are carried out. When reandethe matrix, the aim is to
eliminate the markers above the diagonal, if this ot be done; it is optimum to
cluster the markers into groups as close to thgotial as possible; this is called
partitioning.

The DSM was incorporated into the Analytical DesRjanning Technique (ADePT)
during the late 1990s. Austat al (Austin 1999(a); Austin 1999(b); Austin 1999(c))
identified that design is an iterative process m@ogi assumptions and rework until a
suitable solution has been developed. Previowsanktanalysis planning techniques
(e.g. traditional programmes, made up of bar chddshot account for the iterative
nature of design and monitor progress based uppodmmpletion of design
deliverables. ADePT uses a DSM to identify theinfation required to carryout a
task, the availability of this information is theronitored to facilitate more effective
planning and management of building design.

ADePT management have recently used ADePT to a#segspact of design
changes, through manipulating the DSM, on a comialgvooject (Paul Waskett,
ADePT Management Ltd, personal communication, Gat@) 2009). After
identifying a task that requires re-evaluation lseaof an imposed design change, it
IS necessary to move that task to a future penable schedule. This means moving
the task down the matrix until it is below the taskrently being completed. Once
the task is in place, it is necessary to idenfigny other tasks require rework by
checking if the task has any dependencies in tperugiagonal. If other tasks require
rework, they must also be moved down the matrilke process is only complete once
all rework is identified and there are no more ahef@mcies in the upper diagonal (or
the dependencies have been partitioned).

At a similar time to Austiret al developing ADePT, Choet al (Choo 1999)
developed the WorkPlan database program to aidveldping weekly work plans
adopting the last planner methodology. The teast‘planner’ refers to the individual
or group of people who decide what tasks are tceloeed out on a day-to-day basis.
Traditionally the last planner will allocate workreer based on “project schedule” or
“whatever is generating the most heat”(Ballard 2000hooet al (Choo 1999)
explains that, traditionally programme schedulespaoduced by a project manager
who may not have a clear understanding of the wwbe performed. For example,
they may be unaware of what the constraints at@task and whether the resources
required to carry out the task are available ar¢logiired time. This traditional
schedule identifies what task SHOULD be done avergtime, in order to satisfy the
project objectives. The Last Planner System (L4it8poses that the last planner also
executes a schedule; their schedule should ta@eadount both what the
management believe SHOULD be done and combinevitiiswhat physically CAN

be done. The last planners schedule representsWibh& be done. Ballard and
Howell (Ballard 1998) suggest that the last plarsteuld carry out this schedule on a
weekly basis using a weekly work plan.

HOW CAN THE DMM BE ADAPTED TO ADDRESS CDCM?

Current practice within the sponsor company shdwstost common method used
for design planning continues to be the traditigeraject programme, usually using



Hindmarch, Gale and Harrison

MS Project or Primavera, software packages. Appglgections of ADePT in the
reverse order will allow a traditional project pragime to be converted into a DSM.
Once a design change is proposed, this DSM cardpgniated as suggested by
ADePT management to reorder the matrix and deteraichecklist of design tasks,
which require rework. This checklist can then bewerted into an IDEFOv process
map, which will allow the practitioners assessing impact of a change to visualise
the required rework.

The last planner philosophy applies to project piag; a similar philosophy can be
used to analyse the impact of a change. Through@uteport, the authors will refer
to this as the ‘last practitioner’ philosophy. Tieem last practitioner refers to the
person or people asked to assess how a given chalhgéfect them. The ‘last
practitioner’ is aware of the physical constraimtscarrying out the tasks; they can
assess what physically CAN be done in addition hatvthe change dictates SHOULD
be done. The ‘last practitioner’ can make a mofermed impact assessment than
someone higher in the hierarchal tree (for exarageoject manager) since the ‘last
practitioner’ is aware of the physical constramita task. Current practice within the
sponsor company, uses this last practitioner pbylbg, where the ‘team member
assesses impact based upon experience’. The pa@i3CM model is concerned
with supplying the ‘last practitioner’ with as muttiormation as possible to allow
them to make an informed decision and hence miigdhe risk associated with the
practitioner making a judgment disproportionat¢hi® true impact of the design
change.

The ‘last planner’ philosophy uses ‘Percentage Blamplete’ (PPC) and reasons to
track the percentage of assignments completedcimwaekly work plan (Ballard
2000). This can be adapted for tracking the de@an assumed impact in terms
cost/time/resource compared to the actual impaataifange. The reasons for any
deviance can be recorded and feedback given ttadtgractitioners’. This deviance
can also be stored in a database, so that compmnsah be given for future changes
on similar projects.

PROPOSED CDCM MODEL

The important factors in proposing a CDCM modehat it is of benefit to the
practitioner who will use it. It is not possibleeliminate the risk of incorrect impact
assessments being made. However, it is possilsiepioly those practitioners with as
much data as possible, to enable them to make @ guided impact assessment;
using both a checklist created from a DSM analgkibe current programme and a
database of previous changes on similar jobs.

Figure 1, represents the proposed CDCM in visual form; skistion summarises the
model by describing each element of the modelrin. tu
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Requires human input/ already
PROGRAMME D carried out in some form
Traditional MS Project Use ADePT D Requires some human input/
Schedule generic model new work
1 to determine
detailed list of )
subtasks, E Automated/ computerised
retaining
dependencies 4
CREATE DESIGN | I Change request
STUCTURE MATRIX \
2
DSM ANALYSIS PROCESS MAP
IMPACT ASSESSMENT
Identify rework Display dependencies ___a,
dependencies between tasks as a AND Last practitioner
Check List of: process map, to help assess impact, based
- Tasks ractitioners to 8 upon process map and
CHANGE People \Fl’isualise the impact data from previous
REQUEST!!! - Disciplines 3 of the change 5 projects 9

Search
database for

similar changes DECISION TO

on similar 7 IMPLEMENT
USER INTERFACE projects DECISION NOT TO
é IMPLEMENT
To identify: ] o P
- Type of change ¥ - Update -
Type of project with reason 12
At least one task
which requires DATABASE
rework 6 .
Duration CHANGE IMPLEMENTED
Cost YES
Resource - Authorise work to go ahead
Type of project P - Carryout PPC analysis »
Deviance < - What is the deviance? -
Reason for deviance - Reason for deviance?
13 - Update database 1

Figure 1: Proposed CDCM model

The first stage of the CDCM model is to take therent project programme and
convert it into a DSM. Once a change has beerestqd and some project
characteristics have been inputted into the userfate, DSM analysis can be carried
out to identify a list of tasks requiring reworR generic model will be used to split
the list of tasks into a more detailed list of sdhis. The list of subtasks will be
converted into a process map, allowing the lasttfiir@ner to visualise the rework
process, when making the impact assessment. $thprketitioner is also supplied
with historic data of similar changes on similaojpcts, from the database, to enable a
more informed impact assessment to be made. Wisetdligcipline leader has collated
the impact assessments from each affected laditfmaer a decision on whether to
implement the change is made (this decision mag aeéorisation from the client
etc.). Once the decision is made, the last pracéts are informed whether to
implement the change. If the change is not impldet the reason is recorded in the
database. If the change is implemented, PPC asaysarried out; recording any
deviance between the expected and actual costraadd carry out the rework, the
reason for any deviance is also recorded in thaebdae.

CONCLUSIONS

In construction design, no single protocol is usethanage design changes. Very
little is known about the consequence of desigmghsa. Currently design
practitioners use their experience to assess thaaton their specialist field. A
CDCM tool is required to help mitigate the risk@sated with a practitioner making
a judgment disproportionate to the true impact désign change.

The research carried out so far has clearly idedté need for the CDCM tool.

Various design management models have been reviemegduggestions have been
made regarding how they can be adapted in ordeglppevaluate change. A CDCM
model has been proposed, incorporating DSM anadygigporocess maps to create a
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checklist and visualisation of redesign tasks,dditon to creating a historical record
of the impact of a change for future referencee fdason for any deviance between
the real impact and the expected impact of a chengeeorded in a database and
recalled when a similar change on a similar prdjest been proposed.

The next stage of this research is to gain ‘buyriorm the practitioners who will be
using the CDCM tool. Once the practitioners hagelared they would use the tool,
production of the software model will begin.
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During the selection of an architect clients attetopnake decisions about the ‘best
architect for the job’. Argumentations concern xtonie of judgements about the
quality of the design, the capabilities of the dasr and the capacities of design firm
in question. In most cases procurement law applfgsh is based on the assumption
that decisions are based on a rational considerafizveighted selection and award
criteria. However, recent theories about decisiaking claim that, especially in the
case of ill structured problems and uncertain imi@tion, intuition is used over
analytic thinking. This paper argues that the aurieterpretation of procurement law
in the Netherlands conflicts with the actual irizgtand holistic way of decision
making of public clients during architect selecio&vidence from three empirical
cases with observations, interviews and documealysis is used to describe how
representatives of public clients make decisiorthénillusive context of architectural
design.

Keywords: decision making; experts; architecture; procurerationality

INTRODUCTION AND THEORETICAL BACKGROUND

The processes of a public client for the seleatiban architect has its roots in three
distinct systems of selection: 1) tendering fordlesign service, 2) the architectural
design competition, and 3) the selective searctidwntify a suitable designer (Strong,
1996). These roots cause potential conflicts duttiegorocess of decision makers of
public clients. Results of such conflicts becomeaenasible every day. In the
Netherlands disputes over rating points, a diffeeenf a tenth of a percent, and
calculations errors already led to several lawssogtween architects and public
clients (e.g. Lybaart, 2008). This paper focusetherorigin of decisions in the
elusive context of design and the seemingly ratistracture of procurement law.

If public clients in Europe want to award a contriacan architect they have to
comply with procurement law and its principles r@nisparency, objectivity, non
discrimination and equal information (Arrowsmitlya5). The legal requirement is
that services above the amount of €125.000 forakgbvernmental organisations
and €193.000 for non central government shoulebédred according to EU rules
and regulations. Most of the Dutch public commissig clients choose a restricted
tendering procedure to select the economically radgantageous offer for the
services of an architect. This means that a ctielgcts at least five candidates out of
all parties that showed interest in order to makeal decision about the firm they
want to award the contract to. The client has taliph the selection and award criteria
beforehand. If applicable, also the relative weigftthe criteria should be mentioned.
These kind of decision processes are based orsslen@tion that required
information is available to make rational decisicersd people weigh the pro’s and
con’s in order to choose the most optimal alteugatResearch on actual decision
making behaviour found that people do not makenmgdtsolutions but that they
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choose an option that satisfies them (Simon, 199&9ple tend to use heuristics
(general rules of thumb) to reduce the time andretb make reasonably judgements
and decisions (Tversky & Kahneman, 1974). For exantpe ‘availability heuristic’
describes how people choose the most frequently aisigon to apply on their
situation. This means that sometimes criteria atepplied exactly the same way as
they were announced. The criteria do become pdlrteoframe in which decisions are
made. In applying heuristics people tend to maktesyatic errors, called biases.
Most of the research done in this field focusesaalyzing these biases instead of
focusing on implications for practice (Beach & Coliy, 2005).

Competitions have a long history and play an imgodrtole in the field of
architecture. Designs can be considered as ilhddfproblems which require
expertise to be solved. Because tradition suggleatexperts are better at making
judgements about design quality than novices, istraompetitions a jury is
appointed to judge the quality of the submissidite area of Naturalistic Decision
Making (NDM) (e.g. Lipshitz, Klein, & Carroll, 200&sambok, 1997) studies how
professionals make decisions in real life situatiofith time pressure, incomplete or
unreliable information and ill-defined goals. Théseds off decisions are based on
(unconscious) recognition of patterns and cannaptained very easily to others
because of the intuitive character (Klein, 1993e®@ affect, mood and emotions play
a role. The third root of the selective searchefeuitable designer can be compared to
areas as human resource management and the camposiproject teams in the area
of organisational psychology. In these areas tlieakoontext of a decision maker is
very important. The image theory of Beach descrdeession making as an social act
in which the decision maker takes into accountopgons and preferences of other
people (Beach, 1990). This means that organisatlonst make decisions
themselves, but decisions are made by individuahb®gs of an organisation by the
use of three images: a set of values and beligégific goals and operational plans.
Research shows, among other things, that screehsigtable options seems more
important than the actual choice, that compatibditimages is linked to the number
of violations to the images (a violation threshady that the more members of an
organisation agree about the principles, the mueg agree about the appropriateness
of a plan (Beach & Connolly, 2005). Decision makaam therefore be considered as
a process of sense making rather than choice mé@&egck, 1995).

The combined roots of the current process of aechgelections raise conflict in
decision making processes of public clients. Thoesdlicts are partly related to the
fact that rational decision making procedures doahways reflect the way these
procedures are implemented in practice. They &stea to the fact that a public client
is in fact ‘a many headed monster’ as one of tbhitacts involved my research case
put it aptly. In Western societies rational(-istit®cisions appear to be more
acceptable and easier to defend than decisionsl loasthne intuition (Hogarth, 2005).
Experiences from practice show that a matrix whh ¢riteria is used to organize and
ground the final decision to meet common expeatatebout the rationality of
decisions. Most professionals in design disagreke this approach because they feel
too restricted in their judgement. They rely onitlepertise during judgement of
design quality instead of the preset criteria dewet! by the client (Schoén, 1991).
During their intuitive judgement they process thef@rences and requirements of
others to reach a decision that would find suppaorong the other stakeholder groups.
The level of professional experience and the comtipasof the group of decision
makers influence the process of decision makingnoincement of the decision
criteria does therefore not guarantee that a psowékfulfil the requirements of
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transparency, non discrimination and equal inforomatA matrix with segregated
judgements could reflect the final outcome of tkeision, but does not reflect the
actual process of decision making. Transparencyldhwt be interpreted as a
criterion to evaluate the final outcome, but marésconstruct the process of
sensemaking among decision makers and their stidakoln this paper the findings
of three tenders are reported on the issues o$idaanaking about the selection
process of a public client to find an architectrééthemes in decision making are
distinguished: the social context of the clieng kel of expertise of decision makers
and the role of intuition in decision processes.

RESEARCH METHODOLOGY

The case study method was chosen to account féa¢héhat the research field is
nascent, lacking both empirical studies and thedhat address processes of decision
making in this context. Building theory from casedses is a research strategy that
involves using one or more cases to create theatetbnstructs, propositions and/or
midrange theory from case-based empirical evid¢Bsenhardt, 1989) and that
typically answers research questions that addresg ‘and ‘why’ in unexplored
research areas particularly well (Edmondson & Mct¥ar2007). In this situation
cases were selected because of opportunities tmuahresearch access and
revelatory situations (Yin, 2009). Although Freedofinformation Act seems to
imply otherwise, gaining access to tender situatiomoved to be very difficult. Tender
situations appear to have a very sensitive andatelinature. Next to that it is hard to
trace clients preparing a tender before the offeouncement is made to trace their
motives. Within these limitations, and the avaiatime, three instrumental cases
were conducted in the context of a restricted tenderocedure: a School, a City
Hall, and a Provincial Government House. The cdfféeyed in the scope of the
assignment, the type of tender and the charactsrist the selection process. This
paper is based on the results of a cross casehdeanqgatterns across three cases.

A variety of data was collected for each case ltmafor triangulation between self-
report, observed behaviour and official justificat. In the School and Provincial
Government House case the observations and fomdah&ormation interviews were
the main source of information, while in the CitglHcase the documents and
interviews were most important. The cases wereyaadlas separate identities first
and then systematically compared on appearing earst The study was set up
according to the principles of Yin (2009) and St&k@95) in order to address the
potential shortcomings of using a case study methméeims of limited
generalisability, validity and reliability. The sestructured interviews were recorded
and transcribed. The coding and analysis of aludwnts was done in Atlas.ti by the
author and validated with the supervisory teanmhefresearch project. A more
detailed description of the analysis of the Citylldase can be found in Volker, De
Jonge, Lauche and Heintz (2008). The cases of¢hedband Provincial Government
House are described in Volker & Lauche (2008).

FINDINGS

The social context of a client

All cases show that the public character of a tlied to a lot of stakeholders to
involve in decision making. Because the built eawment is something generally
known and experienced by all kinds of people, &pla of ideas and opinions could
be found among the stakeholder with a differerdrabf interests and ambitions.
Table 1 describes the most important stakeholtatsiere somehow involved in the
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separate cases. Further analysis showed a distintagtween the role of decision
makers: as shareholders (with mainly financial lmement) or as stakeholders (with
practical involvement), as decision makers (acyiveVolved in the decision process)
as represented stakeholders (represented by athiées decision process), and as
decision maker with personal interests (with pevasponsibilities) or as decision
maker with professional interests (with officialwwork related responsibilities). Most
of the decision makers belonged to different staladr groups. The Provincial
Executives were for example employees of the pamyibut also part of the
representatives of the client body. Therefore there stakeholders and decision
makers at the same time with both professionalelsas personal interests.

Table 1:Overview of most important stakeholder(s) groyges)case

Stakeholder category

School with sports
facility

City Hall with library

Provincial
Government House

Commissioning client
body

Representatives of the
client body
Shareholders and
supervisors

Daily users

Non-daily users

Representative groups
of the users

Department of
Education

School Board,
Department of Sports
Common Exploitation
Company, Municipality

Teachers, Children

Parents, Neighbours

Representative
advisory body, Parents
council

City Council

Board of Mayor and
Aldermen

Province, Department
of Interior and
Kingdom Relations

Local government
servants and officials,
Employees of the
library

Citizens, Clients of t
library, Tourists, Shop
keepers in the city
centre, Neighbours
Employees council act

' Historical interest
groups, Political parties

Provincial Council (PS

Provincial Executives,
Queen’s commissioner
Department of Interior
and Kingdom Relations

Employees of the
province

nénhabitants of the
Province, Visitors,
Other companies in the
business park
Employees council act,
Biological or

5 environmental interest

groups, Political parties

Analysis of the observations during the selectiod award meetings showed that in
the City Hall case the decision makers differethiir interests between the user
needs, the integration in the context, the impaeaof financial means and political
aims of the project. During the School case diffiess in the scale of the interests, the
user levels, the input of means, the perspectivene, interests in the product and in
the process, kinds of responsibilities and needhfoovation were found. In the case
of the Provincial Government House the perceptiomsés, the level of creating
support, the responsibilities and the level of imement differed between the
stakeholders of the project. All together thistedhe following overview of pairs of
potential conflicting interests that should be @&s$ded during the selection process of
an architect (see Figure 1). The multiplicity ofgmnal, client relates, process related
and building relates issues makes it almost impéessd address them rationally
during the decision process. The use of intuitioabdées decision makers to take the
interests into account that appear to be relevaihieamoment in order to deal with the
interests of the different stakeholders. The follaysections show the role of
expertise and intuition in decision making processegpeople representing a public
client.
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Client related issues Building related issues
Short term  Long term Urban level Building level
Certainty Innovation Personal use Representatioatiion
Political support Existing policy Innovation  Furaniality
Permanent staff Political parties History Future
Exemplary function Accountability City heritage Benal remembrance

Personal interests  Professional interests

Project related issues Process related issues
Quality Time and money Decision responsibility  Ashiy rights
Construction Maintenance Supervisory function Cassioning body
Process partner Design partner Political support nt&d of decision
Primary budgets Secondary budgets Control Risks

Figure 1: Overview of decision issues in pairs of poterta@iflictive interests of
decision makers found in the cases

DECISION MAKING AND EXPERTISE

People experience the built environment as a dsidgy, but that does not
automatically mean that everybody is an expertéhitectural design. The same
applies for architect selections in the contextofopean legislation — most people
involved in the cases other than the consultants baen involved in a tender or
selection procedure before, but only a few seleatedrchitect by applying a
restricted tendering procedure. Analysis of theifigs in the cases displays different
kinds of expertise on several levels and from mlétperspectives. Expertise tends to
be domain and role specific: a civil rights lawgees not know much about tendering
regulations, an urban planner usually knows ottille labout climate design and a
director of a primary school does not know everyghabout the needs of teenagers in
secondary education. Expertise as decision makpereése about architecture and
expertise in tendering regulations seemed to be apparent during these architect
selections. The findings suggest that the persynafithe decision maker is important
for the degree in which one is aware of these idiffees in expertise and therefore
also the need for compensation by others. Espgtial perception of someone’s own
level of expertise influenced the position he ag &und him or herself in. For
example, the School director indicated that he palgsively attended the committee
meetings:

‘The whole day | sat there with my eyes and eadewpen. | am a layman; | did not
find time to say anything useful about the entrdustsw. | just sat there for show.’

But the project manager who chaired the meetindigated that his perception of the
contribution to the discussion differed from hisrow

‘Novices are very often very capable to conveyleeoent image. He [the School
director] heard terms he did not know but he surmgyld make a judgement. They
know what design quality is about. Then intuitiooiats.’

The level of expertise appeared to depend on thei@o and role of the decision
makers in the tender. One of the board membeiseoSthool — a real estate
management consultant in daily live - explaineddifierences between the position
as a consultant and as a board member:

‘It is totally different. As a client we do not grilave the authority but also the
responsibility and that is why one is more awaréhefchoices one makes. Now |
understand why clients have difficulty with deaisiaking.... It is definitely harder...
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| feel responsible. As consultant | am respongioiiel do not have physical influence
on the decision. That freedom, you do not expegi¢inat as a manager because you
have to act as you decided.’

A similar phenomenon was found in the City HalleedSor most council members
being a politician is not their primary professiethey usually have other daily jobs.
However, this does not mean that people with Ipssified expertise are
automatically bad decision makers. Or as the psogemager of the City Hall
indicated about the decisions taken in the awandnaittee (consisting of council
members):

‘| think it is really clever of the award committeew they considered all advises.
Although a pharmacist is not an urban planner,idé thirn out well.’

The observations showed that a lack of expertisdbeacounterbalanced by involving
other experts. In the case of the City Hall and@Goeernmental House the politicians
made use of special committees with employeedadlcased on a specific item. Like
the clients in this research, nowadays more and mamicipalities hire expertise
from outside because they do not have the medmsvithe expertise ‘in-house’. But
even management consultants involved in architdetgons do not always have
specialized expertise. In these cases the backgrofuihe consultants varied from
civil engineering until real estate managementanctiitecture. Juridical consultants
belonged to another category of advisors, but tbe#l of specific knowledge about
architect selection also varied. The authority l@féhe consultants acting in a project
team usually differed from the authority of theusmdtdecision makers and the other
advisors.

A jury panel (selection and/or award committee)alisuconsists of people with
different backgrounds, levels of experience anceeige, acting from different
positions and with diverse interests. The jury papéthe City Hall and the School
consisted of a mixture of architects (in the Schease only on advisory basis),
administrators and managers with different decisigits. The analysis in the data in
the City Hall case showed differences between teelolder groups in number and
type of aspects they used in their argumentatiaik@f, et al., 2008). The project
team and the external financial consultant reviewdg the aspects they were
assigned, such as possible conflicts with the zpplan or budget, and did not
express a preference. The prospective buildingsusigh no professional background
in architecture, the citizens and the employeesd wsly half of the criteria that the
expert committee and the selection committee us&dhs the expert committee that
considered the highest number of design aspecissiitg on feasibility and the
contribution of the design vision of the qualitytbé city, but excluding finances,
performance, and building services. The award cdatamseemed to have followed
the expert committee in their judgement but alsessed the financial limitations. In
their public defence, almost all aspects of thetimn design quality distinguished in
the case analysis were mentioned as criteria @r timal decision. This implies that
experts were better able to take more balancedidesiwith long term perspective
while novices focused more on the direct conseqgeenta decision.

The observations and interviews of the cases sutfygsthe ongoing discussions
between the decision makers increased the appoecitother interests, raised the
awareness of the importance of a valid judgemetitessposed more qualities of the
submissions. Discussions also seemed to have sedgarowledge transfer between
the panel members. They sometimes complementedotfaehin expertise. The
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composition of the panel does need to fit withchteria that will be assessed and the
sources of information that are provided by thdip@ants, for example regarding the
issues of sustainability. In the Government Housse sustainability was a major
theme of the project. During the selection meetihg,panel discovered that none of
the available panel members or available expedshaugh expertise to make a
proper judgement on this aspect. Also in the Schasé sustainability was to be an
important theme, while none of the panel membersqu to be an expert. In both
case sustainability was not mentioned very oftethénargumentation during final
decision making.

THE ROLE OF INTUITION IN DECISION PROCESSES

During the process of decision making a frame fd#rences was built among the
decision makers of the group. This frame of refeesrseemed to be influenced by the
characteristics of the group members, the contietiteosubmissions and the design of
the tendering procedure. The observations suggatttring discussion the selection
and award criteria were used to build the framesdadr the direction of process.
Selection and award criteria mentioned in the @fitender guidelines seem to cover
only the basic requirements to be judged by trentliPriorities shifted during the
process. The findings also suggest that by buildifrgme of references within the
group, interpretation of the criteria increasede Thiteria were being interpreted more
widely or narrowly during the process. Sometimeditawhal aspects, such as previous
experience of a panel member with certain firmarghitects, were used in the
argumentation of the decision. The panel membetiseoEchool used the argument of
educational experience most frequently during tjueigement, while the official
selection criterion was not that specific for edigra In case of the City Hall the
change in perception and use of the criteria waarlyt shown during the public
debate and also confirmed by the intervieweest firgtionality and aspects like
requirements, budgets and social skills of thegiess dominated the discussion
among the stakeholders in the award phase. Bynthéhe political parties discussed
the overall judgement without referring often te tphysical boundaries’. Emotional
responses to the designs came into play, and argarbnecame more general but also
more subjective and based on intuition. Becauseltbet could not express some of
their criteria in objective terms, they referredhe criteria of ‘most appealing design’
as their main decision criteria. And the ‘most agdjpg design’ seems to include
‘intangible’ criteria such as personal connectiaith in and affinity with the
architectural firm, design and designers. Alschim Echool case the main argument
for decision making seemed to be the ‘click with #rchitect’ whereas officially it
would have been the economically most advantageffeis

In case of the School and the Provincial Housectheria were used very explicitly
during the beginning and the end of the processéytimplicitly during the
discussion in between. One of the School panel neesrdxplained:

‘You only use the criteria because you have tadmesparent and because you have to
explain later on. But | have not looked at theemi# during evaluation [red: in the
award phase], | would lie if I would say so...’

The matrix form they used in the School case sthemgd the effect of the criteria
structuring the decision process. The ease in wthieliesults of the matrix sheet with
judgement of parties involved in the School case aecepted, indicate that the
weighing factors that were incorporated in the shege not applied explicitly but
taken as a given during the decision process. €bssidn about the weight of the
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criteria therefore has important but implicit ingations on the decisions. After the
ranking in the matrix, original judgements seemetlimportant anymore. Everybody
trusted the excel sheet made by the consultantcamded on the total scores. Then
the discussion pursued on a more general levahdoaf balance between the selected
firms and the personal interests of the decisiokarga

In the award phase the impact and functionalitthefdesign proposals led to a
definite ‘click with the design product’ in the €iHall case. The personality and
shown competences of the architect seemed to beimpgrtant in the final decision
of the School case. Almost all decision makerhien$chool case reported in
retrospectives interviews that the final decisiothe award phase was based on their
intuitive judgement about the person and their ptdecompetences, which led to the
‘most convincing party’ and a ‘click with the artdect’. Communication skills and
sympathy seemed more important than the contethiegbroposal, or previous
personal experience with the designer. This ‘cliotvever, was not an official award
criterion, but can be seen as part of the aspéatsmmunicative skills’. According

to an advisory panel member of the School the otumgnner presented a weak vision
in comparison with other firms but the choice & ®chool Board is comprehensible:

‘The architect had a very charming personality dadused on the needs of children
instead of architecture in general’.

Because the fee of the most preferred architeittedrSchool case turned out to be the
lowest afterwards and the City Hall used a fixaedeyrthe influence of price on final
decision making cannot be retrieved in these c#dss.in the City Hall case ‘true
excellence’ did not seem to be about answeringj farectional, durable and
aesthetical requirements but about the potentidiefull package of the design
proposal, the designer and the firm they belongt@refore the winner of a tender
reflects the design firm which the client believal best fulfil their needs and
provide them with the right architectural value €$h findings indicate that building
trust between the project partners is one of thiea matives during tendering
procedure. One of the participating architectha €ity Hall case explains this client
behaviour in tender situations:

‘One always selects people who one trusts, whidkeroae feel right. They will just
see what would happen next.’

CONCLUSION

The findings of all cases show that it is diffictdtapply the pre-announced criteria
and their relative weight during a group procesdegfision making. Criteria are not
part of a rational decision method but part of@épss of sensemaking of decision
makers that represent a public client. The finaiglen about the ‘winning architect’
appears to be a common effort between the membéns award committee. Would
the kind of naturalistic decision making be agathstlaw? The law implies that there
is only one decision maker who rationally applilesady defined criteria. In practice
decisions are made by administrators and commmeabers the represent several
stakeholder groups. Decision makers usually hafferent levels of expertise and
different interests. They need time to interpret¢hteria, the brief and the procedure
that were usually built by others that were not pathe actual award committee. In a
political and democratic arena sense making is rlapbfor support in the
implementation of the decision. The observatiormsthat the ongoing discussions
between the decision makers increased the appoec@tother interests as well as
the perception of the submissions. Discussionsggmed to increase satisfaction,
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acceptation of the decision process and acceptatitre decision itself. These effects
contribute to the transparency of the decision gse@nd future outcomes of the
project.

The results indicate that the award criteria triggethe process of giving meaning
during the tender process, but that decision makdraot directly refer to the official
formulations in their discussions. The appliancéhefcriteria was mainly done
intuitively and discussed with the other memberthefgroup. At the same time the
argumentations that were used to justify the degisbrresponded to the criteria
identified in the call for tenders. Therefore ihdae concluded that the criteria did
create the structure in which the decision hadrtgitace. The criteria acted as a
steering method which enabled the client to stakiwithe rational context of the law.
Another scenario could be that in the final stalbgezision making, the arguments
were reduced to the official criteria because alreeésted for an ‘objective’
justification of the decision. This kind of justifition in numbers and apparent
importance of criteria in a matrix form support fierception of objectivity to the
outside world. This does not, however, mean thaistes were made according to
the principles of objectivity, transparency and qaiscrimination. This raises the issue
of then to reflect and justify group decisions abpc clients about quality
assessments of design proposals. lll-defined pmnableften have ill-defined answers.
The tradition in architecture seems to accept tiresiequacies, and recognizes that
sometimes expertise and intuition is needed to rlakesions. It also accepts that not
everything can be rationalized and predicted bétamd. In the case of tender
decisions the traditions of two professional fieldsv and architecture, clash with
each other in their expectations about the amolurattionality during decision
making. All we need is a way to deal with it...
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THE CONTRIBUTION OF CONSTRUCTION PROJECT
FEATURES TO ACCIDENT CAUSATION: AN INSIGHT
FOR INFLUENCING THE HEALTH AND SAFETY
OUTCOMES OF PROJECTS THROUGH PRE-
CONSTRUCTION DECISION-MAKING

Patrick Manu 2, Nii Ankrah, David Proverbs and Subashini Suresh
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Health and safety (H&S) studies indicate that pyastruction decision-making has a
significant impact on the H&S outcomes of constiiarcprojects. To enable project
participants involved in pre-construction decisioaking to greatly and positively
influence the H&S outcomes of projects they thenefeeed insight into construction
accident causal factors, especially those factasdmanate from decision-making at
this critical stage of project procurement. Amonghscausal factors are construction
project features such as the nature of projecthoaedf construction, site restriction,
project duration, procurement system, design coxitpléouildability), level of
construction, and subcontracting. A critique of HBtSrature within the UK
construction industry reveals that these conswuagbiroject features emanate from the
client’s brief, design decisions and project mamaget decisions to contribute to
accident causation on projects. However, the exdetiteir contribution to accident
causation, and consequently the H&S risk implicgegicemain unknown and requires
further investigation. The emerging research qaastrelating to this knowledge gap
together with the research methodology to be adoptan empirical investigation
aimed at unravelling the knowledge gap are subsglyyaut forth. It is argued that
the insight to be obtained from this study williassonstruction project participants
who are engaged upstream of the project procureprengss to positively influence
the health and safety outcomes of projects thrahigin decision-making.

Keywords: accident causation, construction project featutesision-making, health
and safety

INTRODUCTION

Like other construction project outcomes such &, ¢be H&S outcomes of projects
are greatly influenced by pre-construction deciswaking (cf. Szymberski, 1997;
Entec UK Ltd, 2000; Macmillaet al.,2001; Bartolo, 2002). It is therefore important
for project participants who are engaged in deonisi@aking at the pre-construction
stage to have insight into construction accidenosabfactors that emanate from
decisions made at this critical stage so that tdagybe well informed to make good
decisions that will help in preventing accidentsiigi the construction phase. Among
such accident causal factors that emanate froncqmstruction decision-making are
construction project features such as the natupgapéct, method of construction, site
restriction, project duration, procurement systdasign complexity (buildability),
level of construction, and subcontracting. Howe¥&S studies have mainly made
only passing references to the accident causaptaleed by these construction project
features without providing insight into the extémivhich they contribute to accident

2 patrick.Manu@wlv.ac.uk
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causation and consequently the H&S risk implicatiomhis study provides the initial
step towards attaining this insight so that prestattion decision-makers can
understand the H&S implications of such decisiangtiem to be able to positively
influence the H&S outcomes of projects. The stuclyi@ves this by first exploring the
impact of pre-construction decision-making on H&8dwed by a critique of H&S
literature to demonstrate the mentioned knowledge §he study then poses the key
research questions that are needed to interrogatenbwledge gap and subsequently
outlines the research aim and objectives, andabearch methodology which is to be
adopted in an empirical study being conducted tdsvanravelling the knowledge

gap.

THE IMPACT OF PRE-CONSTRUCTION DECISION-MAKING
ON H&S OUTCOMES OF PROJECTS

“There is a time when we must firmly choose thersewve will follow, or the
relentless drift of events will make the decisighianklin D. Roosevelt, as cited in
Adair (2007)). In this quotation, the Former USdtdent, Franklin Roosevelt does
not only underscore the importance of decision-mgkiut more so, timely decision-
making. Decision-making, being the process of eatathg alternative choices to
achieve a course of action (Genest, 2007), cutssaceveral disciplines (cf. Hansson,
2005) and this process has been identified toaketileee major theories of decision-
making:descriptive, normative and prescripti¢iell et al.,1988; Dillon, 1998;

Martin, 2005) The descriptive and normative decision theoridsckvare earlier
theories, are concerned with how people (actuatigke decisions, and how people
should (theoretically) make decisions, respectiyBgil et al.,1988; Dillon, 1998).
The prescriptive theory, which is more recent anldased on the theoretical
foundation of the normative theory in combinatiothvobservations of the
descriptive theory, is concerned with how to hedpgde to make good decisions (Bell
et al.,1988; Dillon, 1998; Ryet al.,2007). The differences in these theories are
further illustrated in Table 1 below.

Table 1:Decision-making theories (Bell et al., 1988; Dil|d998)

Decision-making theory Definitions

Descriptive Decisions people make

How people decide

What people actually do, or have done

Normative Logically consistent decision procedures
How people should decide
What people should do (in theory)

Prescriptive How to help people to make good decisions
How to train people to make better decisions
What people should and can do

Underpinning this study is the prescriptive deaidioeory, as this study focuses on
how to assist construction project participantsyake good decisions concerning
H&S at the pre-construction stage. Drawing on thetg by Franklin Roosevelt, this
study emphasises the pre-construction period aggpertune time for decision-
making regarding H&S on projects since this penéfdrs the greatest opportunity to
influence the H&S outcomes of projects (cf. Szyrskigrl997; Entec UK Ltd, 2000).
Szymberski (1997) illustrated this by his time-$aiafluence curve (Figure 1) which
shows that safety can be influenced to the greatgstt in the early phases of
projects. Szymberski (1997) indicated that thelidgaation is for construction
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worker safety to be a prime consideration of tr@qmt planners and designers at the
conceptual and preliminary design phases in theypement process and that a
considerable portion of the ability to positivelydaeffectively influence site safety is
lost when its consideration is absent until thestauttion phase. The influence of
decision-making at the early stages of projecttherH&S outcomes of projects is
also acknowledged by Sir John Egan (Strategic Fdour@onstruction, 2002), the
Office of Government Commerce (2004) and the Cacstn (Design and
Management) Regulations 2007 (CDM 2007) (HSC, 2007)

Figure 1: Time/safety influence curve (Szymberski, 1997)
In this regard Sir Egan (Strategic Forum for Camndion, 2002) said,;

“Pre-planned well designed projectsyhere inherently safe processes have been
chosen which are carried out by companies known to bemetent, with trained
work forceswill be safe they will also be good, predictable projects”.

With the intent of further buttressing the influenaf pre-construction decision-
making on the H&S outcomes of projects, it is waitile to also mention that pre-
construction decision-making has a similar influoa cost. Macmillaet al.(2001)
highlighted that decisions taken at the conceptaaign stage of a building project
can significantly reduce costs and increase chatisfaction. This is corroborated by
Bartolo (2002) who indicated that it is criticalrtake the correct strategic decisions
in the early stages, as it becomes increasinglgresipe and unrealistic to make any
significant changes as design progresses. AshW20v) gives a graphical
illustration of this (as shown in figure 2) whichsimilar to Szymberski’'s time-safety
influence curve.

/ Potential to reduce cost
Cost
\ Cost involved to implement design change

Inception Design LulIsuucUUI

Figure 2: Chart illustrating a declining influence on cosbal the stages of project
procurement (Ashworth , 2004)
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Seeing that decision-making at the pre-constructtage has a significant influence
on the H&S outcomes of projects, it is thus imgeeator project participants

involved at this stage to be equipped with insight accident causal factors,
especially those causal factors that emanate fnendécisions they make at this stage.
Given that reliable, relevant information (insigtgt)an essential ingredient for making
good decisions (Drummond, 1996; Adair, 2007), tiséght into accident causal
factors which emanate from pre-construction densiwill undoubtedly be very
useful to project participants engaged in decisi@aking at this stage. A critique of
accident causation literature reveals that contmu@roject features such as the
nature of project, method of construction, sitérretson, project duration,
procurement system, design complexity (buildabilitgvel of construction, and
subcontracting are among accident causal factatsethanate from decision-making
at the pre-construction stage of projects (cf. Mayl& Quinlan (1997), Health and
Safety Laboratory (HSL) (1999), Entec UK Ltd (200G)bb (2001), McKayet al.
(2002), Loughborough University and UMIST (2003puighborough University
(2006, 2009), HSE (2009) and Maetal. (2009)). These features are attributes
(organisational, physical and operational) tharati@rise/describe construction
projects and to a large extent emanate from tleattdi brief, design decisions and
project management decisions during the pre-cottstruphase of project
procurement.

Having established the impact of pre-constructiecision-making on H&S and the
need for insight into accident causal factors @manate from it, it is thus important
to explore the accident causal role played bydieetified construction project
features to have an understanding of how they ibwté to accident causation, the
extent to which they contribute to accident caasasind the resulting H&S risk
implications. As emphasised by Sumjial. (2001), such insight is essential for
accident prevention. In view of this, the subsegigestion of this study critically
examines the contribution of construction projeettéires to accident causation. The
review aims at obtaining an understanding into phisnomenon and also aims at
revealing the knowledge gap that still exists drelienefits of the insight that is
currently shrouded by the knowledge gap so thaares can be directed towards
obtaining that insight to facilitate pre-constroctidecision-making.

EXPLORING THE CONTRIBUTION OF CONSTRUCTION
PROJECT FEATURES TO ACCIDENT CAUSATION

As demonstrated by the accident causation modedsiaiet al. (2001) and Haslam
et al. (2005), construction project features (emanatiogifthe client brief, design
decisions and project management decisions atréhegmstruction stage), contribute
to accident causation by the introduction of proadimccident causal factors into the
construction phase, and this contribution to agtidausation consequently has H&S
risk implications (cf. McKayet al.(2002), Chua and Goh (2005), Loughborough
University (2006)). As explained by Surajial. (2001) and Haslaret al. (2005), the
proximal accident causal factors are factors thatdirectly lead to accidents and
these factors are also introduced by distal (rooléulying) causal factors. This
process by which construction project featuresrdaunte to accident causation is
illustrated in figure 3.

24



Contribution of Construction Project Features tochktent Causation

Client's requirements  Design decisions Project management
decisions
a v »
Construction Project Features PRE- :
| ¢ CONSTRUCTION i
Nature of Project, Method of Construction, Site Restriction, STAGE i
Project Duration, Procurement System, Design Complexity
(Buildability), Level of Construction, and Subcontracting.
*
PROXIMAL CAUSAL FACTORS :
I | i CONSTRUCTION
STAGE H
ACCIDENT EVENT

Figure 3: The contribution of construction project featutesaccident causation (in line with
Suraji et. al. (2001) and Haslam et. al. (2005))

H&S literature indicates that construction projigtures contribute to accident
causation to varying extents depending on the éxtigorevalence of the relevant
proximal factor(s) within/associated with constrantproject features. In view of this,
the insight into the extent of contribution of ctrastion project features to accident
causation provided by literature is only limitedthe extent of contribution to
accident causation among construction project feataf the same kind. This insight
does not provide the actual extent of contributmaccident causation which would
also allow for relative comparison among constaurcproject features of different
kinds. To explain this limitation, for instanceeliiture indicates that conventional-
onsite construction contributes greater to accidansation than pre-assembly due to
the greater extent of manual handling (i.e. theipnal causal factor) that is
associated with conventional on-site constructi@ntpre-assembly (cf. McKay et. al.
(2002), Wright et. al. (2003) and Loughborough Wnsity and UMIST (2003)).
Literature also indicates that management contrgaontributes greater to accident
causation than design & build procurement due eéagtieater extent of fragmentation
of the project team (i.e. the proximal causal fgctioat is associated with
management contracting than design and build peocent (cf. HSL (1999) and
Loughborough University and UMIST (2003)). HoweMédgrature does not provide
the extent to which conventional-onsite constructontributes to accident causation
in relation to management contracting (the two gebjeatures being of different
kinds i.e. method of construction and method otprement, respectively). Such
insight is however important for providing a bafsismaking decisions regarding the
prioritising of accident prevention measures.

It also follows that the H&S risk evaluation (iretlextant literature) associated with
construction project features as a result of tbentribution to accident causation is
only the risk in relation to construction projeeafures of the same kind and not a
holistic risk evaluation which would also allow foomparison among construction
project features of different kinds (cf. McKayal. (2002), Chua and Goh (2005),
Loughborough (2006)). When construction projectdess interact on a project, some
project features potentially mitigate or aggravhterisk associated with other project
features as noted for instance by Wrighal.(2003). Also, concerning this potential
risk mitigating-aggravating interaction effect argehconstruction project features,
literature again provides limited insight. Cleatlyese constitute a considerable
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knowledge gap which demands investigation in otdéacilitate pre-construction
decision-making.

The insight into the extent of contribution of ctrastion project features to accident
causation and consequently the H&S risk implicatimnvital, as by it the ability of
the project participants to positively influence tH&S outcomes of projects through
pre-construction decision-making will be greatlynanced. Project participants (i.e.
client, design team and project management tearn)determine these construction
project features (through the project brief andrttiecisions) at the pre-construction
stage would by such insight be able to take intwsiteration the H&S risk
implications of construction project features wimeaiking decisions. Low-risk
construction project features could be chosen biggr-risk ones where there is the
opportunity to do. Also construction project feasithat potentially mitigate the risk
associated with other construction project featomesd be chosen to reduce the risk
associated with such project features where thogeqt features have been selected
or they are inevitable as may be dictated by tlents requirements. In preparing the
construction phase plan as required under the Ganisin (Design and Management)
Regulations 2007, the insight could also be udeftihe construction team when
making decisions regarding the planning and prsanigy of accident prevention
measures to be implemented during the construstage. Ultimately, these will
facilitate the achievement of good health and gadatcomes on construction projects
as noted by Sir John Egan (Strategic Forum for €ocison, 2002), and by that also
contribute towards improvement in the constructratustry’s poor H&S performance
(cf. Health and Safety Executive (HSE) (2009)).

Having demonstrated the knowledge gap in literatorecerning the contribution of
construction project features to accident causahconsequently the H&S risk
implications, and the importance of such insightdee-construction decision-making,
the subsequent section of this study takes thiestiep towards bridging this gap in
knowledge so that the benefits of the insight eslised.

IMPLICATIONS FOR FURTHER RESEARCH

Building on the above discussion, the fundamemts¢arch questions that need to be
addressed in order to unravel the knowledge gap are

To what extent do construction project featuredrifoute to accident
causation? and;

What are the H&S risk implications as a resulthait contribution to accident
causation?

These questions are key research questions forageging the knowledge gap since
such questions help to define the aim and objextfa research work and they also
inform the choice of an appropriate research ambpr¢ahadzie, 2007; Fellows and
Lui, 2008). Drawing on the research questions, ghigly outlines the research aim
and objectives, and the research methodology whitdhhbe adopted in an on-going
research being conducted towards interrogatindsiogvledge gap.

RESEARCH AIM AND OBJECTIVES:

The aim of this research is thus to establish eogbly the extent to which
construction project features contribute to acdidansation and consequently the
H&S risk implications, and to develop a H&S riska@vation model based on the
contribution of construction project features toident causation.
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To achieve the above aim, the research is purghaépllowing objectives;

To undertake a critical review of construction decit causation literature
highlighting the causes of accidents in the cowsto industry and
pointing out the contribution of construction prdjdeatures to accident
causation;

To undertake a critical review of health and safetlk and risk assessment
methods with the aim of identifying a suitable nuetifor evaluating the
H&S risk associated with construction project feas as a result of their
contribution to accident causation;

To develop a clear conceptual model that maps bat relationship
between the extent to which construction projeettures contribute to
accident causation and the health and safety esklting from their
contribution to accident causation;

To develop an instrument (questionnaire) that enthble data collection
to investigate empirically the conceptual model;

To collect data and analyse the data to deterntwee contribution of
construction project features to accident causatod the H&S risk
associated with construction project features asresult of their
contribution to accident causation;

To develop a H&S risk evaluation model to assisjgmt participants with
pre-construction decision-making in relation to sioaction project
features and also decisions regarding the planaingy prioritising of
accident prevention measures to be implementdteatdnstruction phase;
To evaluate the usefulness of the model from prangérs’ perspectives;
and

To draw conclusions from the findings of the staaiyl on that basis make
recommendations for industrial H&S practice andftother research.

RESEARCH METHODOLOGY:

The research paradigm to be adopted for the rdsealldargely be positivist
(quantitative), which implies that the reasonindhaf research will largely be
deductive involving the development of a concepsaunal theoretical structure prior to
its testing through empirical observation (Loos293). Within this general positivist
framework, elements of interpretivism (qualitativa)l also be incorporated to
provide deeper insight into the contribution of swaction project features to accident
causation. The research methods to be appliedneilide (in the order of their
application):

1. Literature review — An exploratory literature rewi®f the H&S performance
of the UK construction industry will be conductealldwed by an in-depth
literature review of the causal factors in condiorc accidents. The review
will accentuate the role of construction projedtéges in causing accidents,
pointing out the scope for further research in trea to the extent of
contribution of construction project features taident causation and the H&S
risk resulting from their contribution. The in-dbpiterature review will also
focus on H&S risk and methods of assessing H&S vigth the aim of
identifying a suitable method for assessing the Hg8sk associated with
construction project features as a result of tloaintribution to accident
causation. In line with deductive research, therditure review will underpin
the development of a conceptual model which prestém two related facets
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of the knowledge gap (i.e. the extent of contrimitof construction project
features to accident causation; and the H&S risglizations) in a unified
coherent piece.

2. Interviews — Semi-structured interviews will be danted with UK
construction contractors (the focus being the @#esonnel/professionals, such
as construction managers, site managers, site esrginH&S managers, etc)
and H&S experts/consultants (such as CDM Co-ordisatto refine the
conceptual model. To achieve this, the interviewB further explore the
contribution of construction project features taident causation to obtain
further understanding of the accident causatiorcgs®s, and also to identify
other construction project features that contribisteaccident causation but
have not been reported in literature. It will ajs@vide additional empirical
evidence in support of the literature underpinrtimgconceptual model.

3. Questionnaire — The refined conceptual model tagetith the interviews
will inform the development of a questionnaire whigill be administered in a
cross-sectional survey to the same category obrefgmts as in the interviews.
The questionnaire will solely be the basis for duieing the extent of
contribution of construction project features taident causation and the H&S
risk implications.

The sequential application of the above researdhade constitutes a robust research
approach which will allow the knowledge gap to bigally explored in-depth in a
qualitative manner (through interviews) to learnrenabout it, followed by a
guantitative investigation with a large pool of sbmction professionals (through a
guestionnaire survey). This is a mixed method aggravhich Creswell (2009)
describes as sequential exploratory strategy, wihvblves a first phase of qualitative
data collection and analysis, followed by a seqoimalse of quantitative data
collection and analysis. Since in the case ofrésggarch, the quantitative data
collection and analysis will solely provide the isa®r determining the extent of
contribution of construction project features toident causation and the H&S risk
implications, this particular mixed method approgdioritises the quantitative facet
over the qualitative facet in line with the alldoatof weight when planning mixed
methods design (Creswell, 2009). Creswell (2008yipdes an example of a scenario
in which this approach can be situatér] where for instance the researcher wants to
both generalise the findings to a population angelbg a detailed view of the
meaning of a phenomenon or concept for individuhks researcher may first explore
generally in a qualitative manner to learn abouatwariables to study, and then
study those variables with a large sample of imhligls quantitatively. Again, the
sequential exploratory strategy enables the reBeato develop an instrument (which
in the case of this research is a questionnairbg teubsequently administered to a
sample of population (Creswell, 2009). These sdesaeflect this research and
demonstrate the suitability of this approach t@bepted. A flow diagram of the
entire research process is shown in figure 4 below.

Having laid out the research aim and objectivessanbequently a robust research
approach to be applied in interrogating the knogéedap through the research being
conducted, what then remains is to pursue the rasedjectives by following
research process outlined above and illustrateml\bil enable the attainment of the
full insight into the contribution of constructigmoject features to accident causation.
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Figure 4: Research process (adapted from Creswell (2003920

CONCLUSION

The above critique of literature has demonstratedrmpact of pre-construction
decision-making on the H&S outcomes of projectsttigat the critique has also
demonstrated the importance of having insight agcident causal factors that
emanate from pre-construction decision-making deoto assist project participants
to be able to influence positively the H&S outcoroéprojects by making good
decisions concerning H&S at this crucial stage. &pohned by the prescriptive
decision-making theory (i.e. how to assist peoplmake good decisions), the study
has focused on construction project features wlinhnate from pre-construction
decision-making and by the introduction of proxiroalsal factors contribute to
accident causation, the aim being to obtain indigfiot this accident causal
phenomenon. It is argued that this insight is nemgsto assist project participants in
decision-making regarding the choice of construcpoject features (on the grounds
of H&S) and also regarding the planning and prising of accident prevention
measures to be implemented at the constructiorepfiae study has however
demonstrated that the insight within the literatofréhe contribution of construction
project features to accident causation and consgigutbe H&S risk implications
remains elusive and therefore demands investigafisran initial step towards
unravelling the knowledge gap through an on-goesgarch, the study has put forth
the key research questions, the research aim gadtivls, and a robust research
approach to be applied in the research. Givenigmfisant influence of pre-
construction decision-making on the H&S outcomeprofects, the eventual outcome
of this research will be a major contribution tode&achieving H&S improvement in
the UK construction industry.
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TRAINING PROBLEMS IN THE NIGERIAN
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The Nigerian construction Industry has experierslghges over the years since the
oil boom of the early seventies, both in termsalfime and complexity of work.
Projects such as construction of roads, buildibggges, dams, sewage plants, have
been executed on large scales. It has, howeven, digserved that, in recent times,
the stock of skilled manpower has not been abteatch the level of economic
activities and development. It is therefore impeeathat efforts are directed at
tackling the manpower development challenges an particular those that relates
to training and education of the construction ski#led operatives. Defective
approach to decision making on the part of thecgathakers has been identified as
one of the main influences of the present prediceamBroblem solving and decision-
making are important strategies for business; grobtolving often involves
decision-making, and appropriate approach to datisiaking regarding skills and
vocational training is very relevant in tacklingethresent problem. This paper aims
at eliciting ideas and generating discussion on Hewision making across levels and
time can positively impact on Artisans' traininglahus influence the formulation of
a 'best practice framework' for the training offtmaen in the Nigerian construction
sector.

Keywords: decision making, labour shortages, skilled opeeatitechnical
education, vocational training.

INTRODUCTION

Leaders make solid decisions and commit to se&igy tmaterialize. A key skill in
becoming a successful leader is the skill of denisnaking. Decision making is also
one of the best developmental tools at the dispufdhle leaders. In order to create
momentum around decisions the leader must cultc@t@emitment. Asking for input,
especially from key stakeholders, is critical foommentum and effective
implementation (Taylor, 2008; Harris, 2008).

Successful leaders have learned that action ik thiey know that procrastination can
have a devastating effect, but decision makingaw to get the Nigerian youth
mobilized into profitable skills acquisition, whietould benefit them as individuals
and move the country forward both economically socially, seems to be left un-
attended. As a result, the younger generationttakatering and loafing (Nwagwu,
2004). Neglect on the part of the nation's leadprishevolving a positive decision
making and problem solving strategies, which coatttem the present awkward
situation; may result in a whole generation of aimelied citizens being wasted or
squandered on the platform of indecision occasidnyesklfishness and corruption.
At present, young people seem to eschew the hidreenstruction trades in
exchange for the lure of promising positions irhtemogy or other emerging fields,
leaving a shortage of skilled workmen in the camdion industry. The cream of the
nation’s youth no longer shows interest in skiljaisition (Dike, 2006; Bolaji 2007).
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Many who would have been trained to acquire profakills take to petty or even
serious crime. Some of the artisans that are etjag construction sites are
essentially incompetent. Some of the trained snadin who should be engaged on
construction sites have taken to other supposatdially lucrative businesses such
as ‘okada’ commercial motor cycle transportatiomw@\2006). Emphasis on skill
instruction in technical colleges and vocationairting centres has become
secondary, due to poor funding and a misplaced asipland misdirected focus
(Awe, 2004 and Akindoyeni, 2005).

Obiegbu, (2005) also observed that problems ofi@ges, absence of a clear-cut
career path; and a lack of organized apprenticdshiiping schemes are evident in the
construction industry at the present time. MoghefNigerian technical school
students see themselves as being trained to pesigpervisory roles on completion

of their training; the Polytechnics and Universtae producing middle level and
high level manpower respectively. If this trendegainchecked; a period will come
when there will be many graduates of constructedated fields but few or

insufficient number of craftsmen to carry-out tleeual work; a situation that will be
catastrophic for the Nigerian construction industngl the nation's economy as a
whole.

Construction work, as at the present time in Ney&ilabour intensive, unlike in some
advanced countries such as the UK where a gree¢@ge of site operations have
been mechanized thus requiring fewer numbers afatipes on the construction sites
(VanDoren 2008). The goal of this paper therefwréy generate discussion with the
view to eliciting ideas on how decision making asrtevels and time can positively
impact on tackling the identified problems withitiag and development of Artisans;
thus influencing the formulation of a 'best pragtimmework’ for craftsmen training
and development in the Nigerian construction sector

ARTISANS' TRAINING PROBLEMS IN THE NIGERIAN
CONSTRUCTION INDUSTRY

Nigerian seemingly well structured and closely nhamr@id educational system should
normally have enabled and encouraged the natiprogtuce sufficient number of
seasoned craftspeople to meet the needs of thiandcstries and the challenges in
the global economy but the reverse seems to beade2 Bolaji (2007) notes that the
Nigerian educational policy has not been capabler@fiding the needed manpower
development to stir the nation's socio-economigencies left by the colonial
masters. The policy issue though seems well latdsat non-directional due to
incessant changes. It has become a traditionaidamn policy mid-stream.

Okafor (2000) observes that there is total dedhnbe quality of training facilities at
all levels of Nigerian education system. Many techl and vocational training
institutions do not have the necessary facilit@sefffective teaching and learning.
Odia and Omofonmwan 2007; Olaitan 1996; and Es4i@98; identify lack of
necessary facilities such as tools and adequatiestvops to hinder in-depth practical
instruction. Akindoyeni, 2005; Awe, 2005; and Gilea, 2005; highlighted reduced
emphasis on skills instruction due to poor fundang a misdirected focus. The
industrialization of the nation is being delayee da the inefficiency of the technical
education system. Akpan (1999) submits that teeth@ind applied skills would not
be effectively acquired by mere reading of handmat pictures of simulated tools and
equipment. Oni (2007) advocates the need for prigjmeling of technical and
vocational education. Acute shortage of suitaioéned and qualified vocational
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teachers is another identified bane of Nigeria Tex and Vocational Education
(Aina 1991 and Okorie 2000).

Other challenges of the Nigerian vocational edooa system as identified by Oranu
(1998) include problems related to curricular whickclude inadequate emphasis on
pre-vocational subjects at the primary and junenonidary levels, shortfall in
recruitment and exodus of teachers, low studenalapexamination-oriented
approaches to curricular implementation and inadegpolitical will. The general
orientation of the Nigerian educational system setiay more emphasis on paper
qualification than on acquisition of marketablellskihence the trainees concentrate
on accumulation of qualifications at the expensaagfuisition of skills.

Since the era of oil boom of the early seventies,Nigerian construction industry has
experienced progressive transformation both in sevfrcomplexity and quantity of
projects. Vast construction projects such as mgll roads, dams, bridges, sewage
and power plants has been executed (Adeniji, 18R#doyeni 2005). Since
construction technology involves both local and amed, it is imperative that
workers are constantly trained and developed Ip¢alacquire and adapt the
available technologies (Nwagwu, 2004; Onjewu, 2005)

DECISION MAKING PROCESS AND ITS IMPLICATION FOR
SKILLS AND VOCATIONAL TRAINING IN NIGERIA

Decision making in any venture has been vieweoltow a structured process or
procedure (Hogarth, 1990; Ranyard, Crozier and Swer2001; Harris, 2008). The
decision making process involve:

Defining and clarifying the issue - to determind ifvarrant action; if it does,
is it urgent, important or both?

Gathering all relevant facts and understanding tteaises.

Thinking about possible options and solutions.

Considering and comparing the pros and cons of ielectified options.
Selecting the best options.

Explaining the decision to those involved and aidcand following up to
ensure proper and effective implementation.

Akin to the above process is the traditional sepgbroblem solving process
highlighted by Orth and Yoe (1997) which are:

Identifying and selecting the problem
Analyzing the problem

Generating potential solutions
Selecting and planning the solutions
Implementing the solution
Evaluating the solution

These decision making and/or problem solving preegsire relevant and have
implication for skills and vocational training inigéria for the following reasons:

The Nigerian workforce training; seems to have atkfsolution over time.
There has been programmes targeted at addressngrtiblems but the
projects are either abandoned mid-stream or sabdtag

The lack of interest of the up-coming generatiorskills acquisition calls for
critical definition and painstaking clarificatioro as to know how best the
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younger generation could be re-oriented, re-dickated re-focused to pick-up
interest in skills acquisition; with the view to kmag them gain economic
freedom and contribute to economic growth and natidevelopment.

The myriad of problems confronting vocational ediscaand training require
critical analysis and corresponding urgent andtp@sactions.

DISCUSSION

The crux of this write-up and presentation is, altjiito elicit ideas; from academic
researchers on how decision making across levelsimecan positively impact on
Manpower training and development in the Nigeriates The goal is to influence or
give a 'lead' towards the formulation of a 'bestcfice framework' for mobilising,
training competent workforce and developing thengar generation; with the view
to tackling the menace of skilled labour shortagthe nation's construction sector.

The question then is: How appropriately or effesivcan the decision making
process be adopted as a strategy to solving the skining problem and tackling
labour shortages challenge?

Across levels: How can the relevant stakeholders - the policy make
construction sector, labour unions, constructiot alfied professional bodies
unite to make decisions that could positively intpan the younger
generation to effect a change of attitude towakidks sacquisition?

Across time:ithe decision necessary in this regards relateaduture of the
younger generation, the construction sector, natioeconomy and
development. How best could decision-makers gatllevant, necessary and
quality information and what are relevant tradesaf ensure a long term
effect?

CONCLUSION

The contributions and positive input from the Resleers at this workshop would
give a clue towards possible solutions that coelghtmffered towards tackling the
identified problems.

Issues raised would also immensely facilitate trenfilation of a 'best practice’
framework for manpower training and developmerthaNigerian construction
sector.
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The construction industry has long identified ttportance of addressing client
requirement in order to achieve project performahimevever, the industry has a
poor record of addressing these requirements oteitige complexity and uncertainty
of the project brief. Various procedures have bedwpted in the past, with varying
levels of success or failure for those involved.tie current economic crisis effect
major clients, the position has become more comflexthere is huge pressure on
the clients’ spending powers). Clients are begigniacndemand quality and value for
their money. It is suggested that a fresh view mighrequired as to how the clients’
requirements could be captured and delivered teetuality and value for money.
The introduction of Building Information Model (BIMn the construction industry is
considered to increase the ability to deliver vedtel enhanced products to the
clients. The usage has been increasing worldwidledsearch is still required as to
how this tool might be most effectively employedlVBs an emerging technology
that has been used to provide virtually imagestodtdikely the client would have
containing with all the data throughout the buigglliife. The main issue here is how
BIM can be used to capture, translate and delientcrequirement during project?
The aim of this research project is to examinepttoeess of translating client
requirements (CR) into a finished product usingBhédding Information Modelling
(BIM) approach by evaluating how client requirensecéin be translated into BIM to
maximize client satisfaction. It will consider alerequirement related to five (5)
different attributes; types of client, types of degtypes of procurement, types of
project and types of building.

Keywords: building information modelling, client requiremetranslating process
and construction industry.

BACKGROUND OF THE RESEARCH

The realization of the Government vision to impreélve construction industry through
various efforts can be achieved if the team shansgsion that construction is beyond
the narrow concept of construction (Wolstenholn®9). The problem within the
industry is the failure to deliver the client regument due to inadequacy within the
briefing process including among other issues, #cystematic and structured
methodology, less focus towards clients’ real negrsfective usage of information
technology (IT) and most importantly ;failure teopide clarity and traceability
towards client requirement ( Kamara et al,2002|) thRese attributes provide vague
and implicit client requirement which could be irape through an integrated process
which clarified what the client values and delingriclient requirements that reflects
their needs. Client is the key to the whole cortsiom process and understand their
needs is paramount (Latham ,1994) and it can be bgmetting the brief right in
order to meet client expectations and having agcéffe project delivery(Egan,1998).
In 2001, the NAO (2001) noted the importance otwapg client requirements as an
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area to be focussed upon in improving construgtienfiormance. Based on
Wolstenholme’s review (2009) of what industry hattiaved regarding client
satisfaction matters it seem that, the focus orctisomer remained important but the
focus on integrating the process and the team drthenproduct had not yet engaged
the industry and it still has a situation wheris ibften unclear how clients
requirements should be fed into the design process.

Improvement in the delivery of public services bagn a major policy theme in
successive British Governments. Schools and hdspgita fundamental to public
service, and require great care during the brighirmgess. The 2003 Government
report, improving project and programme delivery: Increasthe Civil Service’s
capacity and capability to delivetirged project teams to meet Government’s
objectives to improve the public services. Researcihmproving briefing process was
widely carried out. The briefing process involvegbessing clients’ wishes and it is
important for client to have clear view of whatith@oject should achieved (Boyd &
Chinyio, 2006).This is where BIM may be useful s iable to virtually construct
clients’ requirements into a model and to prowageortunities for both client and
project team to examine the ‘what if’ scenario’vatit great effort. The introduction
of BIM in the construction industry is consideredrcrease the ability to deliver
better and enhanced products to the clients (L&0@Q; Smiffs & Tardiff, 2009;
Singhet al 2009). Building information modelling can be ackmedged as a
collaborative tool (Salmon,2009;Singhal 2009) as everyone has the same
accessibility to the project information (Curgéisal, 1992). It produces better
coordination of project details (Klo&t al, 2007) within a ‘single source’
model(Eastmaet al,2004). And it also allows the client and stakekotdof the
project to link their requirements to live data¢8ah 2009).

It is suggested that a different viewpoint mightrequired as to how the requirements
could be captured and delivered. It is worth memiig that other methods,
methodologies or tools such as Facility Prograngnfroduct Model (FFPM), SEED-
Pro, Brief Maker, Auto Brief and Quality Functioemloyment(QFD) has been
developed to assist in defining client requirem&aimara and Anumba (2000) for
example developed a computer based tools to suppdyt stages of construction
process by removing ambiguities and provide presdesmition and the opportunity to
trace the design decisions to original intentiowlagnt. But, this tool would not be
able to provide data through the building lifecyctenpared to what is offered by
Building Information Modelling (BIM). However, thirther raises an issue as to
whether or not Building Information Modelling (BIM$ able to capture, translate and
deliver what is required by the client. This raisgher question whether the 3D
model that is produced is correctly reflects wkawanted by the client in his project
as 3D model sometimes can be misleading partiguiathose from outside
construction.

The usage of BIM has been increasing worldwiderésgarch is still needed as to
how this tool might be most effectively employeén8scu & Haymaker (2009)
suggests that due to differences in client backwiand level of understanding of the
process and application of BIM it cannot be seea awracle tool. BIM would not be
able to integration and collaboration among cleamd project team if everyone in the
network does not understand their role in theijgmtfLinderoth 2009). The
maximum benefit of BIM is also related to the lesécommitment given by the
client (Howard & Bjork, 2007;(Linderoth 2009) andinhing received by the staff
(Kaneret al, 2008). The main point that needs to be estaldisieee is; BIM should
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be seen as a tool which needs both parties (thiet@nd constructors) to have the
same vision of what they are getting (Kaatal, 2008).

There is also considerable uncertainty concerriegriteroperability issue. The
question of the capability of BIM to hold the viaiuproject from the initial stage up to
the end within a single file and the issue of dedasfer could become another barrier
to adopting BIM (Guet al, 2008). Despite a number of research projectsgbsanried
out on BIM, research on contractual and procurerardtthe roles and obligations of
each project team member are not widely done. Midiche work to date is heavily

on the technical features of BIM rather than logka it from the human resource or
contractual/organisational points of view. &ual (2008) stated that the project team
are rather more focussed on the technical aspgbetprocess and the method of
carrying out the BIM.

BIM is believed to offer opportunities for more edtively deal with client in
capturing, translating and delivering client reguaiient issues and particularly in its
use to clarify project objectives, assist collatiweaworking and the clarification of
objectives. This research will examine whether Bi&h be used as a tool for
capturing, translating and delivering clients’ regments and if it is suitable,
manageable, and effective in delivering them thalfproduct (refer figure 1).

%}IS needs

_ designers
different & project

types of team
client

3D- can it be
misleading?

_/

Figure 1. Relationship between client and project teamsrduthe process of capturing,
translating and delivering the clients’ requirement

AIM OF THE RESEARCH PROGRAMME

This research sets out to evaluate how client rements can be translated into
building information modelling to maximise clierdtsfaction and to establish a
methodology that reflects the usage of buildingiinfation modelling within the
design and delivery process to produce greatenévab the client.

Within the above aim, the research will addressralver of questions:

1. What are the main factors that really help and diride client in
communicating to the project teams what they wadtreeed from a project
and how are these affected by Building informatioodelling?

2. What are the problems faced by project teams wheptang BIM in their
projects as problems could affect the process ucig, translating and
delivering client requirement?
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3. Can BIM reduce misunderstanding and misinterpm@tabetween clients and
designers and project team?
4. What are the main benefits gained by both projectes/client and the project
teams while BIM is used in the project?
5. How might BIM help clients in decision making ontelenining what they
want from the project?
The following table captures the objectives andnieehods and approaches to
achieving them.

Table 1: Objectives and approaches

Details of research objectives Methods
1 To examine the features and the application of 1. Literature Review
Building Information Modelling (BIM) and to 2. Industry case study

investigate whether BIM can reduce
misunderstanding, misinterpretation in the
communication process.

2 To evaluate the process of communication and 1. Observation on the
interpretation that happens during the case study
communication process between the different 2. Interviews with project
types of client and the designer and project team participants.
compared to with the production of 3D Forms 3. Closed questionnaire
produced by BIM

3 To consider the implication of BIM on 1. Data derived from
contractual issue. case study, interviews
and questionnaire
survey.
4 To model a practical client requirement 1. Industry Case study
methodology for construction project. 2. Results from survey
(questionnaires &
interviews)
5 To test the methodology and evaluate the 1. Web hosted
effectiveness of using BIM to deliver better guestionnaire
client requirements within UK construction
industry.

RESEARCH STRATEGY & METHODOLOGY

As an exploratory-descriptive research, this redeaiill employ appropriate
methodology compatible with our objective to exaenamd understand the issues
relevant to the building information modelling (B)Ms a tool to capture, translate
and deliver the client requirements within Governty@ojects; specifically schools
and hospitals. In more detail; the researcherés ke explain the observed changes
which happen during the application of BIM in prdgand to consider the benefits,
problems and contractual issues encountered.

In order to achieve the aim, objectives of thisegsh project and to answer the above
guestions the following strategies and researcthoastwill be adopted:

I.  The use of published soure&ghere the literature review will be used to
practice the knowledge and look for links betwekent requirement and
building information modelling in delivering cliesatisfaction.
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Case studyof current organization or companies that em@ay within

their building process. The knowledge gained framdase study will provide
‘depth of insight’ of what is actually happeningegmploying BIM in the
construction process. The selection of the caslystill be 2 single case
study which using the BIM and same procurement otethn this case studies,
the project that will be limited to school and hiéap The case study also will
be using the set of attributes as shown in figuas 2o set boundaries to guide
the research process and as the criteria to lotteicase study

This case study will adopt a mixed research, dubdmeed to get better
response from the project participants but alsabtain richness of qualitative
data from the in-depth analysis of the field d&ey(nan, 1989).

Initially, closed questionnaires will be used ézk general and overall ideas
of what project members think and to avoid low oeges from the project
members. This closed ended questionnaire is agtwéllact as the pilot study
to assist and refine researcher’s research desmjsteategy. The range of
answers from the closed questionnaire, will alloes 6pen ended and semi-
structured interviews to be closely targeted tertk and project members to
gain meaningful comments and insights from them.

types of

clients
types of tyg;es
building needs

types of types of
project pracurement

Figure 2: Attributes contributing to the context withinegiit requirement

This case study also will involve embedded multigdse design as illustrated
in figure 3. The research will be focussing on hiadp and schools in UK,
preferably within the north east of England. Thes;h hospital and school
that will be selected as the case study will ineatvore than one unit of
analysis (see figure 3). For example, in the ca$®spital, analysis would
include outcomes from the clinical staff and mamegdjstaff employed by the
hospital.

Multiple-case designs

CONTEXT : HOSPITAL

Clinical
staff

CONTEXT : SCHOOL

School
Management
staff

Teaching
Staff

Managerial Staff :
Local Counci

Figure 3: Type of design for case study for this research
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The data collected from this case study will betosgnswer the questions no
1 and number 2 in Section 2.0. Then, the databailinterpreted and analysed
to develop the methodology to achieve researchctigeno 4.

iii.  Action researchthe methodology will be tested to see whether Bl be
used to capture, translate and deliver the vaigbast requirements that will
be identified during the course of study. Thus newally the methodology will
be developed, and then it will be tested and refioeensure it is working

comprehensively.

Figure 4 will summaries all the research proceaslll be taken during the course

of study.

Case Study 1
Hospital

Case Study 2
School

Pilot Case Study
Closed Ended
Questionnaire

Pilot Case Study
Closed Ended
Questionnaire

v

Interviews

Case study Databa

|

Case Study Report

Interviews

l

Case study Databa

|

Case Study Report

Formulation of Abstract, concepts and generaliratio
-Production of methodology

Testing implications in new situation

- Testing the methodology through web-

Figure 4: shows diagram on the research plan for capturingnslating and
delivering client requirement using Building Infaatron Modelling (BIM) technology
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ANP MODELS AND STEEP CRITERIA
Zhen Chen

School of the Built Environment, Heriot-Watt Unisigy

This paper and presentation aim to make a sumnfagsearch into the theory and
application of Analytic Network Process (ANP) in Itingriteria decision making in
construction and development since 2003 when theamea of ANP applications was
initially explored by researchers in Hong Kong &i. The paper and presentation
focus on two main issues including the frameworlANP applications and the
adoption of a novel set of decision-making critéoi@over social, technical,
economic, ecological, and political (STEEP) issugdated to project decision targets.
In terms of ANP applications, a framework is intnodd to summarise and further
guide five progressive levels of contemporary reseand development related to
ANP in the construction sector. The entire relatletween general needs and
associated contents of assessment across stagmsstruction and development
projects is then discussed based on industrialegujiiven by CIOB and PMI in order
to highlight the importance and relevance of intngda generic set of assessment
criteria. An example based on the Royal Liverponivdrsity Hospital project is
given to demonstrate the feasibility of incorpargta set of STEEP criteria in an
ANP model to deal with real world problem. It ispexted to attract some interest in
further research and collaboration in ANP applaadi

INTRODUCTION

The application of analytic network process (AN8adty, 2005) for construction and
development started around 2003 respectively flarResearch Centre for
Construction Innovation at the Hong Kong PolytecHaniversity (Chen, Li and
Wong, 2005; Cheng and Li, 2005a) in China, and3itteool of Construction
Management and Engineering at the University ofdiegin UK, and two of first
pieces of research were presented at the ARCOMoaidtvorkshop (Chen, Li and
Wong, 2003; Huang, 2005), which was held at GlasGaedonian University on 18
June 2003. Since then, more publications have tugrad out by pioneer
researchers, and these include

Aragonés-Beltrana, et al. (2008): valuation of arbalustrial land

Chen and Li, et al. (2005/09): risks assessmeobwimercial real estate

development, vendor evaluation, construction plaiuation, life cycle value

assessment, construction knowledge managementiagiaal of IT solutions,

location selection, and buildings assessment, etc.

Cheng and Li, et al. (2004/06): contractor selegtproject selection, location

selection, and performance evaluation, etc.

Dikmen, Ozorhon, and Bu-Qammaz, et al. (2007/0&@jept appraisal,

performance assessment, and risk assessment rofitid@al projects.

Lu, et al. (2007): risk assessment.
therature review reveals a progressive developpsmhmarised in Figure 1, of using
ANP for construction and development projects, iahds been noted accordingly
that current research into ANP applications are@gghing to its higher levels
comparing with the contents of early research afitist level, called Adoption, which
focuses on simple ANP models that were roughlypdiut left with some confusions
for applications with a horizontal expansion intsgible areas in construction and
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development, and at the second level, called Iategr, which focuses on integrative
ANP models that were innovatively set up but &ift with some further confusions
for applications with a traverse expansion with ohenore other possible approaches
such as artificial neural network (ANN), fuzzy logand quality functional
deployment (QFD), etc., which are deemed to begrated with ANP. In terms of the
integration of ANP with other relevant approachbere are examples of
incorporating fuzzy logic with ANP in evaluatingveronmental sustainability (Liu,
2007), safety risks (Peng, et al., 2008), and renmental impacts (Liu and Lali,
2009), and there are attempts to integrate ANP avrtificial neural network and
knowledge base system (Chen, Chung, and Li, 2@0®).the purpose of using such
integration is to facilitate either front-end orckeend process in decision making. For
example, the QFD can be used as a front-end prarcctessollect data for an ANP
model, whilst the ANP can also be used as a frodtprocessor to generate inputs to
a QFD model. In terms of those confusions, whiehtbesed on the author’s
numerous discussions with both professionals aadeanics through presentations at
meetings, workshops, seminars and conferencesraaids as well as publications in
the past more than five years, they may include

What is the gap between academic research andsprof@l practice in using

ANP?

What is the confidence level of ANP results in terof each specific

decision-making question for construction and dewelent?

How can ANP be popularly used by practitionershim ¢construction sector?
These questions provide some essential requiremegdsding potential demand of
using ANP in construction and development practeel therefore research and
development should go ahead to achieve a highel, land there have been some
progresses from research dealing with those caorigsi

Figure 1: Levels of ANP applications and example contents
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The third level of research into ANP applicatiocalled Adaptation, focuses on
reliable models in regard to the quality of crigefior ANP models, and the reliability
of ANP models in decision making. In terms of thuality of criteria for ANP models,
there are examples of using evaluation techniquels as the environmental impact
index (EIl) (ChenLi, and Turner, 2008) to select appropriate crieand there are
attempts to adopt a generalised classificatiornritdr@ regime such as the STEEP
(social, technical, economic, ecological, and pml) criteria (Chen and Khumpaisal,
2009aé&b) for decision making in construction angelepment; and it has been
proved through several case studies such as Ligefpoe (Chen and Khumpaisal,
2009a) and the new Royal Liverpool and Broadgreeivéssity Hospitals (Chen,
2008) as feasible approaches. In terms of thebitiaof ANP models, there is an
attempt to quantitatively measure the reliabilityegaluation such as the reliability of
facilities’ evaluation (Chen, 2009) derived from RN

The fourth level of research into ANP applicatioceljed Application, focuses on
reliable solutions in regard to fast data collatt@md process for model construction
prior to ANP calculation. It has been realised tigio research that it is time
consuming to use questionnaire to complete allwais comparisons for any ANP
models and sometimes it may be not realistic taegetigh inputs from questionnaire
survey, especially when the number of criteriaiggbr. In terms of fast data
collection from questionnaire survey, the key isdduce the entire number of pair-
wise comparisons for setting up the whole ANP maadkgkad of the number of
participants whose expertise is valuable for knoéereuse in ANP. In terms of fast
data collection, there are several examples totalopdvanced technique called
PairWiser (Chen, et al., 2008) to fundamentallyngeathe way of getting data of
pair-wise comparison through questionnaire sureegssto significantly reduce the
total number of inputs from experts in the sunaayl this change makes it possible to
regulate any questionnaire with reasonable numbassessment criteria within one
or two pages, which makes it very convenient tonendy experts and possible at the
end to have a good response rate from questionsiiveys. Although PairWiser tool
enables fast data collection and process, therstiflrirther requirements in regard

to a wide range of applications. For example, tiséw@uld be a solution to accelerate
data transfer from the PairWiser led questionnsueey.

The fifth level of research into ANP applicationalled Embedment, focuses on
embedded solutions into other commercial or prodess solutions for construction
and development. In terms of embedded ANP soluiittasother possible systems to
support decision making in construction and develept, there has been some
research initiatives in the past several years.ekample, the ANP model can be
embedded into an experts system (Chen, 2007a&lsefoote management against
problems happened during either construction oraijma of facilities, and the ANP
embedded solution for such a remote experts sys@srdesigned according to
systemic analysis using cybernetics, which is @alitbol for strategy analysis of
embedded system development. The embedment of AlBthaer related solutions
aims to create synergy environment for higher l@fglowerful decision making, and
ANP can therefore play a crucial role in the chorus

The tenProgressive developmeobnnectors between paired levels in Figure 1
indicate possible routes for research into contesléded topics at upper levels, and it
Is a summary based on literature review of reseiatohANP applications related to
construction and development since 2003. For m&E Applications in this domain,
Figure 1 provides a generic guide in terms of ttepe and distance of research and
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development and can be used as a framework ofefuditployment. However, it has
also been noted that the adaptation of reliable Attidels with quality criteria at
middle level is the connection from basic models\at lower levels to advanced
models at two upper levels, and it is extremelyontgnt to define a set of high
quality criteria in regard to their relevance aedwacy in any specific evaluation led
by ANP.

Based on the review into ANP applications in cargion and development projects,
this paper aims to make a further study on a gesetiof criteria for ANP models,
and this is conducted in a scenario, accordingdbrpinary research into risk
assessment (Chen and Khumpaisal, 2009a&b) anditsc#valuation (Chen, 2008,
2010), that there is a generic set of criteria taat be selectively adapted for any
ANP models for decision making in construction aegelopment. To achieve this
target, this paper first provides a general disoassn the proposed generic set of
criteria against STEEP issues related to constnuetnd development, and then
describes an example set of criteria developedgecific evaluations, led by ANP, in
real projects.

NEEDS OF ASSESSMENT

The needs of assessment or evaluation are obvaoasy construction and
development at different stages of its lifecyclgaiples of various needs of
assessment are summarised in Figure 2. The needsedsment are defined
according to client’s objectives for instance dtetlent construction and development
stages (CIOB, 2002), whilst the contents of assessio fulfil those needs are
defined by the areas of construction project mamasge (PMI, 2003). From a generic
point of view, Figure 2 provides a framework of tieeds and contents of assessment
across stages of construction and developmenthwideveloped according two
leading professional guides for project managenmeoabnstruction and development,
and this makes the framework more meaningful irdaoting assessment tasks for
different projects. As the relationship betweennbkeds and the contents of
assessment is built on general objectives of stdllels and general areas of
management respectively in regard to the charatitexiof construction and
development projects, Figure 2 also reflects treesgty of incorporating a generic
set of assessment criteria for decision-making sostethat all influential factors
could get a systemic involvement in each specggeasment such as project risk
assessment and vendor evaluation and the involvesharfluential factors could be
justified according a selection mechanism suchla@Ihen, Li and Turner, 2008)
against all optional influential factors under agec classification such as the STEEP
regime. In this regard, the STEEP criteria systewnie solution to fulfil the needs of
assessment in construction and development pnojacagement.
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Figure 2: The needs and contents of assessment across sfagesstruction and
development

STEEP CRITERIA

As mentioned above, STEEP stands for Social, Teahritconomic, Ecological, and
Political. The STEEP criteria system is regarded generic form of associated
evaluation criteria, which consist of a set of dt@al evaluation criteria for specific
assessment purposes, and the STEEP criteria réfletit’e aspects of assessment,
which can be adopted with selected sub-critera@ssessment models such as ANP
models. Although all assessment problems can deated by using STEEP criteria,
the set of sub-criteria is different from problesrptroblem under the STEEP
framework in regard to various internal and exteamaracteristics and circumstances
of specific scenario of decision making. Namelys ihecessary to generate a specific
set of STEEP sub-criteria for individual decisiomaking problem. In terms of the
advantages of using the rationale of STEEP critergenerate assessment criteria and
associated sub-criteria to fulfil specific requirams in decision making, it can
increase not only the relevance but also the efiemess and efficiency to format such
a set of criteria.

Generally speaking, factor selection is crucialgard to the accuracy of results in
any decision making. In another word, it is essgnti select a set of appropriate
criteria prior to making a decision-making modélthis scenario is acceptable, it
therefore puts forward a task to define a setitdéra for a specific decision target. In
regard to establish STEEP criteria, a three-stepgss is recommended below:

Step 1. Factor finding
Step 2. Factor evaluation
Step 3. Criteria establishment

50



ANP Models and STEEP Criteria

Step 1 aims to collect a number of factors, whicymfluence the target of decision
making, as comprehensive as possible no matteratteelighly or less relevant to the
problem. In order to find those required factoiterature review and questionnaire
survey are two main methods, which can get befrefit an intended brain storming
process. In regard to the intention of finding@éagroup of factors with
comprehensive coverage to a specific decision ngatlairget, it is not appropriate to
use these raw materials without any further protesgt up a decision making model.
Therefore factors collected from the first stepchebe evaluated.

Step 2 aims to evaluate all factors collected apSt by using a quantitative
measurement process. In regard to setting up STEEPRa, a new evaluation method
is proposed in this paper. It is called STEEP gyasoefficient, which is a

relationship measure of factors to become one &EFTcriteria. Table 1 gives a
further explanation regarding how to use the methddctor evaluation. The scope is
subjectively set up from 0 to 100 for each STEEHila;, and the scope is
accumulated accordingly from 0 to 500 for the t&REEP gravity coefficient for
each factor under evaluation. All profile scores ba subjectively achieved.

Table 1: STEEP gravity coefficient for factor evaluation

STEEP gravity coefficient (GC)

Factors Social GC Technical GC Economic GC Ecological GC Political GC  Total
[0,100] [0,100] [0,100] [0,100] [0,100]  [0,500]

Factor 1

Factor 2

Factor n

Step 3 aims to select a number of factors basdbeototal scores they have got in
factor evaluation In Step 2. It is easily a normvaly to choose factors that have higher
scores to set up a set of STEEP criteria. Dedp&tedasonable measurement
conducted in Step2, there are further two concertise process of criteria
establishment. The first concern is how many facstiould be finally chosen in
regard to the rank derived from Table 1, whilstg¢keond concern is whether it is
necessary to further introduce a mechanism togibher a functional weight to each
factor or a proportion weight to each STEEP prafileegard to the nature of the
decision target, and this leave a way forward ésearch into ANP applications at
level 3 (see Figure 1). Therefore a modificatiothi® results achieved from Table 1 is
given in equation 1 and 2.

S=w GG (1)

S= [/,7GC 2)

J ]
j=1
Wheres is the final score of factor wis the entire functional weight of factoin
regard to the nature of the decision tar@, is the gravity coefficient of STEEP
profilej (jT [15]) subjectively decided by experts using Table 4, Afis the

proportion weight to each STEEP profile in regardhe nature of the decision target.
Theoretically speaking, the selective use of anheftwo equations can make it more
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objective in terms of the relation between factord decision target although all
scores are subjectively given.

AN EXAMPLE ANP MODEL

As summarised in Figure 1, there have been a nuof®&P models developed for
decision making in constriction and developmentsif003. In regard to the use of
STEEP criteria to set up ANP models, this sectiamsdo present an example ANP
model recently developed to demonstrate the fdagibi

In 2008, the Royal Liverpool and Broadgreen Uniitgidospitals NHS Trust
conducted a consultation (Chen, 2008) on plana feew hospital to replace the
Royal Liverpool University Hospital, and the followg two options are proposed for
the future provision of the hospital services imdrpool:

Option 1 - developing a new hospital building niexthe existing Royal
Liverpool University Hospital
Option 2 - refurbishing the existing Royal Liverpainiversity Hospital
A report was prepared accordingly to provide regalh an ANP model for life cycle
value oriented assessment against a set of STHieRacfor the two options.

In order to set up an ANP model for the proposesgsmment between the two
options, it is essential to define a list of asses# criteria and their measurements so
as to facilitate the use of ANP in practice. Inartb improve the quality of decision-
making using ANP, it was noted that the criterindssessment should be
comprehensive and practical with regard to theasusbility requirements for the new
hospital project. In this regard, literature revieas conducted to form an initial list
of assessment criteria as shown in Table 2 to cgeeeral issues related to for life
cycle value oriented assessment. There was notleefievaluation to filter initially
collected criteria. Table 2 also provides relateshsurement approaches adopted to
quantify those criteria, which are prepared for NP model. Figure 3 provides the
ANP model set up based on the STEEP criteria.

CONCLUSIONS

This paper and presentation are prepared for the@¥R doctoral research workshop
2010 on decision making. In regard to the STEEfa and ANP models, this paper
and presentation first provide an extensive revigw different levels of research
accumulated since 2003 when the use of ANP in oactsdtn and development was
originally explored. A framework to guide furthersearch and development in ANP
applications is therefore put forward accordingent research and potentials. The
needs of assessment in construction and develomrethen discussed based on
general needs of stakeholders such as the cl@atgents of assessment across stages
of construction and development are also summanmsetter to clarify the link
between the reasons and the details of assesdmeanddition, this discussion also
aims to clarify the importance of introduce a folset of STEEP criteria for ANP
models. An example ANP model set up for the Royattpool University Hospital
project is used to demonstrate the effectivene$grtifer discussion on details of
STEEP criteria and ANP model construction. In addito a comprehensive review
into STEEP criteria and ANP models in constructod development, this paper and
presentation also leave space to discuss furteeareh into related areas.
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Table 2: STEEP criteria for the Royal Liverpool Universkipspital (Chen, 2008)

Clusters

Nodes

Valuation methods

Social factors

Workforce availability

Degree of\@tper's satisfaction to local workforce market) (%

Cultural compatibility

Degree of business & lif@de harmony (%)

Community acceptability

Degree of benefits fardbcommunities (%)

Public hygiene

Degree of impacts to local pubbalth & safety (%)

Technological factors

Site conditions

Degree dfidifties in site preparation for each specificrp(&o)

Designers and Constructors

Degree of Developégfaation to their professional experience (%)

Multiple functionality

Degree of multiple use tbfe property (%)

Constructability

Degree of technical difficultizsconstruction (%)

Duration

Total duration of design and construcier 1,000 days (%)

Amendments

Possibility of amendments in designcmdtruction (%)

Facilities management

Degree of complexitiesgilities management (%)

Accessibility & Evacuation

Degree of easy accesbquick emergency evacuation in use (%)

Durability

Probability of refurbishment requirements duringdings lifecycle
(%)

Environmental
factors

Adverse environment
impacts

Overall value of the Environmental Impacts Index

Climate change

Degree of impacts to use and value due to regidimahtic variation
(%)

Economic factors

Interest rate

Degree of impacéstdunterest rate change (%)

Property type

Degree of location concentratioh (%

Market liquidity

Selling rate of same kind of pexties in the local market (%)

Confidence to the market

Degree of expectatidhesame kind of properties

Demand and Supply

Degree of regional competiggs (%)

Purchaseability

Degree of affordability to the sakind of properties (%)

Brand visibility

Degree of Developer’s reputationspecific development (%)

Capital exposure

Rate of estimated lifecycle pes 1 billion pound (%)

Lifecycle value

25-year property depreciation 1&g

Area accessibility

Degree of regional infrastruetuusability (%)

Currency conversion

Degree of impacts due toaxgh rate fluctuation

Buyers

Expected selling rate (%)

Tenants

Expected annual lease rate (%)

Investment return

Expected capitalization réte (

Political factors

Political shifts

Probability foapid political shifts (%)

Regulatory Impact

Probability of regulatory impét)
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Figure 3: The ANP model for the Royal Liverpool UniversitysHital (Chen, 2008)
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DEMPSTER-SHAFER THEORY OF EVIDENCE IN
CONSTRUCTION INDUSTRY; APPLICATIONS IN
DECISION MAKING AND RISK ANALYSIS
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Decision making is an on-going task along the ptdjée cycle. Decisions have in
most cases multi-criteria to be considered in e ®f uncertainty. They are also
affecting different stakeholders and different pabjobjectives. Researchers have
researched different decision making theories awe ltome up with different tools
to assist practitioners in making more informatieeisions. There are many Decision
Support Systems (DSSs) available for practitiongrdortunately, in reality they are
rarely used. Instead, practitioners used to refmnitheir personal judgment, past
experience, intuition and gut feeling. The authguas that decision making in
construction industry can be better handled byfeithg an Evidential Reasoning
(ER) methodology based on Dempster-Shafer TheoBvimfence. Incomplete
information and ignorance, which are typical prafden construction industry, could
be better handled by using distributed belief agsests. The limitations of the
existing assessments’ aggregation methods carbalsgercome by deploying
Dempster rule of evidence combination. The authgues that such approach can
help in bridging the gap between theory and practiccan also help in producing
usable DSSs by structuring practitioners’ past 6gpees and focusing on their
believes for making more informative decisionstfa future. An extensive literature
review conducted by the researcher shows thathieidirst time that such an
approach is ever used for handling decision makirgpnstruction industry.

Keywords: decision making, construction project, evidemt&dsoning, D-S theory of
evidence, Dempster rule of evidence combinatiost egperience, belief & gut
feeling

INTRODUCTION

Construction industry has a very risky and compiature. Risk is associated with
every project and each process and decision thouidghe project life cycle (BS IEC
62198:2001). Along the project life cycle (PLC) th@are many decisions to be made.
Unfortunately, the most crucial ones are to be madlee early stages where very
limited precise information is available to suppibe decision maker. Gradually more
information become available and uncertainties es®. Having appreciated that,
researchers have worked hard to create modelseisiah support systems to
support the decision makers in the critical eatrdgss. They have focused their works
on main decision making tasks like: bid/no bid, kaap estimation, project cost and
duration estimation, contractor/ subcontractor idyiay and project risk analysis and
assessment. Several DSS development techniquedéanaised in construction
industry. The choice of an appropriate techniguygedds mainly upon the difficulty at
knowledge acquisition, required data, explanatapecity, difficulty at development
and the appropriate domain (Baloi and Price 2003)zy Set theory (FST) and the
Analytic Hierarchy Process technique (AHP) are esiteely used for dealing with risk
assessment and decision making in constructiorstngdurhey have been used by many
researchers like: [(Lat al 2008), (Zenget al 2007), (Zhang and Zou 2007), (Mahdi and
Alreshaid 2005), (Shangt al. 2005), (Al-Harbi 2001), (Leet al 2001), (Carr and Tah 2001),
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(Ziad and Ayyub 1992)]. Both FST and AHP have tloein limitations. Although there is no
best theory of uncertainty (Baloi and Price 20@i3¢, author argues that decision making
under risk and uncertainty in construction industm be better handled by following
an Evidential Reasoning (ER) methodology based empster-Shafer Theory of
Evidence. Iwill be more suitable for decision making and rislsessment in construction
industry in which practitioners are mainly depemgdam subjective probability and personal
judgment.

In addition to the technical limitations of any @&en making methodology, there is a
question about its usability and popularity amoragptioners. There are many Decision
Support Systems (DSBavailable for construction practitioners. Unfaréely, such
DSSs are not widely used. The usual practice, hewévto make decisions on the
basis of intuition, derived from a mixture of geefing, experience, and guesses
(Ahmad 1990). The author believes that this redldy to stimulate efforts towards
producing more applicable and usable DSSs. Besigeliability and the accuracy
of the obtained results, practicality of the DS8jal includes the users’ perspectives
and their experience, should be a main featurepSS.

In this paper, the author is aiming at illustratthg suitability of using Dempster-
Shafer theory of Evidence to handle the task ofsiat making in construction
industry. First of all, there will be a brief summef the limitations, as stated in
literature, of the widely used FST and AHP for deam making in the case of
uncertainty. This will identify the required feadsrof an alternative approach in order
to be an original contribution and a vital alteimatto the existing ones. Then, there
will be a separate section for highlighting the nseof the proposed methodology and
its specific features, advantages and possibledtrans.

THE LIMITATIONS OF FST AND AHP

FST and AHP have been widely used by researchextseampt to tackle the problem
of ill-defined and ill-structured problems of daois making and risk assessment in
the presence of subjectivity and lack of precigermation. These two techniques
have shown accepted performance. However, theythaireown limitations and
shortcomings.

The limitations of FST

According to Dikmeret. al (2007), FST provides a useful way to deal wikh il
defined and complex problems in a decision-makimgrenment that incorporates
vagueness. However, they claimed that one of theores why FST is not widely used
in practice may be attributed to its computatia@hplexity. Kangari and Riggs
(1989) mentioned another three limitations of tisd FThese limitations are:

1- a problem of how to assign the membership valuesfozzy set to represent a
linguistic variable. The author believes that ghieblem reflects the difficulty
in interpreting or understanding the actual meamhgnguistic variables by
different people. It is by itself composes anofilienension of uncertainty.

2- A of how to perform arithmetic operations

3- And a problem of associating the final fuzzy seaiseries of calculations with
a linguistic variable. They mentioned that a gelhersed technique involves
calculating the Euclidean distance between theyfiset under question and a
set of benchmark fuzzy sets. The fuzzy set undesttpn thus takes on the
linguistic characteristic of the closest of the tamark fuzzy sets.

Tah and Carr (2001) mentioned the limitation of R#¥en aggregating assessments.
The existing methods produce an average assesshhengveraging methodology
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may not be suitable for producing reliable oveaabessment. The author believes that
this limitation in FST is very critical especialyhen the decision making aim is, for
instance, not to assess a risk by itself but tesssthe risk level of a project as a
whole. Hence, there is a real need for a suitadpgesyation rule to suite the decision
making task and not to only average the initiabasments.

The Shortcomings of AHP

In one of the earliest attempts to use AHP in goesibn industry, and the first use of
it specifically for assessing construction risk,d¢hfa and Al-Bahar (1991) applied
the concept of value and weight in AHP for assegsesk probability and impact.
They found it providing a valuable support for dgmn making process especially
because of the systematic thinking environmentféred. However, they mentioned
two concerns regarding the efficient usage offthese concerns are:

1- Building the hierarchy with (7 £ 2) elements undery node in order to
preserve consistency as recommended by the fowfd&HP himself. This
raise a question of how to handle cases where timeber of elements is
greater than 9. Mustafa and Al-Bahar (1991) illatgtd a solution to this case
by grouping the elements in clusters and then mgrghese comparable
clusters.

2- The number of judgments required to derive relapverities. It seems that
AHP needs (n - 1) judgments to relate one elemenheé remaining (n - 1)
elements. From these judgements, one can consiiiumther comparisons by
forming ratios. This approach could be used whesessng tangible criteria.
However, when one is dealing with intangible crdeit is much difficult.
Mustafa and Al-Bahar (1991) argued that in sucleucirstances, one is no
longer certain of the precise correspondence ostirength of a judgment to a
numerical value, which represents that judgment,hedshe is certain of the
judgment itself.

According to Sen and Yang (1998), the large nunob@rdgments required often
causes inconsistency problem. Belton and Stew@@2Rargued that conducting
sensitivity analysis in AHP is not practical beaao$ the huge number of judgments
involved and also because of the use of eigenvewttiod to derive preference
vectors.

These concerns have been mentioned be researatrardlHP practicality point of
view. However, there are other concerns from thexaiepoint of view. According to
Belton and Stewart (2002) one of the concerns atneufHP is the Rank Reversal
Problem. Rank Reversal refers to the fact thaentamn situations, the introduction of
a new alternative which does not change the rahgatoomes of any criterion may
lead to a change in the ranking of the other adtitvas (Belton and Stewart 2002). Xu
and Yang (2001) argued that when new alternatives@ded to AHP, the
assessments done on the old alternatives havedisdsrded. A new assessment
procedure has to start from the beginning, takimg account the whole alternatives.
Belton and Stewart (2002) stated that some conde&wvs been expressed in literature
concerning the appropriateness of the conversmm femantic to numeric scale used
to measure the strength of preference. Accordirtgem, the general view, supported
by experimental work, seems to be that the extneongts of the scale defined
semantically as “absolute preference” is more cest with a numeric ratio of 1:3 or
1:5 than the 1:9 used in AHP. Sen and Yang (1998)timned another theoretical
limitation of AHP. According to them, AHP has a itation as it implicitly assumes
that elements at any single level in the hieraekgept the bottom one, the
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alternatives, are preferentially independent. Téigyied that an evaluation of an
attribute in real MCDM problem may most probablpded upon the achievement
level of other attributes.

D-S THEORY OF EVIDENCE IN CONSTRUCTION INDUSTRY:
D-S Theory of Evidence

The Dempster-Shafer theory of evidence was eshaaliby Shafer (1976) for
representing and reasoning with uncertain, impeearsl incomplete information
(Smets 1988). Dempster proposed his new systeraading with uncertainty because
of two shortcomings he saw with probability theory:

1- the difficulty of representing ignorance. In pability theory, ignorance is
represented by assigning equal prior probabiltbesll events which is surrounded
with difficulties and limitations. In such represation, there is no distinction
between randomness and ignorance.
2- the requirement of subjective belief in an eveemd its negation to sum to one.
Dempster claimed that in many situations evidemeg supports one hypothesis
should not necessarily decrease the belief intakrs (Dempster 1969). In D-S
theory, there is no requirement that belief not cotted to a given proposition
must be committed to its negation. This makes tia @llocation of belief can
vary to suit the extent of knowledge of the decisiwaker.
According to Denoeux (1999), D-S theory of evidedistinguishes between
uncertainty and ignorance by introducing beliefdiions that satisfy axioms that are
weaker than those of probability functions. Thusjpability functions can be looked
at as a subclass of belief functions, and the thebevidence reduces to probability
theory when the probability values are known. Ididn, the theory of evidence
provides appropriate method, Dempster rule forawe combination, for computing
belief functions for combinations of evidence.

Liu et al (2003) summarized the advantages of the DempsiaieStheory as follows:

1) It has the ability to model information in aXiele way without requiring a
probability to be assigned to each element in a set
2) it provides a convenient and simple mechanisran{pster's combination
rule) for combining two or more pieces of evidenoeler certain conditions.
3) It can model ignorance explicitly.
4) Rejection of the law of additivity for belief gisjoint propositions.

Liu at al (2003) also listed the disadvantages of the DeSrthas follows:

1) The theory assumes that pieces of evidencenalependent which is not
always reasonable to assume independent evidence.
2) The computational complexity of reasoning witkine D-S theory could be
one of the major points of criticism if the combtina rule is not used properly.
3) D-S theory only works on exclusive and exhaessiets of hypotheses.
As mentioned earlier, there is no best theory talle@uncertainty. D-S theory of
evidence is, in comparing with fuzzy set theory prmbability theory, richer in terms
of semantics. It allows an expression of partialkledge. However, its main
shortcoming is the elicitation and interpretatidrbelief function (Baloi and Price
2003).
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Evidential Reasoning for decision making in constration industry

The ER approach is the latest development in (MCax&a (Yang 2001). It is based
on D-S theory which is powerful evidence combinatiole and well suited for
handling incomplete uncertainty (Yang and Singh4)98 uses an evidence-based
process to reach a conclusion which differs fraaitronal MCDA methods (Xu and
Yang 2005). Also, ER approach is different from tramventional MCDM
modelling methods in that it employs a belief stowe to represent an assessment as a
distribution [(Xu and Yang 2001), (wang and EIh&§?2)]. It uses an extended
decision matrix, in which each attribute of an i#dive is described by a distributed
assessment using a belief structure. Each beligftate in the belief decision matrix
can be transformed into a basic probability assgmniBPA) by combining the
relative weight of the criterion and the degreebeilfef. Each BPA is viewed as a
piece of evidence. The pieces of evidence are guesély combined into an overall
BPA by the Dempster’s rule of evidence combinafMfang and Elhag 2007).

In the extended decision matrix, each attributaroélternative is described by a
distributed assessment using a belief structureapxiYang 2001). Hence, each
figure in a decision matrix is actually a distribdtassessment, i.e. a set of figures.

For example, Suppose there is a decision makingigmowithM alternativesAi

(i=1, ..., M), to choose from anM criteria,Cj (j=1, ..., N) to consider. The
assessment of each alternative according to differgeria is to be conducted using,
for instance, four evaluation gradés= {G1, G2 , G3, G4 }These grades are to be
deployed in each cell of the decision matrix tovmte the distributed assessments.

Hence, the assessment of an alternaiiy@na criterionC1 can be represented using
the following belief structure:

S(AL(C1)) = { (b11,G1), (b12,G2), (b13,G3), (b14)B4

Whereb11, b12,b13,bl4re the degrees of belief that the alternatites assessed to
the evaluation gradésl, G2, G3, G4vhen considering the criterid@l. These
degrees of belief are expressed by the decisiorenaid the value of each of them
fall in the rang [0-1].

The author argues that amidence-baseMCDA framework could provide better
alternative to the widely used AHP and FST. Morepkiaving reviewed the
literature, the author argues that till now an Rraach based on DST has never
been used for decision making in construction itrguswvay from one research for
gualifying contractors conducted by Sonne¢al (2001). Such approach will have a
maximum deployment of the cumulative practical eigrece of the decision maker.
These feature will satisfy the practitioners argpond for their aspirations. It can be
an original contribution to knowledge and a stepverd in the field of decision
making in construction industry.

CONCLUSIONS AND COMMENTS ON THE ER APPROACH
BASED ON DST

To summarize, the existing tools for supportingisiea making in construction
industry have not fully appreciated the specialirebdf this industry. The available
tools or theories maybe very attractive howeves, gbecial nature of construction
industry and the type of decision making taskd nequire different approaches.
Personal experience, gut feeling and intuition gté key methodology adopted by
practitioners. The author argues that researcless to satisfy these stakeholders by
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providing usable tools based on sound theoretiasé®. The author argues that an ER
approach based on D-S theory of evidence couldtbkergsponse to these aspirations.
The author believes that the illustrated approachsophisticated and detailed one
which can provide a very accurate and reliable tosluite the ever growing
complexity in construction industry. Besides thegpaetric picture of the obtained
assessment, an average assessment score canyel#asied by applying weighted
averaging operations. The number of evaluationega@an be determined according
to the complexity of a project and the level ofailed analysis required.

Although it looks very effective way for capturiageliable assessment, the author is
concerned about the usability of the proposed ampraue to large number of
required assessments and inputs. This issue s deddt with by making a fair
compensation and trade off between accuracy arafiqadty.

Other concerns may be raised by experts or prarwgits when the approach is tested
with real cases. The researcher is aiming to dssthus approach with experts in order
to get their feedback. Moreover, he is planningdopt the case study research
methodology in order to validate and test the apgindoy applying real cases with
practitioners in construction industry. It is vényportant to get the feed back of the
practitioners and to respond to their concerngdeioto achieve the ultimate aim of
this research project which is trying to help irdgmg the gap between theory and
practice in construction decision making and riskessment.
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