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FOREWORD

Welcome to Reading for the 29" edition of the Association of Researchers in
Construction Management’s annual conference. After our very successful event in
Edinburgh, Scotland in 2012 we return to England and to Reading for the second
time in ARCOM'’s history. In 1998, ARCOM held its 14™ conference at the University
of Reading and now, 15 years later, we return.

The conference initially attracted a very high amount of interest, possibly the
largest ever, with more than 350 abstracts submitted. But we are fortunate at
ARCOM that we are able to focus on research quality and, after an intensive three-
stage review process over approximately five months the Scientific Committee
determined that 126 papers were finally acceptable for inclusion in these
conference proceedings.

I have made a big point about ‘quality’ over the last 18 months in my time as both
conference editor and ARCOM chair. ARCOM has matured over 29 years and we are
able to shift our attention not just from supporting and showcasing the very wide
range of research that is undertaken in the development, delivery and maintenance
of the built environment but now to promote excellence in the design, execution
and reporting of research. | should emphasise the word ‘research’. Not only is it a
key part of this organisation’s name but it is something that ARCOM above all else
wants to promote. This means that every paper in the proceedings should be the
result of work that has attempted to increase our understanding and knowledge
through a process of rigourous and systematic investigation.

Of course the type of work that constitutes systematic and rigorous investigation
comes in many different forms. This to me is what makes the research on our field
so exciting and vibrant — we are the product of a vast range of disciplines, of
methods and methodologies and of problems and applications. The result is that
the proceedings you hold contain papers on very empirical and positivist numerical
simulations that rub shoulders with works of a much more interpretive and
constructivist nature. This ontological and epistemological diversity is something
that is rarely seen in other fields.

And as we turn to the venue for this year’s conference we can reflect on how this
diversity has matured and changed in the fifteen years since our last outing in
Reading. | have just picked up the proceedings from 1998, edited and prepared by
Professor Will Hughes, and am struck by the quite clear shift from a predominance
of numerical and objective work in 1998 to more interpretive and discursive nature
in 2013. Both types of work are in evidence at each end of these fifteen years but
the balance has changed. It is interesting to note, however, that some of the same
subjects of investigation have remained. We see works on procurement processes,
on innovation and on decision-making in the design process. We see such general
areas of Information Management, Procurement and Risk remain. But of course we
also now see the new or more highly developed subjects of Sustainability, Health
and Safety and Building Information Modelling, subjects that were simply not
conceived or were not the focus of attention. Perhaps most satisfiying though, as |
look at the Table of Contents from the 14" conference, is that many of the authors
from then are also authors today. Some names are very familiar to us and some
have shifted from ‘first-author’ to second or third, which of course in our field
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implies they have moved from PhD student to Supervisor. And, to conclude, this is
perhaps the most lasting legacy of ARCOM, that it is an arena for support and
development, for sustained progress and tenacity of investigation, and maintains a
core of enthusiastic and highly motivated people that should ensure that in 2028,
at ARCOM'’s 44" Annual Conference, similar reflective observations will be made.

| shall plagiarise myself from 2012: go forward and enjoy. Engage in debate, make
new friends, renew old acquaintances, advance and further our field and have a
good time doing so!

Dr Simon D Smith and Dominic D Ahiaga-Dagbui, University of Edinburgh, UK
ARCOM 2013 Conference Editors
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SUPPORTING FUTURE-PROOF HEALTHCARE
DESIGN BY NARROWING THE DESIGN SPACE OF
SOLUTIONS USING BUILDING INFORMATION
MODELLING

llias Krystallis', Peter Demian and Andrew D.F. Price

! School of Civil and Building Engineering, Loughborough University, LE11 3TU, Loughborough, UK

BIM has been characterized by the UK Government’s chief construction adviser as
unstoppable regarding its rise in construction and he further positioned BIM as
mandatory for public projects in the UK by 2016. Moreover, large scale public
projects such as healthcare facilities must be seen as a process, being able to meet the
constantly changing demands imposed on healthcare infrastructure. Facilities should
be designed as change-ready rather than to meet fixed requirements, therefore, the
designer should accommodate as large section of design space potential solutions
instead of mistakenly narrowing the response of the project to only one solution.
Scenario based design was employed as research and design method for the proposed
software modules which would extend the Activity Database (ADB). Two modules
are proposed that will enable designers to improve their spatial design decisions for
both new and refurbishment projects through partially automated knowledge
extraction. Additionally, the integration of flexibility and standardisation concepts has
been addressed. The proposed design approach is intended to provide rich knowledge
representation at the early stages of the design process in less time and effort.

Keywords: decision theory, healthcare, information extraction, information
technology, standardisation.

INTRODUCTION

The UK Government and industry provides standards and guidance for the design and
construction process of healthcare facilities in order for the design process to address
the needs of all the stakeholders (patients, medical staff, owners etc.) by defining
procurement methods (NHS 2011), construction strategies (Cabinet Office 2011),
overlay plans of work (RIBA 2012), and technologies to be used (CIMCIG Admin
2012). These result in more standardised processes and products. Additionally,
programmatic requirements and best practice for the design of healthcare facilities are
provided through Health Building Notes (HBN), Health Technical Memoranda
(HTM), Activity Database (ADB) and in the DH Schedule of Accommodation.
Additionally, the Department of Health commissioned the Procure21+ framework "to
improve the procurement process for publicly funded schemes and create an

Li.krystallis@lIboro.ac.uk

Krystallis I, Demian P and Price ADF (2013) Supporting future-proof healthcare
design by narrowing the design space of solutions using building information
modelling In: Smith, S.D and Ahiaga-Dagbui, D.D (Eds) Procs 29" Annual ARCOM
Conference, 2-4 September 2013, Reading, UK, Association of Researchers in
Construction Management, 3-12.
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environment where more value could be realised from collaboration between NHS
Client and Construction Supply Chains” (NHS 2011).

In cognitive science, parallels have been frequently drawn between design and playing
chess. Conceptual design has long being recognised as an ill-defined process (Reitman
1964, Simon 1974). An early design problem does not have a clear statement, the
constraints are not clearly defined but fairly general objectives are set which leaves
the designer with large choice of solutions representing a chess-like design approach
which "is rather like playing with a board that has no divisions into cells, has pieces
that can be invented and redefined as the game proceeds and rules that can change
their effects as moves are made™ (Lawson 2004: 20).

Global austerity measures are causing reduction of investments in all sectors, and the
construction sector is no exception, however, owners are seeking other ways to
overcome the financial crisis by investing in the application of the sustainability
agenda; and for a building to be sustainable designers recognise that it has to also be
flexible and adaptable (Krygiel and Nies, 2008). Yet, introducing sufficient flexibility
to future-proof the design of healthcare facilities is still a rather abstract process.
While a specialized (mostly architectural) body of research has identified various
types of flexibility that a facility can satisfy, there is little research regarding how this
can be captured in the design process through design standardisation.

Design standardisation can help to make flexibility quantifiable. With BIM
technology there is potential to increase the procedural designer's knowledge to
manage, apply, edit and test "chunks" of design information; rather than manipulate
meaningless lines as one used to do in using previous CAD systems. The proposed
design methodology is focused on two design aspects: to allow the user to test, during
the conceptual stage, "what if scenarios™ for future refurbishment in order to better
future-proof the project; and to allow an automated comparative analysis to take place
in existing refurbishment projects between an existing space and proposed alternatives
in terms of cost, timescale duration and best matching attributes. Adoption of the
proposed design methodology will allow parts of conceptual design to be standardised
and automated in terms of narrowing the design space of solutions while better
exploiting the power of IT. Eventually, this will allow testing more "what if scenarios”
in significantly less time and with less effort. In this paper the theory underpinning the
proposed design methodology is described whereas in the next phase this concept will
be tested in various case studies.

Literature Review
Theories in Layout Planning

Different cognitive processes may be used to generate spatial layouts. Eastman (2001)
described two extremes for design generation. The first extreme is external
representation, where the design is composed and refined by the designer by
controlling the symbols and structure of it. The other extreme is internal
representation, where the designer builds up the design in his/her head until it satisfies
the set criteria and then proceeds to the external representation. Recent advances in
research seek to understand how the design process unfolds, and the role of computer
systems in that process. This often leads to the design of human-computer interaction.
Two paradigms describe two different worldviews: the computer-supporting-human
paradigm and the computer-controlling-human paradigm. The latter, often referred to
as emulating design (Cross 1999) can be compared to the computational process that
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chess-playing machines adopt. Efforts to adopt such a process failed in the history of
design cognition. The example below can best describe such efforts.

In the mid-90s, a project "Can a machine make aesthetic judgments?” (Glaze et al.
1996) aimed to establish rules of aesthetically "bad™ design since the research team
concluded it was not possible to establish rules of aesthetically "good" design. The
researchers collected amateur designs and submitted them to expert graphic designers
to critique them. The team subsequently converted the comments on the "bad" design
features into "rules”, and later the team tested these rules by using themselves as
"human-computers" (i.e. the team followed the instructions in a machine-like way).
Finally, the team applied the rules to a new sample of drawings and compared the
"machine" results with those of the human experts' critiques of the new drawings. The
interesting point was that only a small number of rules could be applied to the new
sample in order to eliminate common "bad" design features. What was even more
interesting was that even the experts were found to be inconsistent in applying their
own rules. The explanation given by the expert designers was that though the "rules"”
were correct, their applicability was not a standard in every case.

This experiment presents the notion that there are some things such as "aesthetic
judgments” (or for the purpose of this study "flexibility judgements™) in design where
the "human attribute™ cannot be emulated by the computer to a satisfactory degree.
Consequently, there is a need to understand why people design first rather than try to
automate how they design (Cross 2001). The first paradigm, often referred to as
supporting design, accepts the computer to be the agent where, instead of controlling
the design process it supports the thinking of designers by providing different
capabilities, such as being web-based, learning and/or being pro-active (Lawson 2005)
and that envision brings BIM into discussion.

Parametric Object-based Modelling

IT and specifically design computing has increased users' expectations. Parametric
Object Modelling (POM) is linked to creativity in architectural practice and as the
results of the survey by Ahmad et al. (2012) suggest, POM has the potential to
enhance the whole process of design decision making and problem solving. POM
engines use parameters to determine the behaviour of a graphical entity (the object)
and define relationships between other modelling objects.

Object CAD technology may provide the same graphical and geometrical
representation output as a parametric building modeler; but that does not mean that the
information of the CAD model will be as rich as in the BIM model. "Current file-
based CAD and object CAD tools may be used to some degree to support BIM, but
require myriad supporting technologies and the aggregation of information across
diverse, independent applications™” (Autodesk white paper 2007:5). As a consequence,
CAD and Object CAD technology cannot offer real time coordination (simultaneously
updating a change in all views of the model) when a change in the design occurs and
as a result integrity and confidence in decision making are put to question (Autodesk
white paper 2007). POM offers a whole new approach to design, beyond CAD and
Object CAD. For example, instead of capturing a wall by a set of lines using standard
tasks such as offset, mirror etc., the designer can create an object by choosing it from
a predefined library of object classes and instantiating that object. This parametric
design paradigm has led to the creation of a library whereby whole healthcare rooms
can be inserted into a design model, with their objects attributes, engineering
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requirements and clinical functions through the Activity Database's (ADB) add-on for
BIM platforms.

The ADB add-on for BIM platforms

The ADB toolkit (first introduced in 1970s by the Department of Health (DH), the
Social Services and in collaboration with the Regional Hospital Boards) contains
information intended for use by healthcare estates and facilities professionals. The
database comprises information regarding departments, rooms, assemblies and
components and can be used in both the initial stages of the project, as well as in later
stages (detailed design). Through ADB, the DH provides design standards that satisfy
the department’s requirements. The ADB add-on for BIM software allows the designer
working in a CAD or BIM environment to insert a room with all its components
directly in the layout. There is a list of all departments and all room types. It allows
the designer to check the BIM model against the ADB Project Database. This
automatically checks the room'’s equipment and if there are any mismatches the
software will highlight them on the layout. Additionally, the designer can create
schedules out of the layout in terms of room schedule or in terms of room equipment.
Additionally, the existing ADB information architecture represents all rooms using a
clear and precise set of attributes (ADB add-on white paper 2012).

During design, the designer can manipulate data of more than 1200 room variations —
a vast amount of information to be managed, the add-on does not offer a method that
will limit the design space of solutions within the BIM system. The designer is
expected to exploit processes outside the BIM environment, such as retrieve
information from previous projects, or to rely on his/her previous design experience or
other design precedents (Lawson 2004) to identify possible solutions. This research
offers insight to narrow the design space of information management where the
system offers partially design knowledge according to the designer's preferences.

METHODOLOGY

Two modules are proposed to extend the ADB add-on that will enhance the
information extraction experience within BIM. Scenario based design (SBD) was
employed as method to develop the proposed modules. The modules extend the ADB
add-on by: organising attributes of rooms and components into categories and
subcategories, and sorting solution spaces based on the cost of applied changes or by
the time they need to be fulfilled or by the number of attributes/filters that are
satisfied. The two modules are described on the following sections. Due to limited
space, only one refurbishment problem scenario is presented here. Problem scenarios
referring to "what if scenarios"” for testing future refurbishments during conceptual
design are not discussed in this paper. Problem scenarios are the means to describe a
user's engagement and her interaction with the system and "a key result of requirement
analysis" (Rosson and Carroll 2002: 12).

Problem Scenario: The healthcare estates manager and the owner of "Town A
Hospital" want to change a clinic's utilities room because it is of no use to the staff.
They first open the BIM model to check whether the design team that built the facility
some Yyears ago included in the study any alternative scenario for the space in question
but they do not find such information. They want to substitute the existing space with
another space but they do not know what the best options for that particular space are,
so they communicate with company X that has established its name in the field of
healthcare design. Alex, who works for company X, receives an email with the BIM
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model of the healthcare facility for which an alternative layout was requested. She
opens the BIM model and wonders about the choices she has to change the space in
question to another space. She refers to the ADB room database but she gets stuck as
there are more than 1200 room variabilities that she needs to check against the
existing space. She then goes to Bob, the senior designer and asks him based on his
experience working on previous healthcare projects if he ever faced a similar task of
alteration of a space with analogous requirements. Bob tells her to open the file of
"project B" they worked on 3 years ago.

Alex goes through the files of the project and she finds the original layout and the
revised refurbished layout. She sees in the first layout a room similar to the utilities
room in her current project that was later changed to another room type, but she
cannot find what made this choice the best available solution so she goes back to Bob.
Bob tells that was the option the owner preferred from a list of space solutions
provided to him. Bob then forwards her an Excel spread sheet where the problematic
room was checked against other rooms based on a list of engineering requirements
(such as cost of refurbishment, clinical functions, environmental conditions, area
constraints, duration of change etc.). Alex opens the file and marks down the
nominated rooms and their cost refurbishment and forwards the file to the healthcare
estates manager to decide what room is more suitable for the hospital's needs and
budget.

THEORETICAL FRAMEWORK FOR FUTURE-PROOFING THE
CONCEPTUAL DESIGN PROCESS

The discussion of this section presents the theoretical framework upon this study was
based (Figure 1). The goal of narrowing the design space of solutions emerged from
the concepts of decision making in design. Simon (1996) described design as a
problem itself that requires answers. According to Newell (1979:5) "a problem space
consists of a set of symbolic structures (the states of the space) and a set of operators
over the space”. Additionally, there is no linear process from problem to solution
(Lawson 2004) and since there is more than one problem spaces (Newell 1979) design
seems to be the only means to drive to "satisficing™ solutions (Simon, 1996).
Krishnamurti (2006) described a design space as the sum of the problem space,
solution space and design problem.

The problem space is shaped only by the potential solutions that satisfy the established
requirements. The solution space on the other hand is formed by all potential solutions
for a given design problem. The design process consists of procedures used to develop
candidate solutions from requirements. Akin (2001) analysed the design process as the
sum of the design knowledge and design strategy, where strategy refers to the search
the designer carries out and knowledge stands for all the means the designer uses to
represent the multiplicity she needs and finds useful. Such representations could be
the designer's actions, processes, design states etc.

Moreover, Fricke (1996) categorised strategy into Function oriented, where the
designer focuses on one problem area, solving it from abstract to concrete level and
then continues to seek answers to the following problems, and Step-wise process-
oriented, where the designer considers all the relevant problem areas and holds a more
abstract level of solutions before becomes more concrete. Regarding knowledge, from
on-going research (Ahmad et al. 2013) it is recognised that "satisficing" healthcare
design solutions will emerge from the application of flexibility, design standardisation
and the information management abilities of BIM.



Krystallis, Demian and Price

Application of Future-proofing Conceptual Design Process

Having discussed, in the previous section, the concepts driving the proposed process,
the application have been discussed in this section (Figure 2). As previously
mentioned, there is more than one design problem; consequently, for the design of
healthcare facilities, such problems regarding information could be caused by many
factors, for example: the information the design team receives from the brief with the
client and the information the design team receives from computer systems, such as
the vast information that is contained within the ADB add-on (Stage 1).
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Figure 1: Theoretical framework-future-proof Healthcare design by narrowing the design
space of solutions.

Future-proofing healthcare design towards "satisficing"” solutions within BIM is
achieved by adopting a function-oriented strategy, e.g. solving one problem (room or
space) at a time (Stage 2). Automated design knowledge, the other component of the
design process, is exercised by investigating two space attributes: flexibility and
design standardisation (Stage 3). Design standardisation is applied in terms of
managing the vast information that exists within the BIM system and BIM attributes
are classified based on numerical and textual values. The BIM system identifies
common information that is contained within the ADB rooms, such as attributes with
the same textual values (e.g. Type A carpet) and numerical values such as width of a
room. This process allows the grouping of ADB attributes into category filters and sub
filters (Module 1). From literature, it is concluded that flexibility is clarified as the
total force of two other forces-effects. The identified relationship between these two
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effects can be analysed with change effect being the independent variable and
timescale duration effect being the dependent variable. Slaughter (2001) categorised
flexibility in regard to change and three categories emerged, namely change in
people/flow, spatial change and structural change. Alternately, De Neufville et al.
(2008) categorised flexibility in regard to time, hence the three categories that emerge
are short-term, mid-term and long-term. The three stages of change effect provide
knowledge regarding the duration of a substitution of two spaces. For example, a
change from Type A Office to Type B Office can be short term if involves only a
change of people. On the other hand, if it evolves demolition of walls to extend the
area then it is a spatial change (Module 2).

Another way to measure the proposed alternative solutions is to assign refurbishment
costs to substitutions between the existing space that is nominated to be substituted
and the proposed alternative solution spaces that emerge from Module 1. For example,
the utilities room that was to be substituted would be checked against the list of rooms
that emerge from Module 1 (Stage 3a) and then the user will prompt the computer to
sort out the alternative list of solutions from least expensive to most expensive
substitution. Therefore, the independent variable this time is change effect and the
dependent variable is cost effect (Module 2).

The mechanisms that emerged from the function oriented strategy and the automated
design knowledge drives finally towards a space of solutions, that is a list of proposed
ADB rooms that results to a narrowed design space of satisfactory solutions (Stage 4)
and finally the design team along with the owner of the project can conclude in
choosing the most effective alternative spaces that emerge through the aforementioned
process.

Modules for Supporting Design Space

The existing ADB information architecture represents all rooms using a clear and
precise set of attributes. In a BIM model, ADB information is captured within the
rooms or the components of the rooms. The two modules described below were
developed to address the issues that emerged in the problem scenario where Alex the
designer was struggling to find a quick and reliable solution as she could not handle
all this vast information that was contained within ADB. The first module is the
option to categorise attributes based on what they represent. For example, the spatial
category will include the subcategories, length, width, height, area and volume. The
user will be able to choose one or more subcategories of that category, so that when
the query search presents a list of results, only spaces that satisfy all the preselected
options will appear. Through that action the user can filter the vast amount of
proposed rooms that is available in the ADB database. For instance, Alex might want
to keep the same flooring material (material attribute) and the medical equipment
(components attribute) to the room the estates manager wants to substitute, so she
clicks only on those filters that satisfy the briefing requirements. She then runs the
query and only rooms with the same selected attributes will appear as possible
solutions. That means that the designer has to be careful about what filters apply
otherwise the results will not satisfy the brief requirements.

Module 2 allows the user to compare the items (rooms) which are proposed by the
first module against three criteria: cost of change, timescale of change and best
matching attributes. One way to test which option fits best is to consider the cost of
converting the existing room type to the proposal being considered. Cost of changes
can be assigned from a database that will contain cost linking data of rooms. The



Krystallis, Demian and Price

database would contain data that derive from the following procedure: the existing
room will have to be checked against all other proposed rooms in terms of
refurbishment changes. No actual costs will be provided as detailed costing can only
emerge in detailed design, instead a matrix will be created that will contain cost
factors among changes of spaces. The matrix can be pre-computed and then the
database can be inserted in a BIM platform e.g. Revit though the Revit API. Beyond
cost, the second criterion to consider when assessing nominated spaces would be to
estimate how much time will take for the refurbishment to be completed.

STAGE 1: Identification of STAGE 2: Determination of STAGE 3: Supported Automated STAGE 4: Provide Solution
Problem space Function oriented Strategy Design Knowledge space
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Figure 2: The process of narrowing the design space of solutions in a BIM add-on to the
Activity Database (ADB).

As discussed earlier, flexibility is analysed in a change frame format and in a time
frame format. Another database can be created therefore to provide knowledge
regarding the duration for a change to be completed. The ADB room coding list
(Department of Health, 2012) contains information of the room categories and sub
categories. These room subcategories are further analysed into room variabilities. The
tree map hierarchy of the ADB room coding list will provide the first knowledge
about the factors of duration regarding a change. Due to shallow structure of hierarchy
a further analysis will be applied, in other words a change will be assigned to one of
the three aforementioned types of changes and then further categorised to short, mid
or long term change and using First Order Logic the process can be automated. Lastly,
the third option to sort out the proposed alternative solutions is by ranking the items
regarding how many filters and sub filters are fulfilled. Hence spaces that fulfil all
selected filters will appear on a higher rank than spaces that fulfil fewer filters. The
proposed Human-Computer Interface experience is based on the principles of the
aforementioned theoretical framework.

The first module applies principles/notions/concepts from the function oriented design
strategy as described by Fricke (1996), and the need to support knowledge extraction
within conceptual and refurbishment design through design standardisation. The
second module applies rules from the concept of flexibility (change frame vs. time
frame and change frame vs. cost frame).
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CONCLUSIONS AND FUTURE RESEARCH

Previous attempts to apply design standardisation and emulate standard design
processes failed to provide satisfactory results or have not yet matured to address the
problems that emerge during conceptual design. Some designers adopt top-down
processes whereas others prefer bottom-up processes (Lawson 2005). Construction
projects are becoming more and more complex, and the amount of information the
designer is expected to handle is exhausting. Therefore, information extraction
becomes more important than ever. This research presents an innovative method to
extract spatial information that usually needs to be extracted manually by the
practitioner when making design decisions. The proposed design methodology
narrows the design space of satisfactory solutions by integrating the concepts of
flexibility and design standardisation. This is based on three approaches: consider the
cost of making a space change, providing knowledge regarding which alternative
space is more cost efficient; consider the duration needed for a change, providing
knowledge regarding which alternative space is more time efficient; and provide
knowledge regarding which of the proposed alternatives satisfies the most criteria-
filters that have been set by the user, based on existing ADB metadata. These three
approaches become criteria in the ADB add on for BIM to sort out proposed solutions.
These proposed solutions emerge after introducing design standardisation in ADB
rooms via extracting the information they contain. This is achieved by automatically
identifying common design components and attributes. Finally, the parameter of
inserting cost links and timescale duration links within the ADB rooms applies value
engineering at the early design stages of the project.

Further on-going research will provide adequate support for the proposed modules.
Both aforementioned modules need to be developed and tested in various case studies
to evaluate and test their performance. The filter categories need to be justified by the
end users. The Engineering Requirements of the filters will be collected through
interviews with various stakeholders. Architects specialised in healthcare design, BIM
and the ADB plug in will be interviewed in both new and refurbishment projects they
participated. Clients will be asked regarding the quality of feedback they would like to
receive in the early stages of a project. For the cost database, professionals will be
asked about cost refurbishment changes and what procedures they follow to estimate
them.
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The application of Building Information Modelling (BIM) to construction projects has
the potential to enhance the quality of information provided for making critical design
decisions regarding a building’s environmental impact. However, the provision and
utilisation of such information has yet to be effectively exploited in most instances
and disconnections between BIM methodologies and sustainable design practices
within construction companies are evident. But the fundamental aspects of
integrative design, multiple stakeholder collaboration, common goal-setting, the quick
efficient presentation of complex concepts to enable fast and effective decision-
making, and an emphasis on dialogue between stakeholders are as fundamental to
sustainable design processes as they are to BIM enabled construction. Differing
perceptions and misaligned expectations of the benefits and expected outcomes of
BIM and sustainable design adoption go some way to prevent a synthesis between the
two approaches. There have been attempts to develop methods to calculate and
quantify the benefits of BIM and related information system adoption but existing
methods of analysis lack industry acceptance and fail to provide a principal
framework methodology that can measure comparable data across multiple projects.
An in-depth review of existing literature surrounding frameworks and methodologies
to evaluate and analyse the benefits of BIM and sustainable design is presented. The
issues surrounding the implementation of BIM alongside sustainable design practices
and the inherent problems associated with attempting to evaluate benefits in a purely
quantitative fashion are reviewed. Limitations of past research studies in BIM benefits
measurement are discussed and the development of a broader framework that
incorporates both quantitative measurement and a more qualitative understanding of
the process of integrating BIM and sustainable design to measure the potential of

BIM for sustainability are suggested.

Keywords: BIM, sustainable design, benefits evaluation.

INTRODUCTION

The built environment is recognised by policy-makers and stakeholders as having a
significant role to play in reducing carbon emissions and achieving sustainable
development (DEFRA, 2005; IPCC, 2007). Assessment and certification methods are
consistently extolled as an important means by which to achieve such targets with the
predominant and most established method used within the UK being the Building
Research Establishment Environmental Assessment Method (BREEAM). However,
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the effectiveness of these tools at engendering the ideal notions of sustainability
advocated by some authors is refuted due to the failure to address underlying industry-
wide organisational issues and a lack of a definitive understanding of what
sustainability really is and means to the construction industry.

Within this paper sustainable design is defined as the processes and practices of
design that contribute to sustainable patterns of living throughout the built
environment, based on the dominant ‘triple-bottom-line’ approach. A paradigm shift
from static notions of building performance to the regenerative contribution the built
environment can make to the social, ecological and economic health of the place in
which it functions is the ideal. To achieve this, common understanding amongst
diverse stakeholders is required; a move from an isolated and static understanding of
building performance in terms of design to an expansive and dynamic dialogue that
encourages an understanding of the implications of the building lifecycle on occupant
lives and business success will engage and maintain stakeholder commitment
(Clements-Croome et al. 2004; Cole 2011; du Plessis & Cole 2011).

However, the highly fragmented design and construction process consisting of
differentiated stakeholders with disparate approaches and specific project goals that
are influenced by varying professional practice codes make interdisciplinary work
difficult at early stages of design (Feige et al. 2011). Consequently the adversarial
culture associated with traditional construction promotes self-interest and a necessity
for voluntary and institutional mechanisms to ensure compliance in terms of
sustainability. The current culture allows stakeholders to make decisions that reflect
their own interests and select the approach that gives the best solution for them to
meet organisational performance rather than building performance within the context
of place. With current legislation stipulating the minimum requirements for
sustainability, this is invariably perceived by project teams as supplementary to the
primary goals of on-time and within budget. Cole (2012) refers to Robinson (2004)
and the suggestion that for sustainability to become a meaningful concept it will
require ‘new concepts and tools that are integrative and synthetic, not disciplinary and
analytic; and that actively creates synergy, not just summation’.

An exposition of the role of BIM as a process to facilitate a change in the prevailing
perceptions and practices of sustainable construction, and why the development of
performance measurement frameworks requires more than the assessment of discrete
technical performance for it to become meaningful and beneficial to both
organisational performance and building performance is now presented.

NORMALISATION OF SUSTAINABILITY VALUES
THROUGH ASSESSMENT METHODS

A common theme throughout much of the literature is that the ideal notions of
sustainability are subject to interpretation and the normative effect of standardised
assessment methods such as BREEAM, in part, determine practitioner perceptions of
sustainability and facilitate, or conversely impede dialogue amongst stakeholders over
core values that shape and change the expectations of the environmental performance
of buildings.

Schweber (2013) considers the effect of BREEAM as a process and its ability to
change prevailing perceptions and practices regarding sustainable construction. The
presiding debate centres on the notion that along with top-down policy debate
concerning the most comprehensive definition of sustainability within a wider
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domain, the specification of new standards and assessment methods within the
construction industry contribute to a bottom-up definition. How such standards and
assessment methods achieve this and to what extent were analysed through the
systematic comparison of assessment processes across eight case studies from three
firms who offer BREEAM assessments and one large engineering consultancy firm
who contributed to the study in their capacity as project managers. Each firm provided
two cases; one considered successful and one where lessons could be learnt and three
types of relationships between assessment method and design and construction
processes were determined: projects in which high integration occurred, projects in
which moderate integration occurred, and projects in which BREEAM was considered
a bolt-on process that had relatively little impact on the design and construction
processes. Data consisted of 49 semi-structured interviews with assessors, clients,
architects, project managers, design managers, and specialist engineers, and
documentation produced by the assessment process. And the findings suggest that
while BREEAM provides an established measurement framework for a building’s
environmental impact with relative ease of comprehension for those unfamiliar with
sustainable design, the technique required to aggregate complex, heterogeneous and
technically discrete specifications into a single score fails to engage clients in dialogue
over the core values associated with specific design decisions that constitute a ‘green
building’. Also, the highly bureaucratic demands associated with some credits that
require client involvement, such as community engagement, undermine client
engagement with the process as a whole and although BREEAM was successful in
translating complex ideals of sustainability to project team members who would
otherwise not engage in such discussions, practitioners familiar with sustainable
design generally perceived the assessment method as inadequate in embodying the
new rationality purported by many authors (Du Plessis & R. J. Cole 2011; Moffatt &
Kohler 2008).

The study also identifies the lack of accountability associated with some credits over
which the design team have no control yet the linear technical approach to building
assessment results in a loss of that credit, thereby weakening the internalisation of
BREEAM as a measure of practitioner practice or challenge to existing perceptions.
The study concludes that it is important to consider the impact of tools and assessment
models and the taken for granted perceptions of standards on ‘best’ practice. It would
appear that the assessment regime defines and permits decision-making toward
minimum standards that fit best within existing organisational practice and that the
value of BREEAM as an assessment model to achieve goals in line with revised
definitions of progressive sustainability definitions may be limited.

BUILDING INFORMATION MODELLING

There have been a number of management methods and change frameworks to
address inefficiencies within the construction industry in a bid to achieve ‘best’
practice, many of which were developed in response to reviews and reports (Green
2011). A key driver for UK mandated BIM strategy is the 2011 Government
Construction Strategy, that calls for the replacement of “adversarial cultures with
collaborative ones” and demands “cost reduction and innovation within the supply
chain” as well as criticising the industry for failing to take advantage of the “full
potential offered by digital technology”. It would appear that BIM enabled
construction work has come closest to a mandated collaborative working
methodology; facilitating the redesign of organisational functions and processes
toward integrative design, multiple stakeholder collaboration, common goal-setting,
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the quick efficient presentation of complex concepts to enable fast and effective
decision-making, and an emphasis on dialogue between stakeholders (Ahmad et al.
1995). Aspects of working methods that are purportedly required to meet already
established BREEAM assessment criteria and a paradigm shift in the approach to
sustainability advocated by many commentators (Du Plessis & Cole 2011; Cole 2011;
Cole 2012). Using BIM may change the regime in which decisions are defined and
permitted in line with progressive sustainability goals but there is a significant need to
understand BIM as a ‘systemic’ (Taylor & Levitt 2004) and ‘unbounded’ (Harty 2005)
innovation to avoid ineffective implementation because the perceived benefits of
adopting IT enabled collaborative tools can only be realised when the antecedent
conditions required to successfully implement IT are in place and the organisation is
in a state of ‘readiness’ to synergise (Taylor, 2007).

Successful implementation at project-level requires organisational-level strategic
planning that considers issues of technical support in terms of hardware and software
rationalisation for cost effective use, critical management support in terms of
challenging embedded processes, a supportive workplace environment in the form of
BIM champions to share experience and skill, and an understanding of users’
individual-characteristics so that the framework processes offered can be effectively
applied (Peansupap & Walker 2006). Consequently, considerable mutual adjustment
is required to enable successful technology adoption in inter-organisational
collaborations and teams to bridge the boundaries between design, construction and
operation, which is determined by a variety of factors: stakeholders attitude toward the
technology, corporate culture, relationships between companies, project
characteristics, industry-wide issues of legal standards currently employed,
communication density, organisational barriers and individual’s resistance to change
(Dossick & Neft 2010; Nitithamyong & Skibniewski 2006; O’Brien 2000). These are
factors that may affect the outcomes specified in many BIM assessment methods as
well as sustainability assessment methods.

BUILDING INFORMATION MODELLING PERFORMANCE
ASSESSMENT

Methods to measure implementation success referenced in this paper predominantly
have a myopic focus on financial performance indicators with the majority of existing
studies conducted in the US where there is no mandated BIM strategy. As such, these
studies predominantly examine benefit measurement methods for the purpose of
constructing a business case for practitioners and owners to invest. And although case
studies realise benefits they provide no formalised repeatable measurement framework
to determine best practice and/or process improvement.

The McGraw Hill Report is based on an internet survey of 2,228 completed responses
from 598 Architects, 326 Engineers, 817 Contractors, 118 owners, 73 Building
product manufacturers and 296 other industry respondents to gauge the practitioner
perception of the value of BIM. 77% of users perceived a positive ROI on their
investment, 87% were experiencing a positive ROI and 93% believed there is more
value to be realised in the future. The report also contains four case studies one of
which, for an 11-storey 540,000 square-feet biomedical facility, bases its success on
an integrative approach, engaging early with the design team with contractor and
owner inclusion and an extensive design and preconstruction process to develop a data
management process. It led to a reduction in RFI’s of 37% and a reduction of change
orders of 32% throughout the project compared with the similar non-BIM enabled
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previous project. The project team also experienced an estimated 50% reduction in
labour and work schedule as a result of BIM though the specific role of BIM is not
discussed.

The second case study, for a Health Science Centre, determined the success of BIM
through completion within budget. The project was awarded on a second round tender
and BIM was used to model the project in advance to give a firm understanding of
project costs to compete in a ‘hard bid environment’. An understanding of the
organisational processes that took place to make the technology adoption successful
would provide a valuable contribution to the industry as a whole.

The third case study, for a medical health centre, reported success in terms of
improved scheduling and cost savings however the project narrative offers a more
interesting insight into the processes required to achieve the identified success
measures; faster decisions and streamlined processes as a result of the technology
were predicted but there was resistance against technology specification in fear of
constraints around creativity and productivity. A clear strategy of interdisciplinary
information exchange was determined without software specification. Prior to
commencement of on-site activities the project team had produced over 25,000
electronic design documents and eight servers were used to enable 50 companies
creating files across the US to have real-time data access from any location.

The final case study of a high-explosives material pressing facility measured success
through clash detection of extensive process piping, operating equipment and
electrical and control systems. Cost savings of $10 million were attributed to the
technology. The project specification was to optimise spatial coordination so it is
logical that the performance measure was the number of clash detections.

Indicating a need for a consistent cost-benefit benchmarking framework associated
with BIM process enhancements and innovations as a motivator for adoption Becerik-
Gerber & Rice (2010) conducted a survey to gauge the perceived value of BIM in the
U.S building industry with specific focus on tangible benefits and costs at project-
level. 424 respondents answered questions regarding; the size and type of projects
BIM was used on; the type of software used; the tasks the software is used for; the
number of projects it is used on; and the ratio of total cost spent on software,
hardware, maintenance and training to overall net revenue. Hardware and software
costs contributed most to overall expenditure whereas the majority of respondents
reported spending less on software upgrades, hardware maintenance costs and
training. Around 41% of total respondents realised an increase in overall project
profitability with firms having more experience reporting higher returns. 48%, 47%,
and 58% of respondents reported scheduling improvements during the design, bid
preparation and construction phases, respectively. What effect independent variables
such as software upgrades, hardware maintenance and training have on the dependant
variables such as perceived project profitability is unknown and maybe a significant
interdependent variable.

Giel et al. (2010) conducted a study based on the premise that a company’s capacity to
finance virtual design and construction (VDC) goals is determined by the owner’s
willingness to pay additional fees. Two case studies were conducted and compared
based on BIM-preventable change orders and the associated schedule differences:
Case Study One compared two commercial warehouse projects of around $8 million
and 365 days duration with savings of 36.7% in the non-BIM project and 16.2% in the
BIM project; Case Study Two compared two concrete condominium projects of
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around $40 million and around 600 days duration with ROI's of 1653.9% and 299.9%.
However it is difficult to determine whether the scheduling improvements were
entirely attributable to the use of a BIM-based model.

Barlish & Sullivan (2012) recognise the highly contextual domain in which BIM
benefits measurement is set and the void of a balanced repeatable framework for BIM
implementation that considers both monetary and managerial outcomes. The paper
offers a reductive and positivist analysis that purposefully ignores the qualitative
aspects of BIM implementation in order to develop a BIM GO/NO-GO decision
mechanism through net benefit analysis. The framework is in response to the
numerous IS evaluation methods that are reactive and prescriptive, relying on
individual perceptions of value and a matrix of potential BIM benefits was composed
from a review of existing literature. The most quantifiable and generalizable returns
were determined; schedule, change orders, and RFIs. Returns on investment of
reduced change orders and improved scheduling were 70% and 53% respectively and
alongside quantifiable calculations the study conducted individual interviews with
Project Managers and Coordinators to gauge the contextual information of BIM
implementation rather than the interdependency. They reported an increase in
contractor attendance at coordination meetings, a diminishing BIM software learning
curve and decreased contractor accountability from BIM utilisation. Whether
accountability was decreased as a result of increased attendance was not examined nor
if the diminishing learning curve could be diminished further through increased
expenditure on training.

In summary the metrics chosen in each study only provide an indicator of
improvements; they do not provide a narrative of improvements, interdependencies of
process change and benefits as a result of technologies, training or information
quality, and/or lessons learnt. For example, Perceived ROI though important to
understand the industry perception of the benefits of BIM, cannot replace actual ROI
and the variables that can be adjusted to improve it. Also, measures identified are
specific to different disciplines; RFIs are used as a measure of improved quality of
information however the number will vary depending on project and participant
context; productivity through drafting and documentation though a direct benefit to
design teams are not as effective for contractors whose work focusses less on
modelling or drafting (Lee et al. 2012). Consequently, shortened project duration is
often used as a metric to determine success during construction, however there are
many other factors that contribute to improved scheduling such as construction
methods and equipment, number of personnel on site, and management quality (Lee et
al. 2012).

“What gets measured, gets attention” (Eccles 1991) and can obstruct good judgement
(Pfeffer & Sutton 2000) and the oversimplification of complex problems into localised
improvement initiatives can reduced overall performance (Owen & Huang 2007) so it
is important that the relevant measures identified contribute to the quality and
productivity of the IS function and the larger organisational performance by providing
feedback to manage and improve IS function to meet the needs of the
organisation/project (Myers et al. 1997). Perhaps it is more pertinent to develop
benchmarks that are used as a proxy to determine efficiencies, or lack thereof, to track
and mitigate implementation failure. In which case metrics alone cannot determine the
success of BIM; qualitative analysis of its role must supplement quantitative factors to
develop an iterative measurement and analysis framework of existing performance to
improve BIM capabilities and achieve differentiation.
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BUILDING INFORMATION MODELLING & SUSTAINABLE
DESIGN

During the design and preconstruction stages of a building the most significant
decisions regarding sustainable design features can be made (Azhar et al. 2011).
Linking new approaches to simulation and analysis within sustainable design to
enhanced coordination of information via BIM throughout the construction process
allows both reduction of rework and waste and the realisation of ‘designed-for-
performance’ new buildings and infrastructure through dialogic engagement of
stakeholders.

(Krygiel & Nies 2008) suggest BIM can assist in the following areas of sustainable
design: building orientation (selecting a good orientation can reduce energy costs),
building massing (to analyse building form and optimize the building envelope), day-
lighting analysis, water harvesting (reducing water needs in a building), energy
modelling (reducing energy needs and analysing renewable energy options can
contribute to low energy costs), sustainable materials (reducing material needs and
using recycled materials), and site and logistics management (to reduce waste and
carbon footprints). Design options for sustainability can be tracked and studied in a
model along with spatial data to geographically locate and import building site
information to place it within context and to contribute to an understanding of issues
relating to climate, surrounding systems and resources. The building can then be
adjusted and engineered using real coordinates to reduce the impact on and utilise
sustainably the surrounding environment to reduce energy requirements, for example
solar orientation (Hardin 2011).

Literature regarding the integration of sustainability tools with BIM has shown
improvement in assessment processes and effectiveness through comprehensive and
efficient data extraction that reduces the time, effort and cost of an assessment, multi-
disciplinary sustainable design decisions made at the design stage that enable
relatively fast and inexpensive improvements to be made relative to changes made
during and after construction, and a reduction in human error through the use of
standardised and authorised information. Azhar et al. (2011) demonstrated the
relationship between BIM and the LEED rating process making four conclusions: no
explicit relationship exists between the LEED® certification process and BIM-based
sustainability analyses due to inadequate software integration; up to 17 LEED®
credits and 2 prerequisites may be documented using results generated by BIM-based
sustainability software directly, semi-directly or indirectly; compared to traditional
methods BIM-based sustainability software saves substantial time and resources;
discrepancies between the software and manual results were mainly due to an
inadequately developed model.

During the life cycle of a large commercial structure Scheuer & Keoleian (2002)
found that approximately 95% of energy consumption and emissions occur in the
operational phase. Through the use of highly energy efficient materials and building
operation optimisation technologies the impacts to life cycle energy and emissions
consumption from the operational phase can be shifted back to the material production
and construction phase (Blanchard & Reppe 1998). Integration of LCA software and
BIM software to automate this process will not only for allow efficiencies in LCA
assessment procedures but also enable design changes to be made prior to construction
and assist building management in the optimisation of a building’s environmental
footprint throughout its operation (Russell-Smith & Lepech 2012).
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There are a number of other BIM-based tools and systems that have been and are
being investigated and developed to tackle a range of sustainability concerns across
the entire construction process from design inception to Facilities Management and
lifecycle analysis (Azhar et al. 2009; Capper 2012; Che et al. 2010; Geyer 2012; J.
Park & Kim 2012; Schlueter & Thesseling 2009). And whilst these technologies may
assist in achieving the outcomes stipulated by sustainable assessment methods, the
mechanistic and linear approach required to achieve credits fails to capture, and may
even prevent, the more humanistic and developmental benefits BIM may bring in
terms of dialogic stakeholder engagement, common understanding and internalisation
of sustainability values that add value to the end user through continuous analysis and
discussion of sustainability throughout the design and construction process with
relevant stakeholders.

CONCLUSIONS

The metrics chosen in most studies only provide an indicator of improvements; they
do not provide a narrative of improvements, interdependencies of process change and
technologies, training or information quality, and/or lessons learnt. Static notions of
best practice neglect aspects of cultural environment, and social interaction and
negotiation that could affect not only the outcomes but also the constructs themselves.

Practitioners are therefore encouraged to follow routine algorithms within a dominant
culture of compliance rather than to adopt innovative solutions to the inherently
complex problems of organisational development and sustainable design that
standardisation should support. Exemplary buildings are achieved but they are
accomplished in spite of the current traditional methods not because of them. BIM
methodologies and tools, through the standardisation of practices and processes, may
free practitioners from the bureaucracy of traditional construction capacitating
meaningful dialogic stakeholder engagement, practitioner discretion over design and
improved decision-making by eliminating the restrictive conditions associated with
traditional construction. But if performance analysis remains reduced to abstracted,
mechanistic best practice algorithms, the organisational development and sustainable
design benefits that BIM enabled construction can offer may not be realised.

Mechanistic conceptions of measurement methods across a disparate group of
construction practitioners are difficult to achieve when the change required to improve
is constrained by embedded practice and professional structure and different path
dependencies themselves have different embedded practices and professional
structures. BIM methodologies and tools go some way to address these issues but to
realise the benefits, assessment methods must be more holistically diagnostic in order
to identify the conditions required to successfully implement appropriate techniques
relevant to the organisation and projects. By accounting for these conditions, BIM
may produce renewed expectations and broader ranges of opportunities that should
inevitably produce improved organisational capabilities and subsequently value-added
sustainable design.
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BIM COLLABORATION: A CONCEPTUAL MODEL
AND ITS CHARACTERISTICS

Wei Lu', Dan Zhang and Steve Rowlinson
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Relationship management has become an important issue for both academics and
practitioners in construction project management. Few study provide a clear picture of
what specifically constitute collaboration in a construction project in the existing
literature and the practical approach. Limit research focus on developing a
collaboration theory in construction management. The advent of Building Information
Modeling (BIM) has been proved to be helpful for improving project coordination
and productivity. However, widely adoption of BIM does not change the fragmented
nature of construction sector. An understanding of how to promote such collaborative
relationships in BIM enabled projects is crucial to achieve the full potential of BIM.
By analysing the characteristics of collaboration from a management perspective and
investigating current BIM implementation strategy, this research develops a
conceptual model of collaboration in BIM enabled projects and identifies main factors
of collaboration. The model categorizes collaboration into three dimension, they are
collaboration team characteristics, collaborative environment, and collaborative
process. Model also presents high level of collaboration can result better project
outcomes and participants satisfaction. This model can be generalized to construction
sector and standardized to collaborative process for future BIM implementation.

Keywords: BIM, collaboration, project management

INTRODUCTION

Many studies show that inter-organizational collaboration can improve competitive
advantage of firms, facilitate innovation, promote coordination and productivity and
other tangible and intangible collaborate benefit (Amabile et al. 2001; Dyer and Singh
1998; Gray 1985; Simonin 1997; Tjosvold 1986). Interorganizational relation studies
focus on the relationships among organizations. Analysing relationship helps people
understand the characteristics, motivations, rationale and outcome of
interorganizational relationships. More and more social events and business move
toward complexity and multi-disciplinary. Interorganizational relationships exist in
terms of strategic partnership, alliancing and networking in many sectors (Cropper et
al. 2008). Collaborative relationship is vital to the process of project delivery in
construction. Developing collaborative interaction cross professions has become a key
issue for both academics and practitioners in recent years. Studies report the poor
productivity and fragmentation in construction industry. There are some improvement
and applications of collaboration strategy in construction sector including alliancing,
partnering and PPP etc. However, project participants have different objectives and
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interests to the project, and they are subsequently fulfilling their responsibility and
maximizing their interests and benefits accordingly. Thus, construction project
organizations are, in essence, moving away from integration or collaboration toward a
fragmented approach. Nevertheless, some key elements of collaboration have been
addressed. Although practitioners agree to promote the collaboration and establish a
partnership among the project parties by innovative procurement strategies and
contract arrangements, the full collaboration challenges appear to be enormous, as
evidenced by many researchers. American scholars report significant losses due to less
collaboration effectiveness result in either losses of project performance or
unsatisfactions of participants (Gallaher and Chapman 2004).

Previous studies have focused on relations between individuals’ relationship and
project performance in a construction project, such as the link between individual
cooperation and project performance (Anvuur and Kumaraswamy 2007), the link
between relationship management strategy and project performance (Phua and
Rowlinson 2004) and partnering (Bresnen and Marshall 2000). However, little
attention has been given to inter-organizational collaboration in BIM enabled
construction projects. There is no clear evidence of successful collaboration
approaches of BIM adoption, or the reasons BIM collaboration may potentially fail.
Furthermore, the existing literatures and practical BIM applications do not provide a
clear indication of what specifically promotes the collaboration in BIM enabled
project and why collaboration is vital to the success of BIM implementation in a
construction project. Some professionals view BIM as a collaborative technology or
software, whereas others treat BIM more expansively and are aggressive in
developing collaborative relationships with all the project stakeholders. BIM is
accepted for its efficient and effective utilities in project delivery. However, high
levels of integration do not represent high levels of collaboration. Furthermore,
characteristics of high levels of collaboration are critical to project success such as
willingness to cooperate and willingness to share knowledge (Jassawalla and Sashittal
1998). In addition, some companies have implemented BIM to a greater degree than
others. Therefore, it is important to identify the characteristics of BIM collaboration
that companies can promote and to explore how these relate to their project success.

The key objective of this research is to develop a conceptual framework of
interorganizational collaboration in BIM enabled projects and investigate the factors
contribute collaborative BIM adoption. Based on the literature review of
interorganizational works in other sectors and the importance of collaboration in
construction management, this study demonstrates a conceptual model of
interorganizational collaboration in BIM enabled projects. In particular, we discuss the
characteristics and functions of collaborative strategy that impact to the project
performance. Developing such a measurable framework of collaboration will enable
us to determine whether higher levels of interorganizational collaboration are
associated with better project performance and more satisfaction of BIM
implementation.

THEORETICAL BACKGROUND OF COLLABORATION

One challenge of collaboration study is that any definition is contingent on the level at
which collaboration is situated in an organization or what people believe about the
appropriate level of collaboration. Interorganizational relations exist among two or
more persons representing different organizations in a relevant way. In this study, we
focus on the collaboration at inter-organizational level. This perspective includes the
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building of whole picture involving all the project participants and phases in a BIM
enabled project. This view addresses the importance of cross-discipline collaboration
from early stage of construction project to the end of project. Therefore, this study
provides an explicit structure to manage the entire inter-organizational relationship
systematically. For this point of view, professionals establish a working relationship
based on a mutual objective, but conflictual relationships and problems may rise
during the work. Different collaboration attitudes and various personalities of
professionals stimulate various relationships. These relationships may create either
positive or negative influence to the final project outcomes. Collaboration on
organizational level would capture these interactions and, based on the research
output, people can assess the influence to project performance from these interactions.

In reviewing the different studies of interorganizational relations in different sectors,
theorists explain the relationship from social, political, economic and management
perspectives (Cropper et al. 2008; Wood and Gray 1991). A key theoretical foundation
for collaboration research is the relationship management literature. Blois (2002)
identifies that transaction cost analysis (TCA) is frequently inappropriate adopted for
analyzing exchange relationship. TCA proposes transaction as the unit of analysis.
However, relational contract theory refers to the parties involved in an exchange. The
parties can either be individuals or organizations. Macneil criticizes Williamson’s
TCA as discrete transactions. He (1981) claims that even a repository transaction
involves contractual relations. Dwyer et al. (1987) differentiate discrete exchange
from relational exchange in a buyer-seller relationship according Macneil’s argument.
Macneil (1981) differentiates discrete transactions from relational contracts.
Relational exchange exists in an on-going relationship over time. It is based on its
collaboration history and future. The potential of future collaboration relies on
cognitive perception, trust and planning. Participants in relational exchange can
achieve social satisfaction when engaging in a relational exchange (Dwyer et al.
1987). To the broader extent that relational exchange is multi-dimensional and
depends on the nature of relational contract. Blois (2002) studies business to business
exchanges and he identifies that ‘exchange’ and ‘relationship’ represent aggregations
of numerous activities undertaken by all involving organizations. Thus, there is
‘relationship’ between organizations. Few scholar pays attention to processes of inter-
organizational relations and how these relations emerge, evolve and terminate over
time. Ring and Van de Ven (1994) develop a process framework of cooperative inter-
organizational relationships focusing on formal, legal and informal social-
psychological processes. They identify that process as the central to managing inter-
organizational relationships. Gray (1985) claims that many problems beyond the
control by any single organization which is viewed as indivisible problem.
Furthermore, Gray (1985) analyses the conditions that facilitate the three phases of
collaboration: problem-setting, direction-setting and structuring.

Althogh they developed a collaboration framework from the perspective of education,
cross profession collaboration is similar to construction industry. Academic
practitioner research collaboration is temporary and project based. Construction
project is also project based. It is different from general collabroation studies in other
sectors, individuals as the representatives of their mother company work with other
professionals in a construction project temporarily form a project organization. In this
project organization, each profession work with each other and rely on the output from
other professionals. At the same time, they always consider the outcome of their
contribution and the interest of their represented company. Furthermore, the
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organization is dynamic, some individuals may leave project before completion, but
the impacts of their activities beofre may affect to the outcome of final project. We
borrow definition of collaboration from Jassawalla and Sashittal, they describe it as
“the coming together of diverse interests and people to achieve a common purpose via
interactions, information sharing, and coordination of activities” (Jassawalla and
Sashittal 1998:239). Amabile et al. (2001) claim that there is little research about
corss-profession collaboration. They build up a cross-profession collaboration theory
and claim three determinants of successful collaboration: Collaborative Team
Characteristics, collaboration environment characteristics, and collaboration processes
(See Figure 1). Each determinant contains sub-categorized factors that influence its
extent. We borrow their concepts and principles to construction industry. Hence, we
discuss the characterists of BIM implementation in construction and explain how
these factors influence the success of a BIM enabled project.

Determinants of Collaborative Success Collaboration Outcome

Collaborative Team Characteristic:

. Professional-Relevant Skill and Knowledge
. Collaboration Skill

. Attitudes & Motivation

Firm Level
. Productivity
. Financial Profitability

3 Individual and Team Level
Institutional support

. Goal Achievement
. Effective functioning
Collaborative Process: . Individual Benefit
° Communication
. Initial clarity
. Effective use of member capabilities
. Conflict resolution process

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
Collaborative Environment Characteristic: 1
1
]
1
1
1
1
)
1
1
|
1
1
1
1
1
1
1
1
1

Figure 1. Collaboration Determinants and Outcomes by (Amabile et al., 2001)

BIM COLLABORATION

BIM is a collaborative approach to construction that involves integrating the various
disciplines to build a structure in a virtual and visual environment. The essence of
BIM implementation is collaborative working process in construction work. Therefore
project participants could generate the maximum benefit of collaborative
arrangements increasing efficiency and effectiveness (Succar 2009). The process
allows project team to work effectively, particularly when identifying potential
problems before they start to build on site. AlA defines BIM as ““a digital
representation of physical and functional characteristics of a facility”’(AIA 2007:53).
As such it serves as a collaborative platform for all stakeholders to share their
knowledge resource and information. Sufficient information increases communication
effectiveness. Effective communication allows stakeholders to exchange accurate,
update and clarified information for decision makers to form a reliable decision. AIA
also identifies that “BIM is a shared digital representation founded on open standards
for interoperability” (AlA 2007:53). Therefore, BIM demands collaboration in order
to unleash the utility of BIM implementation and maximize stakeholders’ return on
investment. Succar (2009) demonstrates three stage of BIM: object-based modelling,
model-based collaboration and network-based integration. It is important to know that
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BIM project requires a specific process of activities. The process involves high level
of transactions on data, information and knowledge. A successful BIM project highly
relies on effective collaboration among project participants including owners.

BIM becomes one way to cope with the cooperation, integration and coordination
challenges faced in construction. However, very little study investigates BIM from the
perspective of project management. Many study recommend construction industry to
move toward Integrated Project Delivery (IPD), but few identify that IPD as the
ultimate objective of construction project delivery method strongly demands closer
collaboration and more effective communication (Eastman et al. 2011). BIM has been
proved that enhance collaboration and information sharing comparing those traditional
construction processes. BIM is linked to higher level of efficiency in terms of
communication and collaboration (Bryde et al. 2013; Grilo and Jardim-Goncalves
2010; Lee 2008; Olatunji 2011). Sebastian (2011) confirms that multi-disciplinary
collaboration can be achieved through optimal use of BIM, but changing roles of key
parties, new contractual relationships and re-engineered processes challenges need to
be overcome. Further, Bryde, Broquetas, and VVolm (2013) identify that coordination
defects are the second largest negative impact to project performance after software
issue in 35 construction projects BIM enabled projects. Collaboration issue cannot be
demonstrated by any single contract theory or economic theory. Few study expose the
complexities of collaboration in BIM implementation. All the project participants
need to be aligned with self-interest, mother company’s requirement and project
objective. So this is not an issue of individual collaboration in a team or an
organizational collaboration issue in a joint venture. Collaborative process is one of
the key factors for BIM success. The full potential of BIM can be realize by
considering knowledge, technology and relationship. Many researches focus on the
discussion of BIM technology. Few research address the importance of collaborative
process of BIM implementation.

MODEL DEVELOPMENT OF BIM COLLABORATION

Based on Amabile’s collaboration framework, our model suggests that each of the
determinants of BIM collaboration has sub-categorized factors (See Figure 2). First,
four preconditions of collaborative team characteristics are identified, they are
professional knowledge, collaboration skill, attitudes and motivation and BIM
acceptance. The most important features of professional knowledge in BIM project
apear to be their profesional experience and the understanding knwoledge of BIM
(BIM acceptance). Simonin (1997) argues that organizations change their approach to
collaboration according their experiences with past partners. Complementarity of
professional knowledge contribution across diciplinaries assure the proceeding of
construction project and inter-organizational collaboration. Their BIM acceptance is
the perception how they contribute to the utilization of BIM and motivate to
collaborate with other professionals within BIM context. Collaboration skill referes to
experience of collaboration with others and individual social skills with other team
members in a project organization. When project adopts new technolgy such as BIM
and use this technology, adoption triggers new challenges of organizaton inculding
structures and power relations (Jacobsson and Linderoth 2010). BIM acceptance is
important that participants have mutual perception of BIM implementation in a
project. To what extend participant’s BIM acceptance can influence the effectiveness
of BIM collaboration. Attitudes and motivation appear to be individual intestest in
learning BIM and incentive of using BIM. Regarding attitudes, trust is found to be the
most important determinants paired with mutual respect and common understanding
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that determine the appropriate team members (Jones and George 1998). Few attention
given to cultural issues, We beieve cultural differences do exist but it doesn’t impact
the formation of collaborative project organizaiton. Because Hong Kong as an
international city has a well delveloped history and achieves certain norm among
profesionals no matter they are foreigners or new commers in construction industry in
Hong Kong. They all can find their role and interact with other team members in a
short period. In other words, the vacancy can automatically be filled by the
appropriate person due to highly competitive and open maket. So, professsionals in
construction industry work together as a temprorary organization to deliver
construction projects, they have enough experience to break the cultural barriers and
build up a common aggreement with each other. However, cultural issue may become
important when dealing with other collaboration parties and industries.

Second, actions of individuals may impact cooperative inter-organizational
relationships. Environmental conditions also influence the success of inter-
organizational collaboration (Ring and Van de Ven 1994). Few scholars identify the
importance of collaboration environment characteristics, despite a collaborative
context is more likely to success (Amabile et al. 2001). Jassawalla and Sashittal
(1998) demonstrate a framework of interorganizational collaboration. In this
framework, organizations create macro-environmental forces and organizational
forces impact the extent of collaboration achieved. The degree of institutional support
that individuals receive from their home institutions can determine their willingness to
contribute their time and resources to the project. In BIM enabled projects, BIM
maturity varies from projects and organizations. Sometimes, BIM maturity is also
constrained by technology itself (Porwal and Hewage 2013). Contract strategy is an
important moderating variables in BIM collaboration. This will directly lead the
success of BIM implementatin as a whole. Practically, we find people adopt BIM
under traditional procurment strategy such as design-bid-build which eliminate BIM
as a visualization tool at earlier tendering stage. Some other cases we encountered that
advisarial contract bind the motivation of individuals to collaborate with other
company representatives due to economic consideration and provide minimum
contribution according contract responsibility. However, the situation changes
significantly in a relational contract environment. Professionals work together as a
team and more willing to communicate and solve problem together and creatively.
Therefore, we investigated specific contract strategy as a contextual characteristic for
our research.

Last, an operational platform with appropriate technology is likely to facilitate
professionals to communicate and collaborate. Gray (1985) developed a process
model of collaboration: problem setting, direction setting and structuring. In this
model, specific goals are set, clear roles and tasks are assigned to participants.
Collaboration can be enhanced in this sustainable long-term activity. (Gray, 1985);
Ring and Van de Ven (1994) identify the importance of process development in an
inter-organizational collaboration. Furthermore, this process is dynamic and evolving
over time. BIM collaboration is mainly utilized through its process. This results high
demand of software interoperability and clear role and responsibility for each party
(Porwal and Hewage 2013). Although it is difficult, interorganizational collaboration
depends on specific input and effort contributed by individual members to have a
common understanding of roles and responsibilities in different organizations (Patel et
al. 2012). Greenwood and Wu (2012) also confirm the link between communication
and collaborative working. Based on these two sub-conditions, process could be
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fluently developed through a well communication context. Both formal and informal
communications are crucial to the success of project delivery (Li et al. 2009). Patel et
al. (2012) demonstrate a framework of collaboration model. In their model, several
factors are identified positively relate to the collaborative working. They claim that
collaborative decision making involve both formal structured judgement and informal
alternative exploration. Decision-making strongly relies on collaborative process and
experience of participants. Satisfied decision-making can increase the individual
satisfaction and commitment. Uncertainty and conflicts emerge in construction
process. Different decision may cause negative relationship. For this reason, decision
making in collaborative process is important. When project has high levels of
collaborative relationship and participants are willing to share information and
communicate, conflict decreases.

Causes/Dominant ) Construct of BIM Consequence of
Conditions Collaboration | Performance
Professional Knowledge Collaborative Moderator: )
! ) Project Outcome
Collaboration Skill Team ;
£ I 2 e SR BIM - Time
Attitudes & Motivation Characteristic i
sl . t
BIM Acceptance Execution ol
Plan (BEP) % RSt
. . ) Individual Outcome
Institutional support Collaborative IR
: : - Satisfaction
BIM Maturity Environment
Contractual arrangement Characteristic

Communication .
- Collaborative
Clear role & responsibility
Process
BIM Interoperability

Decision Making
Figure 2. Model of BIM Collaboration and Outcomes

BIM execution plan (BEP) is reported as a priority before BIM implementation. A
well defined BEP is able to assure the compliance of project objectives and requests
(BSI 2013). Further, McAdam (2010) identifies BEP as the key to the information
management. BEP sets out protocols for interoperability, project delivery milestones,
dimensional accuracy and other details. He also claims that BEP specifies roles and
responsibilities for team members and makes BIM collaboration successful. It is clear
that there are correlated relationships between BEP and BIM collaboration success.
Because there are more positive effects, we herewith hypothesize a positive
moderating effect for BIM collaboration. According to our interviews, a well-prepared
BEP can reduce the uncertainty and clarify the role and responsibility in most of BIM
enabled projects.

In terms of consequence of collaboration, Chan and Ho (2001) test the relationship
among overall project performance, interorganizational teamwork and participants’
job satisfaction. Well developed construts of BIM collaboration facilitates better
project performance as the consequence of colaboration. Together with individual
outcome such as satisfaction to the project and personal achievement through the
participation can confirm the positive impacts of BIM collaboration. Many researchers
measure time, cost and quality as the measurements of project performance (Blois and
Ivens 2006; Bresnen and Marshall 2000; Grilo and Jardim-Goncalves 2010; Phua and
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Rowlinson 2004). Greenwood and Wu (2012) test different degrees of collaborative
working relative to project performance and identify that higher level of collabroative
working is more likely to produce higher levels of project performance. Other
researchers also address that working relationships have positive impact on project
performance in terms of project time cost and quality. This research conceptualizes
the formalization of how to collaboration in BIM enabled projects. If participants are
able to collaborate through construction project, they are able to perform more
productively and project is more successful. In certain way, company will transmit
those benefits to individual benefit such as incentives and more investments in
technology and training. This demonstrates us how it can align idividual satisfaction
to the project success.

DISCUSSION AND CONCLUSION

The goal of this study is threefold: 1) to develop a concetual model of BIM
collaboration, 2) to investigate whether the BIM collaboration is link to project
performance and individual satisfaction, and 3) to identify BEP as a moderator of BIM
collaboration and project performance. Based on literature review, past researches
support for our conceptual model of BIM collaboration for the dominant conditions.
We identify key BIM characteristics in terms of three BIM collaboration
determinants: collaborative team characteristic, collaborative environment
characteristic and collaborative process.. We then structure the dominant conditions as
measurements to assess the extent to which those constructs are perceived. This is an
important contribution which fill the gap between BIM technology and project
mangement theory. First, this represents a theoritical foundation for promoting BIM
collaboration. Second, this demonstrates a framework of measuring BIM collaboraton.
Third, there are many researches promoting collaboration both in constructon industry
and other disciplines. BIM is also discussed intensively from the perspective of
technology. This research bridges both by providing a guide for examination. Last, we
highlights the importance of collaboration issues in BIM enabled projects and
indicates the relation to project performance and individual outcome.

BIM provides people a new working logic in construction. The constructs capture the
degree of BIM collaboration. If project team is able to work more collaboratively and
understand the value of BIM collaboration, they can perform more effectively on their
task delivery and information sharing. Project then can be completed more efficiently.
As a result, all the stakeholders can benefit from time saving, cost saving and good
quality. The collaborative process within BIM implementation is essential for the
exchange of project information and professional knowledge. All the parties can
satisfy with project performance according to such efficient and effective interaction.
Given the essential role that collaboration plays in construction project, it is important
that we understand the collaborative process within BIM enabled projects that leads
higher efficiency and better performance. An examination of these collaborations
using ideas and theories borrowed from previous researchers with be helpful to
identifying strengths and weakness in BIM implementation and will provide the basis
for a model of an effective BIM implementation. Beyond collaboration analysis, a
better understanding of the BIM process has potential benefits for a number of project
participants that adopt BIM technology to problem solving, including coordination,
communciation, resource and knowledge sharing and innovation.

Of all the discussions, it is worthwhile that future studies focus on more individual
specific and company specific characteritics contribute to BIM collaboration. BIM
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collaboration study should be dynamic and cross professions. It is also possible that
technology changes and improves over time. It also should be noted that contractual
arrangement should be customized according to the BIM adoption in order to
maximize the utilization of BIM.
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Building information modelling (BIM) is rapidly reshaping the construction industry.
Profound transformations have taken place in organizational structure and business
operation in construction companies when adapting to BIM implementation. During
the transition, companies are facing an essential question: how to align intellectual
preparation with the challenges and business opportunities associated with BIM and
stay competitive in the market? Efficient talent acquisition seems to be among the list
of priorities. Use of dedicated BIM job titles and the emergence of the “BIM
department” as an independent functional unit in organizations justify the need for a
closer scrutiny of the current strategies for talent acquisition in the construction
industry. This research investigated the impacts of BIM on key aspects of talent
acquisition, including: identifying (gap analysis of talent shortage and needs),
profiling (job description), qualifying (job requirements), sourcing (intellectual pool),
recruiting (candidate screening and interviews) and retention/management.
Conclusions were drawn from the data gathered via an online survey. The survey
findings suggest that the construction industry is still at the beginning stage of
formulating holistic strategies for BIM talent acquisition, in comparison with a boom
in global BIM adoption and market demand for BIM talent. This research has exposed
some fundamental issues companies are facing or will face in BIM talent acquisition.
It is also intended to initiate critical thinking among the professional community to
adapt existing talent acquisition strategies to the BIM context. Last but not least, the
research suggests that enhanced collaboration between industry and academia should
significantly improve the education, cultivation and acquisition of BIM talent.

Keywords: building information modelling, talent acquisition, technology innovation,
transformation

INTRODUCTION

According to the Bureau of Labour Statistics (BLS) of the U.S. Department of Labour,
the demand for highly skilled construction professionals (architects, engineers and
constructors) is expected to outpace the supply over the next twenty years (Smith and
Tardif 2009: 101). This forecast bears special implications at a time when building
information modelling (BIM) is gaining accelerated uptake in global construction
industry. It is consistent with what many industry professionals and research scholars
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have observed that BIM-savvy people will be in high demand and the lack of
adequately trained personnel is hindering the use and adoption of BIM in the industry
(Sacks and Barak 2010, Becerik et al 2011). BIM generates new business
opportunities but at the same time it raises the bar for competition. As more facility
owners are embracing BIM, the project procurement process has started to incorporate
BIM competency as desired qualifications in selecting project teams. Pioneers like the
U.S. General Service Administration (GSA) have mandated basic spatial program
BIM models as submittals for approval since 2007. On future transitions that BIM
compels in the industry, Patrick MacLeamy (Chairman, buildingSMART
International, Chairman and CEO, HOK) commented: "I think there’s going to be a
huge shake-out...Either change and get with this program, or go out of business"
(McGraw-Hill Construction 2012a: 15). To stay competitive, companies have to be
mentally and intellectually prepared for the upcoming transformation. A key task is to
align human resources with organizational development challenges as they relate to
understanding the need for BIM talent, finding it and then placing employees properly
within the existing system (Joseph 2011). Therefore, this research aims to investigate:
1) how BIM is reshaping the skillset requirements for construction professionals; 2)
what the current practices of acquiring BIM talent in construction companies are; and
3) what other transformation, such as enhanced industry-academia partnership in
college-level BIM education, is needed to satisfy the growing market demand for
competent BIM talent in the construction industry.

BACKGROUND
Challenge: workforce shortage

The supply/demand equation for the global construction industry workforce has been
imbalanced, with countries including the US, UK and Canada claiming a "crisis of
skilled workforce shortages". Labour research has suggested that this crisis may be
associated with the workforce aging, low attraction of profession to youth, lack of
craftsman skills among younger generations, and challenges from new information
and communication technology (ICT) implementation (ETA 2004, ConstructionSKills
2008). Within this context, despite the global economic downturn, BIM adoption is
still accelerating. In North America, industry-wide adoption has surged from 28% in
2007, 49% in 2009 to 71% in 2012 (McGraw-Hill Construction 2012a: 7). In the UK,
NBS (2012: 9) reported that from year 2010 to 2011, construction professionals using
BIM were more than doubled (from 13% to 31%). This rapid uptake of BIM is largely
attributed to proven business benefits from its implementation, e.g. increased profits
and positive Returns on Investment (ROI). Owners who are BIM-educated and -
sophisticated are usually more engaged with its implementation and able to reap the
highest business value (McGraw-Hill Construction 2012a: 7). These owners are more
likely to seek out to award projects to BIM-capable companies who rely on the
professionals they hire to deliver the projects to meet outcome expectations. BIM's
biggest opportunity in the future will be the direction that new personnel take BIM
technology (Hardin 2009: 297). BIM-savvy people will be in high demand, and the
projected supply/demand equation will place acute pressure on the industry to acquire
or cultivate competent BIM talent to increase knowledge-worker productivity across
the industry to meet the rising demand (Smith and Tardif 2009: 101).

Challenge: organizational resistance to change

In the short term, institutions of higher learning will be unable to satisfy the workforce
demand of BIM, which means employers will have to rapidly develop BIM and
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integrated project delivery (IPD) skills internally. Organizations that choose to repeat
the conventional wisdom of the CAD era that employees will simply "pick up the
skills on the job", will find themselves at a significant disadvantage (Smith and Tardif
2009). To adopt and implement BIM at its full potential will demand organization-
wide strategic planning and stakeholder engagement to embrace and foster technology
insertion, process change and cultural transitions.

From a technology innovation standpoint, adoption of BIM is often compared with
CAD, which was introduced to the construction industry over an extended period. In
contrast, the deployment of BIM is fast-paced (at least twice as fast as CAD,
according to Neeley 2010) and considered to be "disruptive”. This view is informed
by the implicit switch from 2D to 3D working and by the opportunities that the dual
(software and process) view of BIM will create to further address some of the
problems inherent in the construction section, e.g. fragmentation (Watson 2010: 4). As
such, BIM provides a vehicle for addressing the fragmentation of the industry and a
platform for greater collaboration and information sharing across the entire
construction supply chain (buildingSMART Australasia 2012: 26). From a business
innovation perspective, BIM is "transformative™, meaning that there is impetus for
dramatic changes in the business practices (Jordani 2008, Mihindu and Arayici 2008).
Companies are urged to manage change (operational and cultural, according to Smith
and Tardif 2009: 35) and transition (Deutsch 2011: 8) to carry BIM implementation
strategy through and foster its development. The impacts of BIM on organizational
structure and construction companies' day-to-day business operations are extensive as
well as intensive.

The resistance to change in organizations is most challenging when top management
and senior personnel refuse to adopt new practices but would rather stay in their
"comfort zone", which typically occurs in the course of new technology insertion and
intellectual transition (Eastman et al 2008: 202). The financial and liability risks of
innovation are common excuses for companies to deter their steps down the path to
adopt BIM. As Smith and Tardif (2009: 58) noted, there are pioneers, innovators,
followers and laggards distributed over the typical technology adoption life cycle. Yet
companies that are adverse to the financial/liability risks of technology innovation
because they are not convinced by the immature market might eventually find
themselves at significant loss of business opportunities and market competitiveness.
They did not realize or chose to overlook the cost of not doing BIM, as Yori (2011)
warned the industry. "Business-as-usual” may eventually turn into "no BIM, no
business". LeFevre (2011) endorsed this idea with genuine financial data in real
construction companies and accentuated that the business case for BIM had already
been made. He also explicitly pointed out that "changing mindsets is the biggest
challenge” in BIM transformation.

Impact: BIM talent skillset requirements

Transformative industry trends like BIM and BIM-related greater collaboration and
integrated project delivery require workers to draw upon different skills than
traditional positions do. The increasing need in construction for greater productivity is
like to drive more rapid adoption of these trends, which will require a different way of
looking at the skills a worker has to offer (McGraw-Hill Construction 2012b: 8). New
job titles prefixed with "BIM", e.g. "BIM Manager" and "BIM Coordinator", and the
advent of new organizational function units such as "BIM/VDC department" reflect
the impetus to rethink the profiling and planning of workforce oriented to BIM tasks.
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This is important to understand, because BIM is revolutionary shift away from
drawing production in the CAD era (Eastman et al 2008). The set of skills needed is
usually beyond the scope that is traditionally defined for CAD professionals. Barison
and Santos (2010) conducted an overview of BIM specialists, which provided a
preliminary outline of the areas of responsibilities, and contributed to better defining
the professional skills required to performing BIM related functions in construction
companies.

In the case when "dedicated BIM talent™ (usually associated with BIM-prefixed job
titles) is the target, the acquired BIM talent should not be an "add-on" to existing
organizational structure, or a "plug-in" for existing business process in the companies.
Rather, they should be organically integrated into the corporate structure,
interdependent on current human resources (HR), facilitate and eventually transform
the business process to be BIM-cohesive and BIM-productive. To facilitate the
"naturalization” of BIM talent, top management should drive the change to place BIM
into company's vision and identify BIM related business opportunities. The HR
department should be educated about BIM to accurately create the job descriptions.
The business department should review the core business services provided and the
workflow associated to identify the gap between the desired BIM deliverables and
existing capacities, so they could eventually determine the type of BIM talent (e.g.
knowledge based, skill/project based, or corporate support & services based) that
needs to be acquired (Joseph 2011).

In the case when companies choose to convert/redefine traditional positions to become
BIM-capable, it is critical to create the baseline and targeted skillset requirements for
the "converted BIM talent"”, to identify the relationship and gaps, and to make training
plans. For instance, estimator as a traditional profession is subject to significant
impacts from the implementation of BIM. Model-based quantity take-off (QTO) and
"5-D BIM™ have brought up heated conversation and debates in the professional
community over whether estimating as a profession should be completely redefined.
Another eye-catching discussion is centring on the comparison between a "CAD
Manager” and a "BIM Manager". Quite a few companies have been counting on their
CAD managers to take on the new challenges to lead their BIM expedition, and have
been successful. Despite the few commonalities, the two job titles are actually
fundamentally different in terms of the desired qualification, responsibilities and
expectations (Kiker 2009).

Impact: BIM education and career preparation

For many, BIM training begins in academia. Education, particularly in universities, is
where the ability to create new mindsets and exposure to new media is most effective
(Hardin 2009: 298). BIM education is considered as a solution to quicken the BIM
learning curve thus companies can recruit ready-made BIM talent when the students
graduate (McGraw-Hill Construction 2008). Therefore, the effective inclusion of BIM
into college curricula has become both a pedagogic and practical aspiration needed in
preparing future BIM talent for the construction industry (Crumpton and Miller 2008,
McGraw-Hill Construction 2009).

The classic gap between academia and industry does exist in college BIM education.
In spite of the pervasive presence of BIM in college curricula, academic programs are
struggling to meet industry and student expectations on knowledge coverage and
problem-solving skills learned from the curricula (Clevenger and Rush 2011, Wu and
Issa 2013). BIM is most productive when implemented in a multidisciplinary,
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collaborative environment. However, in academia, the segregation of departmental
units makes it very difficult to imitate this working environment. Students are
typically trained with focus on technical skills. The lack of exposure to the essential
BIM workflow and managerial aspects of delivering BIM projects is a major
drawback of existing college BIM curricula and undermines students' learning
outcomes. Wu and Issa (2013) also found that no incentives were in place to
encourage college students to pursue BIM oriented career path. Similarly, companies
tended to overlook college students as a potential BIM talent pool, and very few of
them had considered college students in their BIM workforce planning. Despite the
insufficient interaction between industry in BIM talent acquisition and college BIM
education, industry and academia still share a common vision of desired skillset
requirements for future BIM professionals. This can be the foundation to enhance
partnership and collaboration between industry and academia in future BIM
education, talent cultivation and acquisition.

BIM TALENT ACQUISITION: CURRENT PRACTICE

The literature review confirmed the impacts of BIM on skillset requirements for future
construction professionals and the needs for companies to adapt their strategies in
talent acquisition to prepare for the transforming market. Yet there is very little
published research that has evaluated existing practice in BIM talent acquisition in the
construction industry. Without an established baseline case, it is difficult to assess the
strengths and weakness of the current system, or to identify possible opportunities and
solutions for improvement.

Survey Methodology

In order to address the three research objectives (ROs), an online survey was designed
to gather information on the following aspects of BIM talent acquisition: demand, job
profile and qualification, talent source, recruiting, talent retention and management,
and future outlook. A total of 840 email invitations were sent through the recruiters'
listserv from Rinker School of Building Construction at University of Florida and the
buildingSMART alliance member listserv. Ninety-nine (99) completed questionnaires
were collected, with a response rate of 11.8%. The low response rate is commonly
seen in online surveys (Nulty 2008) and one of major limitations of this research. This
yields a +/- 6.4% margin of error at 95% confidence level. The survey used various
types of question design, including Multiple Choice, Matrix Table and Likert Scale.
Skip logic was employed when certain questions were looking for participants with
specific background. As a result, some questions might have fewer than 99 responses.

Survey Results

Architectural firms (24.2%), contractors (23.3%, including construction managers,
general contractors and specialty contractors) and consulting firms (15.2%) are the top
3 groups of participants in this survey. Various engineering firms (civil, MEP and
environmental) responded (14.2%) except for structural engineers. Other respondents
include owners (8.1%), product manufacturers/distributors (2.0%), software vendors
(1%) and others (12.1%). Most respondents are either directly involved (as final
decision-makers, leading or supporting recruiters) with talent acquisition (41.4%), or
have medium or high influence on it (39.4%).

Identifying BIM talent demand
To determine the demand for BIM talent, the survey focuses on: 1) how often do
companies participate in projects that mandate use of BIM, which constitutes as a
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challenge; and 2) how much BIM contributes to the annual revenue, which is an
incentive. As shown in Figure 1, between the years 2008 and 2012, companies'
business portfolio has been drastically transformed from BIM-marginal (low
frequency of projects that mandated BIM, see the dashed trendline) to BIM-essential
(high frequency of projects that mandated BIM, see the solid trendline). Notice that
only exponential trendlines for "less than 10%" and "more than 75%" were illustrated
in Figure 1. The purpose is to make the greatest contrast and show the rapid shift from
low frequency to high frequency of mandated use of BIM in projects. Similar
methodologies were used in subsequent Figures 2-4. During the same period of time,
as shown in Figure 2, contribution by BIM to companies' annual revenue was
increasing steadily, following an upward trend similar to that in Figure 1.
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Figure 1. How often did your company participate in projects that mandated use of BIM?
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Figure 2. How much did BIM contribute to your company's annual revenue?

The demand for BIM talent has also been influenced by companies' workforce
planning and the incentives that companies have perceived to adopt BIM. Most
companies (53.6%) considered themselves "proactive™ in workforce planning, driven
by projected BIM business growth to acquire BIM talent. In contrast, about a third
(28.6%) of the companies admitted to being "reactive"”, and only hiring when there is
an immediate need for BIM talent (e.g. a project they were bidding on specified BIM
as a desired qualification). In terms of incentives, companies felt most motivated by
the perceived internal business benefits from BIM adoption (34.1%). They also felt
encouraged to acquire BIM talent to more competently explore new business
opportunities (20.9%). The third highest ranked incentive (16.5%) came from the
owners' demand, as companies felt that owners might mandate BIM sooner or later.
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Companies' historical hiring statistics offer reliable evidence for the rising BIM talent
demand. Figure 3 provides a comprehensive summary of the participating companies'
recruiting data over 2008 to 2012 in two major types: Type 1 - hiring that listed BIM
as a qualification; and Type 2 - hiring that was dedicated to BIM. These exponential
trendlines suggest that both types of hiring for BIM talent are increasing in terms of its
percentage in total hiring, although at slightly different paces. The constituents of
employee are shifting from BIM-marginal to highly BIM-relevant.

qaae

Figure 3. How many newly hired employees in your company were 1) listing BIM as a
qualification or 2) dedicated to BIM?

BIM job profile and qualification description

Aligned with Research Objective 1 (RO1), the impacts of BIM on skillset
requirements for future construction professionals were directly reflected in the
description of BIM job profile and qualification. The emergence of BIM-prefixed job
titles provides some insights. As found out in this survey, BIM Coordinator (47.1%),
CAD/BIM/VDC Manager (42.4%), BIM modeller (31.8%) and BIM Director (29.4%)
are the most popular BIM job titles among participants. But there were also a
considerable number of people (28.2%) who chose not to use BIM in job titles. Very
diverse opinions were observed on whether or not the company should define Job
descriptions and qualifications when advertising BIM positions, with almost
equivalent proponents (54.1%, 52.4%) and opponents (45.9%, 47.6%). To go in more
depth, more than half of the participants in this survey found Technical/Functional
Skills (74.1%), BIM Workflow/Strategic Plan and Execution Knowledge (61.2%),
Multidisciplinary Model Management Knowledge (55.3%) and BIM Communication
and Collaboration Skills (54.1%) most desirable qualifications. Companies relied
predominantly (58.8%) on previous experience and reference checks to assess
candidates' BIM competencies when hiring. Some companies also used Internal
Metrics and Standards (27.1%), instead of Industry Certification/Credentials (e.g.
AGC Certificate of Management - BIM or Autodesk Certified Professionals) (5.9%),
which revealed that there is a lack of common metrics and widely accepted standards
for BIM competency evaluation in talent acquisition.

Identify the source of BIM talent

Sources of BIM talent are also important to RO1 since it reflects the overall quality
expectation of the talent acquired by the company. Training and educating employees
was the top option (chosen by 17.8% of the respondents in recruiting 80% or more of
their BIM talent) for companies at this moment, followed by free-agent BIM
professionals in the job market. College students (non-doctoral students) were
receiving more attention from companies, although still not a priority. This is probably
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attributed to the perceived strength of college students in BIM technical/functional
skills, which was identified as a most preferred qualification of BIM talent. CAD
managers were in an awkward situation. They received second lowest votes, only
better than college doctoral students who typically would not choose a career in the
industry. This may suggest that more companies have realized the substantial
difference between CAD and BIM competency in talent acquisition.

Recruiting BIM talent

As directly pertaining to RO2, BIM recruiting is an important investment for
companies. More than half (52.4%) of the companies set aside budget and personnel
for BIM recruiting, and 9.5% of them even had this as a routine. Most companies
(59.5%) still rely on conventional web-based job posting for recruiting, followed by
conventional job fairs (32.1%). New generation social media is also gaining
recognition (27.4%). Special attention was given to college BIM recruiting. About a
third of companies either hired students to fill permanent BIM positions (34.9%) or
BIM internships (31.3%). Yet, there were still more than a third of companies (38.6%)
that did not recruit college students at all.

Retaining and managing BIM talent

Recruiting is not the end of BIM talent acquisition, but a starting-point. To further
address RO2, it is extremely important to investigate what talent retention and
management strategies have been taken to sustain the success of companies’
transformation to BIM. Most companies (76.2%) did not have an established BIM
career path (like the traditional project managers and estimators, etc.). Major efforts
made to retain BIM talent include encouraging organizational learning and knowledge
management (55.4%), cultivating BIM culture and celebrating BIM champions and
success (42.2%), encouraging BIM career development (39.8%) and creating a clear
vision and goals for BIM business (38.6%). In terms of managing BIM talent, most
companies (59.0%) assign them as part of the conventional workforce, performing
both ordinary and BIM-specific tasks. About a quarter of companies (22.9%) would
put their BIM talent in existing departments and assemble them for project-based BIM
tasks. Only 13.3% of the companies had BIM departments to accommodate their BIM
talent to handle only BIM business.

Outlook of market demand for BIM talent

To address RO3, the survey revealed some deficiencies in current BIM talent
acquisition. Companies attributed such deficiencies majorly to lack of competent
talent pool (46.7%). Other challenges they found in acquiring BIM talent include tight
budget versus increased recruiting costs (37.0%), lack of opportunities to conduct
BIM business and gain project experience (30.4%). Lack of top management
commitment (28.3%) was still significant but no longer a dominant obstacle. To
facilitate acquisition of BIM talent, more than half (55.6%) of the participants
believed the key would be the continued growth of BIM business market, Enhanced
College BIM Education and Professional BIM Training (53.3%), Enhanced
Partnership and Collaboration between Industry and Academia (50%) and
Development and Implementation of BIM Standards (50%). In forecasting hiring
(dedicated BIM positions) over the subsequent 5 years, Figure 4 shows that
respondents anticipated significant increase in both frequency (as the "0" hiring
trendline drops while the "20+" hiring trendline rises) and magnitude (percentage of
"20+" hiring), where "0" and "20+" denote numbers of dedicated BIM positions
budgeted.
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CONCLUSIONS

BIM is drastically reshaping the construction industry at large, and acquisition of the
desired BIM talent becomes critical for companies to address the dual technology and
process challenge in the BIM transformation. After reviewing the challenges and
impacts of BIM on workforce planning, an online survey to identify the key features
that characterized current practice of BIM talent acquisition in the industry was
conducted. The results of the survey suggest that BIM as a trend is strengthening, with
further expanded business opportunities. The impacts of BIM on talent acquisition
were confirmed yet very few companies had established holistic strategies to address
such impacts. More sophisticated strategic planning and financial investment are
desirable to improve the status quo. Among the various efforts in meeting the rising
demand for BIM talent, organizational learning, knowledge management and
industry-academia partnership in BIM education are facilitators that deserve stronger
commitment and further development.
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Figure 4. How many dedicated BIM positions do you company plan to recruit?
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BIM IN FACILITY MANAGEMENT AND
MAINTENANCE: THE CASE OF KAISA LIBRARY OF
HELSINKI UNIVERSITY
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One of the promises of building information modelling is that it will be used during
the whole life cycle of a building. However, there are very few studies of the actual
uses of BIM and other information systems by facility management and maintenance
personnel. The purpose of this study is to clarify the daily tasks of the maintenance
personnel, the types of software used in maintenance and how the information is
handed on to maintenance. Key persons involved in the maintenance of Kaisa
Library, main library of Helsinki University, were interviewed and a member of the
maintenance personnel was observed in his work. Results show that an electrical
maintenance manual is an essential part of maintenance personnel’s work. University
as an owner has been active in developing and interconnecting FM and maintenance
tools it has implemented. However, building information models were not linked to
these systems. The representatives of facility management found a partial, stepwise
integration based on selective communication between the FM and maintenance
systems already developed a way forward. They did not find the advantages of BIM
implementation evident enough to legitimate the investments in the implementation.

Keywords: building information modelling, facility management, maintenance.

INTRODUCTION

The central goal for the development of a product model and later BIM in the 2000s
was that all the information of the building created during the design and construction
process would be available during the whole lifecycle of the building. For instance, a
forerunner of building information modelling in Finland, the RATAS project, defined
its goal in 1988 as follows (Enkovaara & al. 1988, 15) “The kernel of the RATAS
systems is a product model for structuring all data on a specific building, for the use of
design, production and maintenance.” This goal has included the promise that the
owners and facility managers can use BIM as a powerful tool for carrying out
management operations more efficiently. On the other hand, it is recognized that thus
far, the industry has mainly used BIM in design and construction and that its use in
Facility Management (FM) and operation is still in its infancy (Eastman & a. 2011,
170)

In the 2000s, it has been pointed out that 85 % of the lifecycle costs of a facility occur
after construction is completed. Moreover, approximately 20 billion dollars are
annually lost in the US alone due to inadequate information access and
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interoperability issues during operation an maintenance phases (Newton 2004). It is
argued that the use of BIM in FM will significantly help to prevent these losses
(Azhar & al. 2012, 21).

Paradoxically, it seems that the owners and facility managers, however, have not thus
far been motivated to implement BIM or invest in the creation of interoperability
between design and construction models and maintenance software systems. An
evident reason for this is that property owners and facility managers do not see
sufficient benefits to be gained or positive return in investment of the BIM
implementation (Kiviniemi 2013). The BIM literature has reacted to this situation in
three ways. First, it has been underlined that positive examples of the implementation
have to be reported to enhance the implementation in FM and maintenance. Eastman
& al. (2011) present two cases in the BIM Handbook, Maryland General Hospital and
Cost Guard Facility. In the Cost Guard facility Planning Case (Eastman & al. 2011,
168) “the project team realized a 98% time savings by using information models to
populate and edit the facility management database.” Also other authors find the
savings in the data handover in the establishment maintenance information systems as
an argument for the BIM implementation (Becerik-Gerber 2012). It can be doubted,
however, whether the savings in the information handover are a sufficient reason to
attract the interest of property owners in the implementation of BIM. Knowledge of
more substantial and fundamental BIM-related benefits related to the operation during
the building lifecycle may be needed for them to take the initiative.

The second approach dealing with the possible uses of BIM in FM and maintenance is
to interview specialists and ask them to forecast what would be the forthcoming areas
of BIM use in FM. This takes place by interviews, questionnaires and focus group
discussions. This approach produces an expert view of possible or imagined uses of
BIM. For example, Becerik-Gerber and her colleagues (2012, 434) found in their
study ten areas of the application of BIM. The most frequently mentioned among them
were: locating building components, maintaining real time data access, visualization
and marketing, and checking maintainability.

The third approach comprises attempts of defining the data structures, conceptual
diagrams and technologies that would allow the integration of design and construction
models with maintenance software systems. The suggested solutions by which to
achieve this include defining the necessary information needed in FM models,
creating BIM servers, and outlining FM object repositories etc. These technologically
oriented projects create technological conditions for the integration of the systems but
do not as such provide motives for the implementation. Also the difficulties of
integration, such as unclear responsibilities in the creation of as-built models,
problems created by the variety of software used or insufficient supply of
complementary tools in different phase of project are mentioned.

The approaches characterized above all assume the point of view of extending BIM
from design and construction to FM and maintenance. However, the activities and
needs of the owners and facility managers have not been extensively studied. Neither
the uses nor challenges of the FM software systems currently in use have been duly
reported. In this paper, we aim at contributing to the discussion of the implementation
of BIM in FM by studying the relationship between design modelling and the uses of
maintenance software in a Finnish project, the construction of Kaisa Library, the
central library of Helsinki University. We will interview ten central stakeholders of
the project and ask them to report the information tools used in FM and maintenance
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as well as their opinions on the future uses of BIM and the problems of its
implementation. We will also find out the daily tasks of a caretaker to see, whether
there are possible uses for BIM in his work. Shadowing method is used to solve this.
Before analysing the Kaisa Library case, we first characterize the state-of-the-art use
of BIM in FM and maintenance in Finland.

HISTORY OF BIM IN FINLAND

First projects to create foundation for the use of product models in construction in
Finland started already in the late 1980s. Subsequently, several national projects have
been carried out. The so-called HUT600 project in 2002 was a pilot in which models
were used in design (Hanninen et al., 2010). In 2002 the ProlT—project was launched,
with the aim of create a common practice for modeling. As a result, common product
modeling instructions were published. (Kiviniemi, 2006) At 2007 Senate Properties
published their own BIM requirements, which served as a basis for the Common BIM
requirements 2012.

The Common BIM requirements (Y leiset tietomallivaatimukset, YTV) present the
requirements for modelling and using BIM in a construction process. Finnish real
estate owners, developers, construction companies and software vendors created the
requirements. One of the series concentrates on using BIM in facility management. It
points out that building information modelling is a relatively new concept in facility
management and practices are still under construction. Because of that, the Common
BIM requirements for facility management mostly introduce opportunities and
alternatives rather than requirements.

Our research group studied several life-cycle projects carried out in central Finland in
2011. In an interview, a property manager in charge of a life-cycle project strongly
stated that a maintenance manual is an essential tool in facility management and
maintenance.

“It is an unbeatable tool for a property owner today. It’s an absolute precondition for
being able to do my job properly... The maintenance manual is a tool for a
maintenance company. It’s a tool for the management of a maintenance company. It’s
a tool for a property manager. It’s a supervisory tool for a property owner. He will be
able to see what’s going on all the time. For the users, in this regard it is a tool,
because all service requests are made using it.”’ (property manager)

Correspondingly, the property manager did not find good reasons for implementing
BIM in maintenance. One reason for this was the risk of incorrect information related
to using BIM in maintenance. An as-built model has to be done correctly and
maintained through the life cycle of a building. The model has to be reliable and if it
fails (even) once, its value is compromised. As far as we can evaluate, this statement
reflects well the state of Finnish construction industry.

“The problem is that when the modeling is done; it must correspond to the real
product. If it doesn’t, the point of modeling goes down the drain right away. And
that’s the challenge, for example when in the construction site they have done some
installations that deviate from the plans and models, so how to correct these
deviations in the drawings and models. If, even once, somebody would like to use the
models but ie notices that it’s not correct, the models will then be forgotten and they
say that let's do it like we have done before. And that is, in my opinion, the biggest
fear in modeling: who will maintain, and who is capable of maintaining the models
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through the life cycle of a building. It has to be maintained all the time. ” (property
manager)

KAISA LIBRARY: GOAL OF THE MODELLING AND DATA
HANDOVER

Our research’s site, Kaisa Library, is the central library of University of Helsinki now
with room for 1 500 000 books, 5000 customer, and 150 employees. The design
phase started in 2008, renovation and construction started at spring 2010. The building
was completed two years later and opened in autumn 2012.

It was required in the design contract that the architect and designers use modelling in
preliminary drawings. After that, modelling was optional. The goal of modelling was
to get useful data for priced bill of quantities and to secure enough space for HVAC
routings. The contractor also used IFC-models for crosschecking the architect and
engineers’ designs.

The architect made nearly 300 drawings and planning documents, of which most were
2D line drawings. However, the architect used the model for making floor plans,
indoor wall drawings, and stair and elevator charts as well as a base of those 2D line
drawings. Electrification engineers modelled the preliminary drawings. They
modelled the cable routings, but all installation solutions are not in the model. HVAC
engineers modelled the main routings in the right height. HVAC-engineers delivered
2D drawings that were from the model but all changes during the construction phase
were made in those 2D drawings only (using drawing symbols and numeric
information). The structural engineer used modelling. The main drawings for
construction were from the model as such or with minor changes. Reinforcements
were not modelled.

The data handover in the project was realized in two ways. First, all design documents
and drawings, including the models were handed over. Models were handed over both
in native and in a combined IFC format. These models can be used in future
refurbishments. 2D drawings were saved as DWG-format and PDF-format in the
University’s electronic archive. In addition, all project documents were archived in
paper form.

Second, information was collected by a separate procedure for the RYHTI
maintenance manual. Ryhti is a product of a Finnish building services consulting firm,
Granlund Oy. The main users of the maintenance manual are caretakers, technical
building managers and in some cases, contracted service producers. The coordinator
of the maintenance manual (an employee of Granlund Oy) sent a comprehensive list
of required information to designers and contractors. There were 13 named sources of
information in the list and additionally, 35 other smaller suppliers. The number of
different types of information, the source of information and some examples are
depicted in Table 1. Information in the maintenance manual is in PDF-format so it is
easily opened and read. The maintenance manual does not include models.
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Table 1: Sources and number of different information types gathered in the maintenance
manual

Source of information Number of items Examples of information
of data required

Architect 6 Basic information, location drawings, window
schedules

Structural engineer 4 Types from structures, system description

HVAC engineer 9 Catchment area drawings, target values for indoor
conditions

Electrical engineer 9 Catchment area drawings, target values for electricity

consumption

Main contractor 2 Material information

Ventilation casing 2 Device card information

Pipe contractor 4 Device card information, repair and care instructions
Ventilation contractor 4 Device card information, repair and care instructions
Automation contractor 5 Device card information, repair and care instructions
Electrical contractor 6 Device card information, repair and care instructions
Sprinkler contractor 5 Sprinkler location drawings

Reserve power contractor 3 Device card information, repair and care instructions
Elevator contractor 2 Device card information, repair and care instructions
Other suppliers 35 Use, repair and maintenance information

TOTAL 96

The information handed over to the electronic archive guarantees that all possible
information is in use for future refurbishments. The data collected for the maintenance
manual are the information most needed in the everyday maintenance work.

THE USE OF INFORMATIONAL TOOLS IN MAINTENANCE
WORK

As part of the study, the work of the caretaker of Kaisa Library was shadowed for two
days. Shadowing is a research technique, which involves a researcher closely
following a member of an organization over an extended period of time. The
researcher follows the person being shadowed everywhere he or she goes and takes
field notes about what the shadowed person is doing, with whom is he or she
discussing, and the times and contents of conversations. (McDonald, 2005,
Czarniawska, 2007) The data consist of 9 hours of audio and 5 hours of video
material, and the field notes. In the analysis, the recordings were watched and listened
to and with help of them a data template was filled. The data collected included 61
events, the starting and finishing times of these events, conversations related these
events, and the software used. The events were categorized into 10 main types of
tasks. The tasks, the number of different events and the time spent in these tasks are
listed in Table 2.
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Table 2: The caretaker's tasks

Task Explanation Time spent  Number of
(minutes) realized events
Following the work of Following the work of subcontractors, 135 11
subcontractors commenting, helping
Leading subcontractorsto  Opening doors, guiding routes 88 12
their posts
Regular inspections Monthly inspections in ventilation 75 5
plant rooms
Repair and maintenance Repairing things, changing fuses, 64 7
tasks putting warnings of falling snow
Using automation and Checking automation system, 48 7
maintenance software maintenance manual, e-mail
Checking smoke detector Regular test of smoke detector system 42 1
system
Looking for and delivering  Looking for information from papers 41 4
information and software, delivering it to
subcontractors
Investigating announced Investigating faults for further 36 6
faults and problems measures
Conversation with users, Getting and giving feedback, 17 7
feedback changing information
Ordering subcontractors Ordering subcontractors for falling 9 1

snow

The analysis shows that the caretaker spent most of his time following, guiding and
helping subcontractors and other workers. The caretaker followed the subcontractors'
work, listened to them and collected “silent information” about the repairs. The
second biggest part of his time was spent leading subcontractors to their posts. Kaisa
Library is a complex building and the most of the routes contain locked doors. The
caretaker guided the routes and opened doors to subcontractors.

Third, the caretaker made regular inspections in ventilation plant rooms. He inspected
every ventilation plant room monthly to secure that everything worked correctly. The
fourth task consisted of small repair and maintenance tasks such as changing fuses and
putting up signs and fences to warn about falling snow.

Fifth, the caretaker spent time on his computer checking the building automation
system, checking and filling the maintenance manual and reading his e-mail for
service requests.

In addition to these tasks, the caretaker also spent time checking the smoke detector
systems, looking for and delivering information, investigating reported faults and
problems, discussing with users and ordering subcontractors.

Table 3 presents the software used by the caretaker and the main uses.
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Table 3: Software the caretaker used

Software Use Number of realized
events
Trend — building Watching data sent from control panel switchgears 3
%’;g%aetriﬁgnﬂ?/;zﬁ:gy Keeping track of room temperatures 1
Keeping track of daily energy consumption 1
Checking ventilation system diagrams 2
Checking alarms 4
Atmostech — building Checking ventilation system diagrams 3
automation system Keeping track of daily energy consumption 1
Checking a meter read-out 1
Looking for information about devices for the 2

maintenance manual

Ryhti — maintenance Tagging tests and regular inspections done 2

manual Keeping track of monthly energy consumption 2
Checking, responding and commenting service 2
requests 1
Checking a use register

Tampuuri — Keeping track of monthly energy consumption 1

maintenance manual . .
Looking for last year data for a new maintenance 2

manual

E-mail Getting service requests 4

The caretaker used two building automation software, two maintenance manual
systems and e-mail. The caretaker used building automation software for keeping
track of and observing the general condition of buildings. He checked alarms, read
diagrams and meters to get an overall picture of the buildings.

The caretaker used Ryhti maintenance manual in tagging tests and the regular
inspections made. He also checked and commented on service requests and kept track
of energy consumption. The other maintenance manual was used only when he tried to
find out information on another building he took care of besides Kaisa Library.

VIEWS OF THE STAKEHOLDERS ABOUT THE POSSIBILITIES
AND CHALLENGES IN UTILIZING BIM IN
MAINTENANCE AND FM

The coordinator of the maintenance manual, the caretaker and the contact person of
the library had no views about either the possible uses of BIM in maintenance or the
requirements for utilizing it. This was evidently because they mainly operated with
RYHTI and other maintenance software and were not knowledgeable of BIM.

The architect had doubts whether there was anyone capable of maintaining the model
and its information content in maintenance. The HVAC engineer and the BIM expert
also thought that maintaining the model would require skills of the maintenance
personnel. However, the HVAC engineer and the BIM expert found many possible
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uses for model, such as space management and planning and scheduling maintenance
tasks.

“If they don’t maintain it [the model], it will lose its meaning. And I can’t tell what
will happen to it [the model] within the next 10 years, for example. Like, who is the
person to maintain the model? ” (architect)

“In my opinion, it [the model] would need to be useful. It is good just in the
construction phase, but it seems senseless if its use ends there. It should be able to be
used somehow for this sort of maintenance manual data, or that it would be directly
obtainable to maintenance software.” (BIM expert)

Persons in the real estate administration responded positively towards modelling. The
property service manager combined BIM to environmental issues and simulations and
meters in energy consumption. More generally, he found it potentially useful to have a
model for calculation and simulation. The HVAC Coordinator thought that using
models in maintenance would require simplification of the designers’ models. The
different maintenance models should be allocated to specific tasks so that they contain
only the needed information.

“But if we want it [BIM] in use in maintenance, it should be able to be reduced so that
all its elements are in a scale that is reasonable in maintenance. At this moment, these
needs [between different maintenance and repair tasks] diverge so greatly that it
would be possible to use the reduced model in different sectors such as fire safety,
electro-technical repairs, and controlling different dangerous situations... The use of
this building information model should be increased the right way, the use of this
heavy model as reduced, controlled, and allocated to different actions.” (HVAC
coordinator)

The technical building manager was hesitant about the benefits of models and
suspected it would be time consuming and expensive to build a useful model. He
imagined that models could be useful in getting a better picture of a room or space for
renovation and in helping with making contracts with service providers.

“...One can't always remember the shape of a space so then, if you could perceive it
better with a picture, and then maybe if more people had to discuss one thing so there,
in that situation, it perhaps (-) I don’t know, were you looking for something like
this?” (technical building manager)

CONCLUSIONS

Our expectation at the beginning of the study was that the central library project
would elucidate the relationship between design and construction modelling and the
FM information systems. It, however, turned out that the owner and the client wanted
the project modelled only in the early stages of design. The client announced that it
would not pay for modelling after the early design phase and the decision of the use of
models was left to the designers. For this reason, an as-built model never emerged and
the possibility of interaction between design modelling and maintenance software
disappeared.

The case, however, showed that the Facility Management had been active for years in
developing and interconnecting FM and maintenance tools it had implemented. These
tools included Optimaze space management system, RYHTI maintenance manual,
ATOP cleaning systems, and an electronic archive of drawings of all buildings as well
as the newest system, a system for planning the care of the outdoor area. The owner
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underlined that information can be exchanged between the systems. For this, the
property owner has asked the vendors of Optimaze and RYHTI systems to develop a
function that makes the communication between the two systems possible. For the
Facility Management it was a challenge to get these information tools into efficient
use. They thought that the uses of BIM models would not provide an essential added
value in relation to the informational systems already in use. In addition, they thought
that the use of the design of BIM models would be too demanding both for the facility
management and even more for the maintenance personnel. The challenge for the FM
is to get the RYHTI maintenance manual into efficient use.

The representatives of facility management did not see concrete uses that would
exceed the possibilities of the present uses to be valuable enough for the investment in
maintaining the BIM models. The management, however, believed that the utilization
of the models would proceed. They thought that the possible progress would realize
by requiring the designers to provide models from which the key information could be
directly transferred to Optimaze and RYHTI. This solution would, however, require
that the parts and sets of information needed for these two systems should be defined
in a way that specifies the requirement for the designers.

The case shows that instead of defining possible or imaginary uses for BIM model, the
starting point should be shifted to the needs of the owners, who will be in a key
position in enhancing the utilization of BIM in FM and maintenance. Maybe a
rethinking of the concept of BIM is also needed. It has strongly been emphasized that
the stakeholders should share all information during the lifecycle. It might be more
realistic to recognize that the FM and maintenance information systems are an
essential part of building information management with their own functionalities and
contents that differ from the models developed to be used in design and construction.
A partial, stepwise integration based on selective communication between systems
may be the way forward. Such steps of integration between multiple information tools
will partly take place locally according to the needs of the owners.
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A DECISION EVALUATION MODEL TO CHOOSE
BETWEEN MANUFACTURING OFF-SITE OR ON-SITE
METHODS FOR CONSTRUCTION OF HOUSE
BUILDING PROJECTS

Hussein Elnaas®, Philip Ashton? and Kassim Gidado®

School of Environment and Technology, University of Brighton, Brighton, BN2 4GJ, UK

Despite the wealth of knowledge and information on off-site manufacturing systems,
current decision making models do not adequately provide a clear cut choice between
using offsite manufacture of building elements and onsite in-situ construction,
especially at the pre-construction stage. This paper describes the development of a
Decision Evaluation Model (DEM) that provides this opportunity particularly for
house building projects. The primary objective of the model is to improve the quality
of information on which the decision is based. Having carried out an extensive
literature review, primary research data and information was collected from 30
structured interviews, questionnaires completed by 30 selected respondents, and 30
case studies made up of 15 manufacturing ‘offsite’ projects and 15 projects using
‘onsite’ construction methods. A robust set of factors have been identified, measured
and ranked according to their significance in the decision. Using these factors, a
methodology has been developed to measure and evaluate the characteristics of a
project, which forms the core of the DEM. The developed model enables decision
makers to clearly establish whether to use offsite or onsite construction as a
construction strategy. The DEM model provides the opportunity to assist the
construction practitioners and clients in making decisions based on adequate data and
predictable outcomes against any given project within its environment.

Keywords: decision making, decision evaluation, construction strategy, off-site
manufacturing

INTRODUCTION

Since 1998 when Egan recommends the use of offsite innovations in construction
(Egan Report, 1998), the UK house building industry has faced additional demands
such as: the call for a reduction in CO2 emission and the environmental impacts of
buildings, shorter project duration and costs savings, reduction in defects, elimination
of accidents and ill health, and improvement in house building supply rate (NHBC
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House, 2009; Ross et al., 2006 and Housing Forum, 2004). Experts have suggested
that traditional form of construction is failing to meet these and future demands.
Blismas and Wakefild (2007) stated that Off-Site Manufacturing (OSM) can
contribute to meeting some these demands facing the construction industry. Housing
Corporation (2007) suggests that the potential of using OSM may be a key vehicle for
driving the process and efficiency improvements within the house building sector.
However, despite this opportunity, Goulding et al (2012) stated that the uptake of
OSM is much lower than expected in the UK construction industry. The reason for
this has been identified to hinge on the many issues and questions that need to be
addressed within the client's or the practitioners' decision making process that leads to
the use of OSM for building projects. This work provides the evidence to support the
need for the development of a new model to assist the construction professional to
make decisions on whether to use offsite systems or onsite methods of the
construction particularly for house building projects.

THE NEED TO ESTABLISH THE CONTEXT OF THE DECISION
MAKING PROCESS

Whilst there exists decision support systems and evaluation techniques, Pasquire and
Gibb (1999) argued that decisions to use offsite techniques in construction are still
largely based on unreliable/subjective evidence rather than accurate data, as no formal
measurement procedures or strategies are available. Further, Blismas et al. (2006)
stated that the decision making process that is used to evaluate to what extent a
component or a building system should be produced offsite is inadequate. Elnaas el al.
(2012) argued that despite the wealth of knowledge and information available in the
UK, the house building industry seems to be failing to use existing models and
systems designed to improve decision making.

Industry professionals have expressed their interest in the process of Off-Site
Manufacturing (OSM) systems in construction, however due to the lake of expertise in
the area of OSM decision making, some professionals have simply avoided the use
these technologies (Ogden, 2010). A major reason, established by Pasquire and Gibb,
(2002) is that contractors are unwilling to adopt OSM because they have difficulty
ascertaining the benefits that would add to their individual project.

CIRIA (2000) reported that the decision making process used to evaluate the
application of OSM in the construction process is poorly understood. Pasquire et al
(2004) have re-emphasised the inadequacy of the decision making process, while
Blismas et al. (2006) said that decisions regarding the use of OSM are often unclear
and complex. Pasquire and Gibb (2002) added that the decisions used in the
construction industry seem to be based on anecdotal evidence rather than reliable data,
as no formal measurement procedures or strategies are available. Pan et al (2008)
reminded practitioners that with increasing pressure on construction professionals to
improve efficiency and to make decisions quickly, there is a lack of rational, robust
and balanced decision criteria for building system selection in house building.

The literature review clearly indicates that there has been very little evidence to
suggest that the existing decision making systems designed in the context of OSM are
meeting the current needs of the construction practitioners. Therefore, there is a need
for a mechanism to be designed based on robust knowledge of decision making
methodology in the house building industry.
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Elnaas et al., (2012) defined that decision making is an on-going task, carried out
throughout the project life cycle and it is the process of problem solving activity,
through making a conscious choice or selecting to achieve an objective or desirable
outcome. Further, Lucey (1997) stated that making decisions must decide by some
means to choose the outcome or outcomes which are desirable to decision maker(s)
and to do so after some form of appraisal of the situation. While, Choo (2006)
declared that an alternative decision is considered most favourable if it is greater to all
other alternatives when a single, consistent set of criteria is used to compare all the
available alternatives. Abdullah and Egbu (2010) argue that the best decision should
be supported with sufficient information and knowledgebase of the decision making
context.

In this research, the context of making the decision is to determine and choose
between manufacturing OSM systems or onsite methods as a construction strategy for
house building projects. This will require an optimum decision strategy which
involves careful understanding, measurement and evaluation of a number of drivers,
constraints and factors that can have the most influence on successful decision making
process.

THE RESEARCH METHODOLOGY

Mixed methods were employed throughout this research using both qualitative and
quantitative approaches for data gathering including literature search and review,
semi-structured interview, questionnaire survey and case studies. A total of 30
interviews were carried out using semi-structured form with leading construction
professionals and members of BuildofSite (BoS) organisation. All the interviewees
were senior managers and directors with responsibility for making company policy
decisions including clients, contractors, consultants, project managers, design
managers and construction managers. This mixed range of views and opinions
explored how decisions to use OSM systems were currently being made in the house
building industry.

A further 30 case studies, which included 15 projects using OSM systems and 15
projects using on-site construction methods, were conducted. This provided a
comprehensive set of factors and the impact of each factor on the outcome of the
decision made when considering to use or not to use OSM systems for house building
projects. This research has focused on typical domestic housing developments
consisting of one to four bedrooms homes, flats, apartments or accommodations units.

A questionnaire survey targeted house builders using the data obtained from
construction professionals on decision making to use of OSM systems; and further
explored how decisions to use onsite construction methods were currently made
within the industry. The survey was sent out to the top 100 UK construction
contractors involved in house building projects. The questionnaire has been designed
in a manner to enable respondent to answer either from past experience or from
current on-going projects. There were 36 responses collected but only 30 were
included in the data analysis simply to equal the number of interviews that have been
conducted.

The outcomes of which were used to establish 16 themes of decision factors and a
selection criteria. The data obtained from both offsite and onsite studies were analysed
using a five point likert scale. In order to derive frequency index, importance index
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and significance index for each factor. The frequency index (Fi) was derived and
established using the following function:

Fi=100 * > (f/F)
Where:

f
=

Whilst, the importance index (Ip) was derived and established using the following
function:

Ip=100Y (a * f)/AF

frequency of possible weighting
total number of respondents

Where:
a = the weighting
A = maximum possible weighing
f = frequency of possible weighting
F = total number of respondents

Moreover, the importance indices were used to calculate a significance index (SI) for
each factor on both offsite and onsite data using the following equation:

SI = Importance index (Ip) * Frequency index (Fi)

Having established the importance and significance indices of the sixteen themes
factors, the severity indices (Svl) are calculated as the difference between significance
indices of 'offsite’ and that of 'onsite’ for each theme in the matrix. If the value of
severity index of a factor is positive (> 0), then the decision favours using offsite.
However, if the value is negative (<0), it means that the decision is in favour of using
onsite construction methods for a given project.

The decision maker may need to come back and check the impact and
interrelationship of the importance indices of some factors if the value of severity
index of a factor is equal zero (= 0). The severity index matrix could be presented
using a simple Microsoft Excel spread sheet, which should give a summary of all
information of the theme decision factors.

THE DEVELOPMENT OF DECISION EVALUATION MODEL
(DEM)

A critical success factor for any model that is expected to be used by practitioners is
its user friendliness and simplicity. The proposed new model has been designed in
four phases, identified in Figure 1. The four phases were identified by this research
whilst analysing the data and information collected from the interviews,
questionnaires and case studies as part of the model development stage of the
research.
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Decision Evaluation Model (DEM) Process

Identify Factors to Evaluation of
Measure "1 Project Priorities

Y
A 4

Decision Evaluation

Decision Making

Figure 1: Illustrates decision evaluation model process

The first phase of the model deals with strategic planning of the project from the
client's statement of need, brief development to project scheme development. It
involved basically the identification of project priorities. Phase two involved the
establishment of a means of measuring the impact of the 16 theme factors based upon
the project in question. As part of the third phase, the severity index was developed
using the importance and significance indexes of the factors to be used as database for
the evaluation of decision. Phase four involved the development of mechanism for
evaluating project characteristics in order to make a decision on whether to use offsite
or onsite construction methods based on adequate data and predictable outcomes.

Blismas et al (2006) argued that the evaluation method used within conventional
decision making process is often by considering cost of materials, labour and transport
and its associated costs into account when comparing various construction methods.
While other sources of value, such as quality, health and safety, process, procurement
benefits are not often evaluated in monetary context, either implicit or overlooked
within the selection. Further, Laing et al (2008) stated that the large majority of cost
modelling work focused onsite work, but a detailed appraisal of offsite procedures
would in itself be a useful outcome. They also argued that accuracy in estimating must
be drawn from an understanding of the factors in a given situation, rather than relying
on a general mathematical technique. Thus, the new model was developed to address
this significant challenge rather than to make decision based on subjective evidence.
The DEM model has been developed to be used in practice to structure the decision
making process, improve the quality of information on which the decision is based,;
providing the end user with a user friendly interface to assist in making decision
against any given project within its environment.

PRESENTATION OF DECISION EVALUATION MODEL (DEM)

The Decision Evaluation Model (DEM) has been developed and presented as shown
in Figure 2. The DEM follows the four basic phases described earlier:

e Decision Selection Matrix

e Evaluation Priorities Matrix

e Decision Evaluation Matrix

e Decision Making Outcomes

The four phases involved in the development and evaluation process of making
decision will drive the process of identifying an optimum decision strategy involving
careful measurement and evaluation of number of factors that can have the most
influence on successful decision of choosing either manufacturing 'offsite’ or using
‘onsite’ methods as a construction strategy of any given project. These phases are
detailed as following:
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Phase 1 - Decision Selection Matrix

The DEM model begins with the evaluation of client’s statement of need and the
outcome of brief development into its first phase, in order to identify project priorities
and desirable outcomes of project. The project priorities need to be set and named
according to the established16 themes of decision factors that need to be considered
based upon their significance on the project.

Having identified priority factors of the project, the model functions by using codes
for each of the 16 factors as shown in the figure (i.e. A: Time, B: Quality, C: Cost, D:
Predictability, etc.), which is the only input data is required into the model. The user
will evaluate those factors using the Decision Selection Matrix of the DEM depending
upon their priorities and significance for given project. Each single factor will be
evaluated versus the other 15 factors in the matrix, by putting the code of the right
factor that can add value to the project depended upon its set up priorities in the
suitable cell in the matrix. The value here can be referred to how desirable a particular
evaluation outcome is, the value of alternative between each two factors versus each
other, whether in money, satisfaction or other benefits, for willing project outcomes.

DECISION EVALUATION MODEL (DEM)

CLIENT

[PROJECT REF.

PROJECT NAME

PROJECT LOCATION

DECISION EVALUATION MATRIX

TOP 10 RATED FACTORS FOR PROJECT | Severity Svl| +QUANT | DECISION

A. Time F1 | B. Quality 48.75 48.75
8 | B. Quality 2 | F2 | P. Market Demand 174 50.49
g +ve (off-site)
3 -ve (on-site)
c |8 |c cost E | /3 | K safety -14.85 35.63
=
o | 8 | c [D. Predictability | F4|cC Cost -41.16 552
e [ 8| €| o |E interface Issues F5 | 1. Productivity 328 224 ON-SITE ||De(|sm based on the Top 5 factors
Al s | c| | F [F Envionmental issues F6 | O. Planning Issues -3.06 530 ON-SITE  [[Decision based onthe Top 6 factors

A8 | c]o| e | 6 |G Performance F7 | A. Time 35.47 30.16 OFF-SITE ||Demsm ed on the Top 7 factors

Alsc]o|w F

H. Labour > G. Performance 1130 41.46 OFF-SITE Deci based on the Top 8 factors
Afls | c ! ! G 1. Productivity 2 | o [D. predictability 15.49 56.95 Decision based on the Top 9 factors
J. Lack of Space F10 | E. Interface Issues 8.66 65.61 Decision based on the Top 10 factors.

°

Moderately Important
3

DECISION FACTORS SELECTION MATRIX

Alslclo]e]lr|e] |
ke | x| x|k |k |[e| x| x][ K [k safety
A B c D E F G L L K |L. Project Complexity FINAL DECISION SUMMARY
Al |lc|ole|m]|es|m M | k[ L ] M. Logistics Issues NUMBER OF FACTORS CONSIDERED | 7
A B c D E N G N N K L M | N. Availability of Resources METHOD | Off-Site Construction Methods
A B o o [} [} G o o o o 0 | 0| 0. Planning Issues DATE 15/05/2013
3 3 3 3 E P P P P P L P P | P | P. Market Demand DECISION MAKER / USER GK
EVALUATION PRIORITIES MATRIX
Factor Code A B c D E F G H 1 J K L M [N o P
Occurrence (0) | 9 [ 14 | 10 [ 8 | 8 | s [ 9| 2 [0 ] 2 |11 | s | a|3] 10| 12| (Occurrenceof each Factor Code in the Matrix)
563 | 875 | 62.5 | 50.0 [ 50.0 | 313 [ 563 | 63 | 625 [ 63 | 68.8 [ 31.3 | 25.0 [18.8] 62.5 | 75.0 | (Frequency (%) of Each Factor)
7 | Fr | | ko [Fo|Fa| k8 | Fis | ks [ F6 | B3 | 2 | F13 [Faa] B | F2 | (F1to F16, Where F1 being the Highest Rate & F16 the Lowest Rate)

Figure 2: Illustrates the design of the Decision Evaluation Model (DEM)

Phase 2 — Evaluation Priorities Matrix

The focus in the second phase is to evaluate the project priorities into three sub-stages.
Firstly, the factors codes entered in Decision Factors Selection Matrix (stage one), will
be used to generate number of occurrence automatically for each factor. The function
used to derive the Occurrence Indexes (01i) as follows:
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Where:

0i=>(axf)
a= weighting

F = frequency of possible weighting

Secondly, the number of occurrence will be used to calculate frequency indexes of
each factor. The equation used to derive the frequency Indices (Fi) is as follows:

Fi =100+ » (0U/p)

Where:
0Oi = Occurrence index of each factor
F = total number of possible factors

Thirdly, ranking those factors based upon their significance, which will be
automatically generated using the frequency indexes. This ranking system will rank
and put in order the factors that can have the most influence on decision for project
from F1 to F16, where F1 the highest and F16 the lowest ranked factor in the
evaluation of project prioritisation stage. The characteristics of each factor will
possess to a greater or lesser extent of value on decision and outcomes. In this stage,
each single factor can be ranked from F1 to F16. Thus, multi-equations of probability
used to derive the rating Indices (Ri). This means that there is a 16 probability of a
chance for example to be F1.

Phase 3 — Decision Evaluation Matrix

The function of Decision Evaluation Matrix is quantified by taking the top ten ranked
factors from the outcomes of previous stage to be considered at this stage in order to
evaluate them in favour of project. The model will record those factors automatically
based on their significance ranking F1, F2, F3 — F10, respectively in column three of
the matrix. A severity index will also be recorded for each factor in column four of the
matrix using Severity Index Matrix (database), in order to calculate and generate
quant indices (Qi) and recorded in the fifth column of the matrix. This will indicate
and make a decision on whether the project is in favour of using offsite or onsite
construction methods at F5, F6, F7, F8, F9 and F10. The DEM will automatically
indicate based on Quant indices (Qi) that the decision is to use offsite at any factor,
F5, F6, F7, F8, F9 and F10 if its value to use offsite is greater than or equal zero (> 0)
or if the value indicated positive (+) value. In contrast to this, the decision is to use
onsite at any factor, F5, F6, F7, F8, F9 and F10 if its value to use offsite is less than
zero (<0) or if the value indicated negative (-) value.

Phase 4 — Decision Making Outcomes

Having the mode deliberation and the inclusion of factors 5, 6, 7, 8, 9 and 10 all
indicated to use either offsite or onsite construction methods should be used. The user
or decision maker has essential role in this final phase of the model to decide how
many factors should be considered among the top ranked factors if not all ten factors,
which have the most potential for achieving predictable of project outcomes. Because,
there can be different decision outcomes on whether to use offsite or onsite methods at
each factor F5 to F10. Among the development of the model, the authors established
that the decision should be based on minimum of 5 factors and maximum 10 factors.
This was taken into account because all the 30 case studies were conducted on both
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offsite and onsite projects for data collection throughout the research process were
considered between 5 and 10 factors for evaluating their decisions.

The final decision of recommended construction method, therefore, will be the
indicated methods at the end of decided number of factors to be considered at the
Decision Evaluation Matrix as construction strategy for a given project. If factors that
have been identified as the priorities of project did not appear among top 10 then the
user/decision maker may need to go back to the first stage of the model to review
his/her input data, in order to make the right decision based on project priorities and
willing outcomes.

CONCLUSION

The house building industry has the potential to address some of the challenges facing
the UK construction industry. The study highlighted that traditional construction
methods have struggled to meet these demands. This research concurs with others that
suggest the use of OSM systems could contribute to achieving government and
industry targets. In order to achieve these improvements, decision making to choose
‘offsite’ or 'onsite' needs to be better understood. This developed a Decision Evaluation
Model (DEM) to enable this to be realised.

This paper makes a contribution to knowledge in two aspects. Firstly, it has
established a robust set of decision factors that need to be considered and the
establishment of severity indices matrix that maps the impact, the importance and the
significance of these factors particularly for house building projects. Secondly, since
there is currently no formal method or decision support systems used within the
industry designed in the context of decision making, the paper presents the
development of new decision support system, DEM. The DEM functions by taking
factors that have most influence on the project, and then measure and rank each of
these factors by regarding their significance on the decision whether to use offsite
against onsite construction methods. The project decision is quantified based upon the
evaluation and priorities for project, using the database of the severity indices of those
factors.

The DEM model has been developed in collaboration with construction professionals,
to be used in practice to structure the decision making process, improve the quality of
information on which the decision is based, providing the opportunity to assist the
construction practitioners in making decisions based on adequate data and predictable
outcomes against any given project within its environment. Obtaining the right
construction strategy has to be the highest probability of project success and best fits
with the project goals, as well as overall company outcomes. The model has been
designed to be user friendly interface and to minimise the time and the quantity of
data required by the user to complete the exercise of the evaluation.
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The efficiency of a design process has a close relationship with effective information
management. However, the increasing volume of digital information makes effective
information management in design and construction organisations more difficult, in
particular in retrieving high value, high quality and, more importantly, “mature”
design information when it is needed. There is a need to develop a tool that can
assess, or indeed increase, the maturity of any design information for ease of storage,
retrieval and reuse with suitable information management tools. The engineering
industry has been striving for this for many years, and has been successful in
capturing design rationale .Based on a literature review, the aim of this paper is to
describe how the concept of capturing design rationale from the engineering industry
and its tool called the Design Rationale Editor (DRed) can be incorporated as a new
conceptual tool called the DRed-based decision-making model for use in the design
stage of construction. It can capture and evaluate design rationale and hence help
designers to make better and more effective design decisions through assessing and
perhaps increasing the design information maturity. The definition or concept of
information maturity in construction has yet to be explored and will form a major part
of future work. Future work will be to demonstrate how design information rationale
can be captured and edited along the life cycle in the digital environment through the
use of real case studies, and to address any issues and limitations on its applications in
the industry.

Keywords: design, decision-making, information assessment, maturity, modelling.

INTRODUCTION

The design process for a construction project is not linear, it is iterative; it involves
many different stakeholders and is reliant upon having the right information available
at the right time. A major challenge in a construction project derives from different
organisations relying on a large number of various data sources that are interconnected
and interrelated, yet with no proper way or tool to manage these sources in a
convenient, integrated and principled way (Franklin et al., 2005). Such an information
management issue can be attributed to a lack of a clear and concise understanding of
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the data or information generated and received between different stakeholders, such as
designers and engineers and other construction professionals, at the conceptual design
stage. This is critical to a successful project to ensure good design decisions are made
at the early design stage of a project (Raisbeck and Tang, 2009), such as at the
Concept Design stage (RIBA Plan of Work, 2013). These good conceptual design
decisions “can demonstrate a constructive approach to planning requirements and
greatly reduce the risk of costly later revisions” (RIBA 2011). In order to achieve this,
it was suggested that a small increase in upfront costs of just 2% to support
sustainable design can, on average, lead to a building life cycle saving in total whole
life construction costs of approximately 20% (Kats, 2003). It can been seen that key
decisions made at the concept design stage can generate a significant impact on the
product in terms of the way it is produced and the strategy to be marketed throughout
the life cycle of a construction project.

Research over the last twenty years has shown that the early development of design
support systems is imperative to construction projects (Franklin et al., 2005; Kolodner,
1991; Senthilkumar et al., 2010). The systems can assist designers dealing with this
massive and complex information, and can provide automated problem-solving abilities at
early design stages. At the other end of the value chain, an emphasis has been placed on
the provision of more accurate and high value information for building performance
analysis and evaluation (Klashner and Sabet, 2006).

This paper aims to demonstrate the importance of capturing and evaluating design
rationale, and how the principles of Design Rationale Editor (DRed) tool could be used to
develop a DRed-based Decision-making model. This conceptual model would assess the
design information maturity at the concept design stage of a construction project, and so
help designers and other construction stakeholders to make optimized decisions by
assessing design information’s context-sensitive characteristics and attributes. The three
major research questions this paper will address are: 1)What is information maturity in a
design process? 2) How possibly can it be increased through the evaluation and
capture of design information rationale? 3) Why is it important to adopt this
developing model in collaborative design in construction?

Research rationale

This paper is based on a literature review, where a gap was identified and developed. The
literature review revealed that the deficiency of capturing design information with the
characteristics of high value, high quality and, most importantly, “maturity”, results in
information overload and impacts the efficiency of information management in
construction. It is therefore important to assess the maturity of information used in
construction. Moreover, there is a great potential for the introduction of DRed tool
methodology to assist with the capture of design information rationale in construction.
There is a potential for integration of this method with a decision-making ,model, which
could assess design information maturity, and demonstrate the probability of success of
each design option of design packages. It is upon this probability that optimized design
decisions can be made.

In recent years, the rapidly increasing pressures of “data everywhere” creating
information overload, have resulted in practitioners needing to take more interest in and
put more effort into monitoring the effectiveness of their data and information
management. The application of digital design tools, such as Building Information
Modelling (BIM), breaks down certain information flow barriers and at the same time
bridges communication between extended design and construction teams. In practice,
commercial data from the UK construction sector also showed that BIM could achieve a
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consistent reduction of 8-18% in the cost associated with the design stages of the RIBA
Plan of Work 2013, while the upside potential of savings could be as high as 40% (BIS
2011). Moreover, there is a deficiency in generating reliable information within and
across project teams, against which a mechanism for the justification (e.g. costs and
benefits) of using BIM has to be provided (BuildingSMART, 2010). Unless the issues of
capturing reliable information at the concept design stage are otherwise addressed, the
benefits of BIM application cannot be achieved (Bernstein and Pittman, 2005).

The difficulties of retrieving high value, high quality and mature (i.e. reliable, stable,
precise and complete) design information at the concept design stage are sometimes
considered as a major shortcoming of existing digital design support tools. This has led to
a disparity between the reality and the simulation of conceptual digital building models
(Moffatt and Kohler, 2008). This deficiency is identified as one of technical reasons that
hinder the adoption of digital design support tools (Bernstein and Pittman, 2005). In fact,
during the design process of a construction project, the stakeholders become more
subjective owing to the increasing complexity of design problems and project objectives
(Nemati et al., 2002). Consequently, the ability of designers to retrieve and utilise
information is critical to the project outcome in its life cycle. There is an increasing
volume of design information, and if this is immature (i.e. unstable, imprecise or
incorrect) (Hanssen, 1997; Helms, 2000), this can lead designers to make inappropriate
design decisions, which will result in the high possibility of reworking the design, and
even be fatal to a construction project. On the other hand, the provision of mature
information can help designers make effective decisions with avoidance of immature
information being used, increase effectiveness of information management. Therefore, it
shows the need for a well-developed practical strategy for the purposeful exchange of and
integration of meaning, high value, quality and mature information within the digital
design environment.

DRed supports the function of mapping and modelling design as an information
processing activity, which has been found to help designers view, clarify and structure
their design thinking and assist with managing design tasks. The capture and evaluation of
design rationale in the engineering industry using DRed has proved to be efficient in
assessing design options (Bracewell et al., 2009). This technique can uncover the reasons
behind selecting one option over another and allows fully-evaluated decisions. It also
provides visualisation and justification of any arguments among immature design
decisions, and can possibly make a significant impact on a collaborative design process..

The framework of information evaluation provides the foundation for context-sensitive
information assessment (Darlington et al., 2008). This framework has identified the
dimensions influencing the evaluation process and defined the elements (information
object, design package); characteristics (value, quality, and in this paper, maturity); and
attributes (accuracy, reliability, credibility, relevance, accessibility and so on) of
information. It facilitates decisions to be made during the life cycle of information about
its management, such as acquisition, storage, creation, maintenance and disposal.
Moreover, it is a strategy that supports good decisions to be made concerning information
in respect of its capability to satisfy the current and short-to-medium-term problem
solving or need for decision-making. This strategy promises a basis for the development
of an automatic and semi-automatic information maturity evaluation methods

It is a potential of the Bayesian network that it could be used to assess the information
maturity of primitive tasks of the defined packages, its probability, and evaluate
information maturity attributes (such as accuracy, usability, trustworthiness and so on).
The network links various interrelated sub-components together, with each sub-
component regarded as a node. In information management and automated design, the
network can act as a probability support structure for combining the various
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characteristics and metrics into an overall assessment of quality (Tang et al., 2007), and as
a design support tool (Matthew, 2007).

NATURE OF INFORMATION IN CONSTRUCTION

Knowledge can be classified in various ways, Quintas’ (2000) "Iceberg model" classifies
knowledge as explicit, implicit and tacit. This is further explained by Tang et al. (2007),
who state “knowledge can be explicit (recorded or codified in some way), implicit (in the
mind) or even tacit (cannot be recorded and codified in any format). Explicit knowledge
can be stored as information”. This design information is uniquely designed, structured
and applied to complete a task in a project by decisions made on it. Communication
between designers and among stakeholders is a multidimensional flow of information, and
is highly dynamic and interactive.

The stakeholders in a construction project have to retrieve relevant information from other
data subjects such as colleagues, documents, drawings, models and databases. Therefore,
the ability of designers to retrieve and utilise information is critical to the outcome of the
project.

DESIGN PROCESS IN CONSTRUCTION

The execution of the design process aims to satisfy the design requirements, in order to
achieve design quality of a building, which is a combination of functionality (how useful
the facility is in achieving its purpose); impact (how well the facility creates a sense of
place); and building quality (performance of the completed facility) (OGC, 2004). Given
this, proactive thinking and planning of the design at concept design, in terms of how to
achieve design quality, is critical to the success of any construction (OGC, 2004; Emmitt,
2007). Although the introduction of digital design tools, such as BIM, help to address the
iterations of redesign in order to refine or amend the functional requirements, design
concepts and financial constraints of a project, its use for information management in
facilitating effective information management in the construction design process still
needs some improvement.

Darlington et al. (2008) discussed the foundations of a framework for information
evaluation. They also identified and defined a number of important variables, e.g. the
objects of evaluation, the high-level operational contexts in which evaluation takes place,
the motivations and post-evaluation actions associated with these contexts and how they
and information entity attributes can be mapped on to the information life cycle. This
leads to the questions about the value and quality of the design information (Tang et al.,
2010) and, more importantly, the maturity of the information in order to avoid
unnecessary design reiterations.

THE CONCEPT OF INFORMATION MATURITY

“Right information needs to be available at the right time in the right format to the right
person” (Winch, 2002). The term 'right' strongly relates to how 'mature' the information is.
There is little literature defining the maturity of information but immature information is
defined as tentative, untested and possibly incorrect information (Hanssen, 1997; Helms,
2000; Grebici et al., 2006). In construction, the Lean Management Model proposed by
Sacks and Goldin (2007) demonstrated that this method facilitates the replacement of a
fixed activities network to be scheduled for the purpose of works' completion in a highly
dynamic environment. In order to achieve this goal, the construction schedule should be
carried out according to the maturity level of the client’s and designer’s changes to
design. In the construction production phase, maturity is measured according to the state
of readiness of a work package or a task (Sacks et al., 2010). Watson (1998) stated that in
construction the accumulated data becomes information when it is mature enough and
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ready to be passed on from one discipline to another. This information needs to be
interpreted and applied by users (information creators and receivers) within the
construction contexts (Darlington et al., 2008). Otherwise, immature information will
flow from one stakeholder or knowledge broker to another. In this paper, mature
information is simply defined as high certainty information (e.g. stable, precise and
complete) that can be passed on to the next stage of the design process with the least
likelihood of re-iterations and/or other associated uncertainties, which can cause
significant impacts on the collaborative design process among stakeholders.

The concept of information maturity assessment for decision-making can refer to the
development of a number of approaches to automatic information evaluation (Tang et al.,

y

2007; Zhou et al., 2008). This concept includes the principled characteristics identified by

the above researchers as being central to information maturity assessment, including
accuracy, usability, trustworthiness (which together consist of quality), currency, benefit,
impact and relevance. Such a concept takes the manifestation of “information as thing”
rather than merely considering “information as knowledge”, since the identification of
“information as thing” provides the foundation for considering information as practical
objects for evaluation (Darlington et al., 2008). Additionally, information maturity
assessment cannot be undertaken in a vacuum, which is characterized by the set of
circumstances and facts around the event, for example, context. Therefore, information
maturity assessment has to consider the influential and common characterized
dimensions. These are the organizational, motivational and information life-cycle

dimensions. The consideration of dimensional influence supports information assessment

that can have the necessary context-sensitivity.

After taking into account the above, information maturity assessment for decision-making

could be explained by an analogy of the “tube map”. The tube map was designed to
provide the clearest information for passengers, to allow them to discover the shortest and
fastest route from one stop to any other. The design process needs to be mapped in the
same way, breaking down the process into a number of design packages, with the design
options generated within each package assessed on the basis of their information maturity
level. An optimised design decision will be made and combined with the consideration of
stakeholders’ preferences, project goals and expenditure. The “tube map” concept is
represented in Figure 1 which illustrates what information has been assessed in relation to
its maturity level.
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Figure 1 Presentation of "Tube map" concept for assessing information maturity in structure concept
design
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The x-axis in Figure 1 shows the design packages of the structure concept design, which
include the foundation, superstructure and floor slab concept design decisions, while the
y-axis represents the level of information maturity for each package (from 0% t0100%
probability). Each coloured line represents a design option. The lines above the red dotted
line (agreed acceptance level) represent the design options (orange, black and purple) with
more mature information being represented towards to the right hand side of the maturity
map. The travel routes, representing design options, take account of all decision-making
criteria that reflect probability, certainty, uncertainty, risky and possibility issues when
assessing the information maturity of multiple design options. The point where each line
intersects a vertical axis represents the level of the corresponding information maturity
variable of a particular design package. As defined, visualising results in this form allows
the designers to identify quickly the range of the level of information maturity, the
probability of the design options. For example, it can be seen that the best designs for the
beam section (which include the design options: purple, orange, dark green, red and light
green) have a higher volume of information maturity above the red dotted line (the agreed
acceptance level). This means that the five design options meet a project’s design
requirement better than those with a maturity below the acceptance level. This way of
visualizing information allows a quick assessment of information maturity levels. For
instance, the purple best design option changes after passing through the entire Girder
section, with its maturity probability decreasing. This indicates that the purple design
option for the Girder has a strong influence on the design performance, due to its
deficiency in meeting the design requirements. The optimised design decision option for
each design package can be generated in accordance with a high level of information
maturity; the final optimised design will be produced as a combination of all the best
options for each package.

The benefits of assessing information maturity are 1) the expected and targeted certainty
among designers and other stakeholders on different design options (uncertainties) are
lined up so that mature information is provided as an input certainty for the stakeholders
in the next stage of the project life cycle; and 2) a unified language for communication,
for instance, the optimised design option is the one with the highest level of maturity, is
interpreted by a singular language, corresponding to the highest probability. The higher
the probability of information maturity, the better is the design option. An agreed
acceptance level for information maturity, in others words, an acceptable probability of
information maturity, is generated among the decision makers for a specific design
package, for example, between the architect and the structural engineer when determining
conceptual superstructure structure design. The consensus reached enables the mitigation
of the probability of occurrence of arguments or conflicts that may result in design
changes. Visualizing information during the design process enables the stakeholders to
monitor the variation in maturity levels of the design options.

DESIGN RATIONALE EDITOR (DRED)

An advantage of accurate design maturity assessment is less re-design because the
organisations can measure their designs' maturity in the process (O'Brien and Smith,
1995). A better understanding of designers' interactive processes and thinking should help
to establish methods for maturity assessment which allow decision-makers and
stakeholders to forecast the level of risk on releasing a design option (O'Brien and Smith,
1995). The Cambridge Engineering Design Centre carried out research into information
capture, storage and retrieval for 20 years. Lee (1997) undertook a review of the
advantages of the available design rationale capture tools while pioneering work can be
traced back 43 years to Kunz and Rittel’s research at 1970, who developed the Issue-
Based Information System (IBIS). A tool called the Design Rationale Editor (DRed) has
been developed to assist engineering designers to structure their design thinking, to
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capture their rationale, and to reduce the need for paper work (Bracewell et al., 2009).
DRed has been popularly adopted by Rolls-Royce in the design stage of production. This
paper considers the use (and development) of this tool in relation to the definition of
information maturity in construction. This would not only allow the capture of design
rationale but could also increase the maturity of design information. The inclusion of the
design rationale in the design process makes an important contribution to decision-making
in respect of which design options work and which do not. The major contribution made
by DRed in the engineering sector is to understand design rationale for taking design
decisions by weighting multiple aspects together in the three stages of the traditional
design process. It is a linear process that consists of the design task, the creation, the
evaluation, and determination of design options.

DRed as a design rationale capture tool has been shown to improve the design process. the
listed advantages of using DRed, include the provision of better support for re-design,
learning, reuse, maintenance, documentation, project management and collaborative work
(Lee, 1997). It also allows "designers to record their design rationale at the time of its
generation and deliberation". Functionally, DRed can be complemented with the analysis
of BIM, CAD tools, Office, web and communication applications, which designers use to
support their day-to-day activities. DRed facilitates the creation of an optimised design
portfolio which is structured according to the dependencies in the design rationale,
through the capture and evaluation of design rationales. Such a tool with its
theory/methodology can assess and then increase the final design information maturity in
its routine use, which is potential to improve the design process in construction.

DEVELOPING A DRED-BASED DECISION-MAKING MODEL

The design of a new facility often begins with the search for the most relevant information
for a design. In order to support collaborative design between designers, this section of the
paper shows how DRed can potentially be developed as a conceptual DRed-based
decision-making model to capture the design rationale of designers and hence to assess
and then increase the maturity of design information in the concept design stage.
Stakeholders in this stage, such as architect and engineer who will make design decisions,
are both information providers and information receivers. Therefore, design decisions
should be made depending on the level of information maturity (agreed acceptance level),
as agreed by the stakeholders concerned (such as architect and structure engineer, in
structure concept design process), which is agreed by design team and other stakeholders.
By establishing a platform for communication, the developing decision-making model
encourages collaborative design between actors from multiple disciplines to share their
knowledge and experience about both the design process and the design content. Figure 2
shows the conceptual DRed-based decision-making model in this research and how it can
be applied to construction. In this model, the design rationale is displayed in a document
as a graph of nodes linked with directed arcs. The user creates the nodes by choosing from
a predefined set of element types. More than just to capture design rationale, it is a model
to assess design information maturity. Therefore, the key element types include design
issue, answer, argument (Bracewell et al., 2009), as well as criteria, attribute, and attribute
option. Questions to ask include: 1) What design rationale is worthy of capture? 2) In
what form is it post capture? And 3) Once the design rationale has been identified,
captured, evaluated and stored, how can it be shared with others for reuse?

As for the application of DRed, designers start on the basis of forming theories
concerning the causes of the potential problems, and are keen to find out the evidence to
support or refute them. DRed can be used to capture the track of this diagnostic activity
during its process, and Figure 2 shows the resulting chart with the diagnosis of evaluating
superstructure options by the use of a ‘traffic-light coloured’ system. All the elements in
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the DRed chart are given a colour, which represent various statuses of the elements. For
example, each superstructure design option will be judged by decision makers’ knowledge
and experience by manually assigning a colour in a range from red to green. An element
with green colour means the designers are satisfied with the diagnosis result, which is
precise, complete and correct (i.e. mature), such as in “structure system option 1 ” the
issue “REQ for typical penetrations” as shown in Figure 2. Conversely, if an element is
not satisfied by the designers, it is marked as insolvable and displayed in red, e.g. the
issue of “structure cost” in Figure 2. Different design elements are interactive, but not
isolated from each other. The linkage among the various design elements is established
based on a Bayesian Network (BN) in order to assess their context-sensitive information
attributes (such as currency, relevance and so on) within each characteristics (for example
quality, value and maturity), in which each design element is regarded as a node. BN is a
probability support network structure. Finally, the information maturity of design option 1
is assessed as having an A% probability.

A designer’s diverse assumptions are captured and evaluated as answered elements, which
will pass along the upstream routine until the issue is resolved. A successful resolution to
a design issue relies on the number of answers being accepted. The higher the number, the
higher is the percentage of the issues that are resolved. Hence, the maturity of that piece
of design information increases until it reaches its optimised level. In the example of
design option 1, if one more issue, such as “structure cost” is resolved, the information
maturity of design option 1 increases to B%. This is a higher probability which shows an
improvement to design option 1. The final optimized design decision needs to be
determined after overall consideration of all the potential design options, relying on the
assessed level of information maturity.

By visualising the design rationale, the conceptual model can: 1) monitor the design
behaviour through assessment and capture immediate design thinking ; and 2) improve
the ‘richness and clarity’ (Bracewell et al., 2009) of recorded rather than personal
information, as shown in Figure 2, and hence increase the design information maturity. It
helps to line up the targeted and expected certainty between designers and other
stakeholders .
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Figure 2 A demonstration of the conceptual DRed-based decision-making model for changing curtain
walling system in the conceptual design stage

FUTURE WORK

The definition of design information maturity in construction has yet to be explored and
will form a major part of future work. Further research is needed to demonstrate how
design rationale can be captured and edited along the life cycle in digital design
environment, such as a BIM environment (e.g. through the pre-construction, construction,
post-construction and facility management stages), by the use of real case studies. There
is a need to address any issues and limitations on its applications in the industry, in
particular:

1. Which attributes of mature information in each description should be included in
the model?
2. How can the measurement of future value of information maturity be carried out
in construction at the conceptual design stage associated with RIBA Plan of Work
Stage C?
3. How should the design rationale evaluation be carried out with multiple designers
at the conceptual design stage?
Acting too early or too late can turn a good decision into a mistake. Untimely information
flow has been proved to affect the quality of decision-making in a design process
(Whelton and Ballard, 2002). The time scale for capturing design rationale needs to be
explored further. McKenna (1994) treated this kind of decision-making model as being
based on bounded rationality and suggested that it should include three investigation
processes: the sequential consideration of alternatives; using heuristics to identify the
most appropriate alternatives; and choosing on the basis of identifying the first acceptable
solution.
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CONCLUSIONS

The volume of digitised information is increasing but some of the intrinsic characteristics
in the design process, e.g. value, quality and its overall maturity need further exploration.
This paper shows that it is feasible to develop a collaborative DRed-based decision-
making model to facilitate designers to make effective decisions in the design stage of a
construction project. Such decisions will increase the productivity of a construction
project design, in terms of cost, time, innovation, and sustainability, and will help to
strengthen a company's competitiveness. The process of understanding the nature of
information in construction will reveal that the identification of mature information (i.e.
high value, high quality information, thereby minimizing the design re-iterations or other
associated uncertainties) should be beneficial in bringing about optimized decisions in the
design stage of a project. However, the concept of information maturity in construction
has yet to be explored. In particular, when dealing with uncertainty and design changes
among designers and various stakeholders, the conceptual DRed-based decision-making
model could provide a systematic and informative way to show the optimised design
decision through capturing and evaluating the design rationale of designers, a concept
adopted from the engineering industry. In conclusion, there is a need to apply the
conceptual model to construction, to be embedded in the digital working environment,
and hence increase the information maturity level of design information among designers
in order to facilitate effective information management.
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Poorly-insulated existing buildings contribute significantly to the energy use of the
built environment. In the UK, the existing building stock is replaced at a rate of less
than 2% a year; thus, many of today's buildings will still be in use in 2060.
Retrofitting aged buildings can significantly reduce their energy use. This paper
analyses the selection process and success factors in retrofit fagcade decision-making.
Literature relating to building retrofit and fagade selection is reviewed. A case study
is conducted on a five-storey 1970s UK commercial office building, retrofitted in
2011. Data is collected via in-depth interviews with key project decision-makers, a
documentary evidence review, and thermography of the completed retrofitted facade.
The facade evolution is mapped according to seven identified project stages and the
RIBA Plan of Work 2007. The retrofit satisfied the client's aesthetic needs, while
delivering an 85% reduction in the 'wall' U-value and a 'B' rated Energy Performance
Certificate. Value engineering (VE) greatly influenced the facade selection, with less
expensive alternatives replacing original elements of the facade design. The facade's
thermal success is linked to the VE focusing on facade elements covering only a small
extent of the building. Fagade success factors key to attracting tenants (lower running
costs and aesthetics) may apply to commercial buildings in general. Thermography
aided in assessing the retrofitted thermal envelope, but to act as a tool to aid retrofit
facade selection, it should ideally involve a 'before' and ‘after' survey.

Keywords: decision-making, facade selection, multi-storey, retrofit.

INTRODUCTION

Retrofitting aged buildings can significantly reduce their energy use (Ma et al. 2012)
and "work to the outside of the envelope is likely to be sufficient for most existing
buildings™ (Mara 2010: 37). Retrofit facade decision-making is a complex area, with
strategic decisions being made under conditions of uncertainty. The literature gives
examples of methods used to aid retrofit facade selection, but also states that decisions
are often not based on well-deliberated calculations and instead, can tend to be based
on past experience and built-in norms. This paper provides an insight into the process
of multi-storey building retrofit facade selection and explores success in retrofit
facade decision-making. The multi-storey focus is driven by the tendency for such
buildings erected prior to the introduction of energy efficiency regulations to exhibit
poor thermal performance (Zavadskas et al. 2008a; Rey 2004); and is defined in this
paper as any building with more than one storey above ground level. This paper draws
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on the findings from a critical literature review and a real-life retrofit case study. The
case study has two distinct parts: to aid fagade selection analysis, data is collected via
in-depth interviews and documentary evidence; while to aid facade success analysis,
internal and external thermography is conducted. The objectives of this paper are to:

1. ldentify what facade decisions are made, when and by whom;
2. Describe and analyse how the facade decisions are made;
3. Assess the thermal performance and success of the completed retrofit fagade.

LITERATURE REVIEW

Building retrofit

Two common building energy retrofit classifications are conventional (e.g. replacing
inefficient glazing) and ‘deep-energy’ (e.g. total envelope treatment) (Rysanek and
Choudhary 2013). Retrofit strategies are also considered from an architectural view
point by Rey (2004): stabilization (not fundamentally modifying the building's
appearance); substitution (elements completely changed, transforming appearance);
and double-skin fagade (glass skin added, metamorphosing appearance). Retrofit is
defined in this paper as the addition of a building “component or accessory” not
existing when the building was originally constructed (Soanes and Stevenson 2003:
1505). In the UK, buildings are replaced at a rate of less than 2% a year, thus many of
today's buildings will still be in use in 2060 (Femenias and Fudge 2010). Retrofitting
aged buildings can significantly reduce their energy use (Ma et al. 2012). Moreover,
some buildings may exhibit factors such as poor technical quality or a dull external
image that trigger the need for retrofit. The retrofit can be a vital spark of life, not only
for the building, but for its surroundings too. Disinterest in a building can lead to
reduced occupancy, which can create a vicious circle whereby a neighbourhood
deteriorates, causing occupancy to fall further still (Braganca et al. 2007). The office
building retrofit cycle is around 30-years (Ebbert and Knaack 2007). Two thirds of
European office buildings are considered outdated (being 30-years old or more)
(Ebbert and Knaack 2007) and most “existing office spaces in the UK are older
buildings with lower standards of specification” (Chow and Levermore 2010: 307). In
2010, Chow and Levermore stated that retrofitting existing older offices to Part L
2002 standards enables them to cope with predicted changes in climatic heating and
cooling demands up to 2080. Commercial offices account for 8% of energy consumed
by the service sector, which itself accounts for 12% of total final energy consumption
in the UK (DECC 2012a: 1). These figures may seem low compared to other UK
sectors' total final energy consumption: transport (38%), domestic (26%) and industry
(18%) (DECC 2012h: 4); however, to reduce carbon emissions by 80% by 2050
“energy efficiency will have to increase across all sectors” (GOV.UK 2012).

Building retrofit facade decision-making

“The need for a decision arises when anomalous events occur” (Beach 1997: 2);
which, considering the construction industry's prototypical nature supports research in
this context (Sommerville and Dalziel 1998). Human decision-making has three main
aspects (Bohanec 2001): normative decision-making (imposes order through the use
of structured methods); descriptive decision-making (linked to cognitive psychology);
and decision support. This research focuses on the methods it considers to aid facade
selection, categorised as follows: decision-making, i.e. normative methods used to
generate a decision; and decision-support, i.e. methods used to generate an output to
aid decision-making. Descriptive decision-making is omitted from the research, since
AEC industry decisions are complex, and in such situations “confusion can arise if a
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logical, well-structured decision-making process is not followed” (Saparauskas et al.
2011: 193). It is known though that “few people make decisions on the basis of well-
deliberated calculations”, instead making decisions “by following well established and
built in norms” (Riabacke 2006: 453). Due to the cost and the long-term nature of
their investment, retrofit fagade decisions are considered strategic (Arup 2012;
Sanguinetti 2012). As such, they are likely to have long-term timescales, a high degree
of risk, an ill-defined structure, and to be heuristic in nature (Jennings and Wattam
1998). Heuristics is defined as “enabling a person to discover or learn something for
themselves” (Soanes and Stevenson 2003: 815). The fact that retrofit facade decisions
are considered heuristic is logical, given that this area occurs under the condition of
uncertainty (Sanguinetti 2012). Examples of retrofit facade decision-making are rare
in the literature; more so are examples that focus on office buildings. Rey (2004)
describes the use of multi-criteria assessment in retrofit facade selection for a 1950s
office building; other uses of normative decision-making are in a residential context:
decision-making software, with multiple criteria decision-making (Zavadskas et al.
2008b); multi-objective optimization (Asadi et al. 2012); and integrated risk analysis
framework (Sanguinetti 2012). Decision support in retrofit facade selection is used in
various building contexts: life-cycle analysis (public) (Ardente et al. 2011); weather/
building knowledge (theatre) (Pérez et al. 2011); simulation (residential) (Clarke et al.
2004); and image survey (3D laser/photogrammetry) (educational) (Klein et al. 2012).

Thermography in building facade retrofit

Thermography is a relatively new and powerful tool for building investigations, which
helps to identify defects such as missing insulation, moisture in walls, ventilation
losses, and thermal bridges (Sadineni et al. 2011). The use of thermography for
buildings can be split into two specific areas: existing building assessments, and new-
build/retrofit quality control inspections (Holst 2000). Using thermography pre-retrofit
allows structural details and defects to be identified, sometimes without needing as-
built information or destructive investigations (Stockton 2007). It also enables a more
accurate and cost effective retrofit solution, with a clearer idea on time scales and
efficiencies; and can help verify and record the success of retrofit intervention (Snell
2008). Hart (1991) suggests using thermography as a quality control tool over
contractor workmanship, especially for difficult to inspect details. Work in the field of
facade retrofit aided by thermography has been undertaken, e.g. Johansson (2012),
and Haralambopoulos and Paparsenos (1998). Hopper et al. (2012) study the use of
thermography before and after external wall insulation retrofit; suggesting benefits in
this technique that targeted key problem areas, and help to show contractors and
designers where mistakes had been made, so that similar future retrofit projects can be
improved upon. Retrofit work with thermography also identified poorly installed
doors and windows (Hayter et al. 2000), masonry cavity wall tie defects (Doran et al.
2009), and evaluated component mock-ups prior to installation (Colantonio 2001).

METHODOLOGY

In order to develop robust guidance in retrofit facade selection for the AEC industry, a
real-life case study was conducted. A case study protocol, pre-approved by the case
study company prior to commencement, served to guide the investigators (Yin 2009).
The case study gathered data from in-depth interviews, documentary evidence, and
internal and external thermography. The in-depth interviews were conducted with key
members of the case study retrofit project team. The interviewees were selected on the
grounds of having knowledge on aspects of the retrofit, to include, but not be limited
to: cost, technical function, and aesthetics; and were asked to talk freely about the
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project, with the aim of capturing the interviewees’ opinion of events (Robson 2011).
The interviews lasted approx. one-hour and were recorded and transcribed. The
interviewees are employees of the case study company and played key roles in the
retrofit project: the Managing Director (MD) acted as Developer; and the Group
Director acted as Lead Architect from the Technical Design (Stage E in the RIBA
Plan of Work 2007 (RIBA 2009)). Two further recorded and transcribed interviews
with the MD (one-hour face-to-face and 30-minutes by phone) aided in mapping the
facade evolution to the main project points and the RIBA Work Stages. Documentary
evidence was obtained from project-related documents, e.g. employer's requirements
and tender reports. Internal and external thermography was conducted once on the
completed building. A single image walkthrough style thermographic survey was
carried out in accordance with BS EN 13187:1999 (BSI 1999). External thermography
encompassed the total building facade, with internal thermography on the top floor
only. The survey was conducted on 07.12.12, from 6.45-8.45am. Key thermography
conditions were met: a 10 degree Kelvin difference between Temperature In and
Temperature Out (UKTA 2007); overcast conditions (Hart 1991); and pre-sunrise
(Walker 2004). Performing thermography post-retrofit only is a limitation of this
study and is due to the case study building having been obtained via convenience
sampling. To assess the multiple data sources, qualitative and quantitative methods
were adopted. Thematic analysis using the repetition technique (Robson 2011: 482)
was used to evaluate the in-depth interviews and documentary evidence, and the
thermography findings; while simple spot temperature (quantitative) analysis was
used to analyse thermography findings in greater detail where deemed necessary.

CASE STUDY

The case study investigated the retrofit of a real-life five-storey commercial office
building, with a focus on the facade selection. The building is located in a waterfront
conservation area in the UK, and comprises a central body (3210m2 total lettable floor
space), plus two end towers for access to each floor (186mz2 total floor space). The
building is part-owned by the case study company (an architects practice), who also
occupy the top floor. The building was constructed in 1971, from a concrete in-situ
frame, with calcium silicate brick infill panels, single-glazed Crittall windows, and no
insulation. Prior to retrofitting, the building achieved a ‘wall" U-value of 1.49 W/m2K
and a 'G' energy performance certificate (EPC) rating. The building was retrofitted in
2011, in line with Approved Document L2B 2006, and using a JCT Design and Build
(D&B) Contract - 2005 edition. The work was funded by money borrowed against a
group of eight stakeholders' (including the case study interviewees) Self Invested
Personal Pension (SIPP). The retrofit aimed to achieve an energy efficient building;
and to create a landmark building, thus demonstrating skill as architects.

The completed retrofitted building facade

The upper four floors remained as office use, while the ground floor was converted to
retail use. The central body of the building was over-clad with a class '0" insulated
render system (comprising 50mm phenolic boards at 0.037 W/m K), with stone tiling
to ground floor height adjacent to the main entrances. The south facade was fitted with
stainless steel brise soleil brackets (the aluminium louvres are not yet fitted). The two
towers are clad with uninsulated two-tone metallic-effect aluminium faced rainscreen
cladding. The cavity walls are filled with blown mineral fibre insulation. The window
sills have been reduced in height, by removing three courses of brickwork. Thermally
broken polyester-coated aluminium double-glazed ribbon windows alternated with
coloured insulated spandrel panels have been installed on the upper four floors. The

84



Construction design and technology

ground floor is single-glazed, with thermal dry-lining to the rear. Other cost-effective
building work was conducted internally and to the roof. The four upper floors have a
‘wall" U-value of 0.22 W/m2K and a 'B' EPC rating. The ground floor is EPC rated 'C".

Table 1: Overview of the evolution of the facade elements as the project progressed

Building element Fagade element 1 2 3 4 5 6 7
Cavity walls Blown mineral fibre insulation v v v v v v v
End towers Zinc sheet cladding (insulated) (VE) v vV

Metallic-effect rainscreen cladding v v v v v v
Main central part of the  Insulated render system (phenolic v v v v v v v
building board, mesh, render)
Main central front Ceramic stone-effect tile cladding v v
faade to ground floor Real-stone tile cladding v v v v v
Main central rear Brise soleil brackets v v v v v v v
fagade Brise soleil louvres (VE) v v v v
Ribbon windows to Double-glazed, aluminium v v v v v v v
:r;girnf:g;;;al front and Coloured clear spandrel glass (VE) v v

Coloured opaque spandrel panels v v v v v

Notes: The numbered columns indicate the main project points identified by the case study, to
which the eleven RIBA (2009) Work Stages (A-H and J-L) are mapped: [1] Initial concept
design (A, B, C); [2] Initial tenders received (end of C); [3] Planning application and consent
received (D); [4] Technical design and product information (E, F); [5] 2nd tenders received
(G, H); [6] Post-tender (J, K); and [7] As-built (L). A tick indicates facade element presence
in that evolutionary stage. A 'VE' suffix indicates element removal due to value engineering.

The facade selection process

The facade decisions were made chiefly by the Developer, with Lead Architect input
from Technical Design (RIBA Stage E) onwards. The fagade decisions did not occur
as per the RIBA Plan of Work; instead, seven main project points were identified and
labelled, to which the RIBA Stages were then mapped (see Table 1). The final facade
changes arose after the 2nd tenders were received (mapped against the RIBA Stages G
and H). Facade decisions were observed at all RIBA Stages except J, K and L (this
builds on the findings in Garmston et al. (2012) by providing a higher resolution of the
process in practice). Due to the UK Government’s strict financial restrictions on SIPP
borrowing, this project was extremely cost aware. The decisions that guided the total
envelope were driven (in order) by cost, aesthetics, planning, building regulations, and
technical issues. The D&B Contractor did not make any post-tender facade decisions,
which contradicts Garmston et al. (2012). However, this case study is a potentially
unusual example of D&B contracting, in that the MD, acting as the Developer, was
also the Client and one of the SIPP stakeholders, and being thus extremely conscious
of cost, revisited each element after the initial and 2nd tender stages to identify cost
reductions. This behaviour removed any opportunities for the D&B Contractor to
make facade cost-saving decisions. A key example is the Developer's decision to use
metallic-effect cladding instead of Zinc sheeting: a VE decision that halved the
component cost. This decision arose after planning consent had been received for zinc
sheeting, but fortunately, Planning accepted the change on the proviso that two-tone
metallic-effect cladding was used. VE is a team-led, structured "evaluation of
alternative construction materials and systems to save money without major effect on
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program, maintenance, or appearance, chosen on a priority basis" (Kelly and Male, in
El-Alfry 2010: 72); where the essence of 'value', as delivered to the owner, "expresses
three main forms: Cost, Function and Aesthetic” (EI-Alfry 2010: 72). In a multi-
faceted role combining Developer, Client, and SIPP stakeholder, the MD made this,
and other VE decisions (see Table 1), by discussing alternatives with the suppliers,
and the Lead Architect. Cost effective insulated render was used to wrap the central
part of the building. It was not deemed aesthetically acceptable to render the whole
building, thus metallic-effect cladding was used on the towers. A robust material
(stone) was used to ground floor level, as the render is not impact resistant. In
attaching the brise soleil brackets, a small amount of cold bridging was anticipated by
the Architect and Developer. However, from a practical point of view, attaching the
brackets to the concrete boot lintels was considered to be the best option and unlikely
to significantly affect the envelope's performance (as supported by the 'B' energy
rating). The facade selection process did not use normative decision-making methods.
The decision-makers instead used expert knowledge, in-house, and from suppliers and
sub-contractors, to guide their decision-making. Decision support was used in the
form of computer analysis (to check dew-point locations) and U-value calculations,
both by the insulated render system supplier, to assess the render system's suitability.

The thermographic survey

The external thermographic survey visually reported largely cool temperatures across
the main body of the fagade. It also showed a few heat loss sources. As expected, the
survey highlights localised cold bridging around the brise soleil brackets attached to
the original in-situ concrete structure (the brackets and immediate area were approx.
4°C warmer than the other surface render) (Figure 1). Other external features included
ventilation losses from trickle vents that had been left open, and gaps in insulation
boards behind the render. A distinct difference in emissivity between the rendered and
metal clad walls was observed. With much lower emissivity for the metal cladding, it
was very difficult to observe potential defects, as much of the radiation received by
the camera would have been reflected from other sources (Figure 2). The internal
survey identifies ventilation losses from open windows that would be contributing to a
reduction in internal temperature. Also, differences in construction fabric were
observed (Figure 3) and un-identified areas of heat loss beneath a window (Figure 4).

DISCUSSION

The case study facade selection featured no normative decision-making and little use
of decision-support, reflecting the heuristic facade selection process suggested by the
literature. Despite this, and the fact that VE greatly influenced the facade selection, the
client's satisfaction in the building's aesthetics, and the improved ‘wall' U-value and
EPC rating demonstrate that success was achieved by the facade decision process.
This success may have been helped by the fact that the central part of the building was
clad with an insulated render system. As one of the cheapest forms of cladding, this
facade choice remained unaltered during the project, ensuring that the larger building
part was well insulated, while other parts of the facade (towers, louvres and spandrel
panels) were value engineered. It also appears that facade success is linked to building
type. In this case, attracting tenants is vital for a commercial building, and so facade
decisions were made to ensure the building was attractive to tenants: aesthetic
decisions for an attractive facade, insulation decisions for lower running costs, and a
structural decision (reduced sill height) for improved internal environment. As money
was only released from the SIPP as the occupancy grew, it was essential to pre-let the

86



Construction design and technology

space. In line with Mara (2010), the facade retrofit has given a new lease of life to this
building and enabled it to start functioning while its occupancy gradually increases.

Figure 1: Gaps between insulation boards Figure 2: Emissivity difference between
[1], trickle vents [2] and cold bridging render and cladding, note seagull [1]
through the brise soleil brackets [3]. and cloud [2] reflecting off the cladding.

Figure 3: Differences (°C) in construction Figure 4: An area of un-identified heat
build-up either side of column. loss below a window frame.

The thermographic survey visually demonstrates general success in the building's new
thermal envelope. The survey does, however, also highlight potential quality control
issues such as installation of the insulation boards. This information could be used to
educate AEC industry members, such as the designer and contractor (Hopper et al.
2000) so that similar mistakes can be avoided in the future. Clients and contractors
may be concerned that thermography is too expensive for projects with a tight budget;
however, Snell (2008) suggests that using such a survey for retrofit can potentially be
cost effective and provide a return on investment. The case study building was empty
for 3-years prior to the retrofit, thus 37-years passed from original construction to the
point of apparently needing retrofit. This reflects the approx. 30-year office retrofit
cycle. The building was retrofitted in line with Part L 2006, so according to Chow and
Levermore (2010) should be able to cope to at least 2080 with changes that may occur
in climatic heating and cooling. Overheating was considered in the design, with the
inclusion of brise soleil on the south facade. The brise soleil louvres were value
engineered out (for the time being); however, forethought was shown by attaching the
brackets, which were fixed to the in-situ structure prior to applying the render system.

CONCLUSIONS

This paper explores the facade selection process in multi-storey building retrofit. The
facade decisions made during a UK commercial office building retrofit were shown as
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relying on skills and knowledge borne of experience; they were heuristic in nature (as
suggested by the literature), but readily utilised decision support from an insulated
render supplier. Normative decision-making was not used. The evolution of the case
study retrofit facade selection is mapped against the main project stages and the RIBA
Plan of Work 2007. Value engineering greatly influenced the fagade selection. Despite
this, the client's satisfaction in the building's aesthetics, and the improved 'wall' U-
value and EPC rating demonstrate that success was achieved by the facade decision
process. Some fagade success factors appear to be linked to building type; attracting
tenants is vital in this commercial building case. Thermography showed the fagade to
be largely successful, while also identifying some quality control issues in the facade
retrofit that AEC decision-makers could learn from when making similar future facade
design decisions. Viewing a facade post-retrofit provides only half of the story. It is
useful to thermally image a building prior to facade design decisions being made, as
the survey can potentially provide a return on investment. Future case study research
consisting of 'before’ and ‘after' surveys could observe how thermography could
pinpoint areas for targeted improvements and indicate the success of the
improvements. This work could be used to build a database of fagade details in a
thermal view for use by AEC decision-makers during retrofit facade selection.
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MODULARIZATION IN A HOUSING PLATFORM FOR
MASS CUSTOMIZATION

Helena Johnsson, Gustav Jansson, Patrik Jensen

The problem of combining production efficiency with flexible product offers in
housing design is well known. The platform concept is applied in housing to support
design and production with predefined solutions. Modularization can be useful to
meet both client demands on flexibility and production requirements on
standardisation. To identify the module drivers in housing, ten projects at one off-site
housing company were analysed. Furthermore, the cycle time for the modules was
recorded. Client, design, purchasing, production and suppliers have different module
drivers. When module drivers concur, modules are identified by; identifying clear and
few interfaces, the availability of a supplier, and the cycle time for the design and
production of the module in relation to the production pace. The results from the case
study further show that fixed geometry on modules is a less successful concept than
parameterised modules in housing. The ability to outsource technical solutions
increased, when the module drivers were combined with a long term relationship with
the supplier. Variant modules were successfully applied in the studied company to
respond to client demands. Further research is needed on how to configure generic
modules.

Keywords: case study, engineer-to-order, housing design, module drivers, module
identification.

INTRODUCTION

There has been an increasing focus on the platform concept in the construction sector
in recent years (Jensen et al. 2012, Thuesen and Hvam 2011). Construction seems to
be struggling to balance between the power of flexibility given by project
management of complex systems and the efficiency of using standardization of
products and processes. The use of platforms, which store product, process and
relationship knowledge, develops design and construction work continuously through
system innovations (Johnsson 2011, Voordijk 2006). One way of mitigating client
demands for variation with supplier requirements on repetitiveness is applying
modularization (Baldwin and Clark 2000), where the product is decomposed into
modules that constitute ‘products-in-products’ (Erixon 1998). Successful platform
decomposition rests on balancing commonality with distinctiveness i.e.
standardization with flexibility. Robertson and Ulrich (1998) argue that costs are
driven by commonalities and customer value by distinctiveness. Modularization can
complement commonality and distinctiveness if opting to organize the platform with
predefined variants to limit the number of unique components and create mass
customized products (Hvam et al. 2008). In the creation of modules, different module
drivers exist (Erixon 1998), such as the module being a common unit in many designs
or a supplier is available.

Johnsson H, Jansson G and Jensen P (2013) Modularization in a housing platform for
mass customization In: Smith, S.D and Ahiaga-Dagbui, D.D (Eds) Procs 29" Annual
ARCOM Conference, 2-4 September 2013, Reading, UK, Association of Researchers
in Construction Management, 91-109
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Construction is identified as one of the largest engineer-to-order (ETO) sectors
(Gosling and Naim 2009). In an ETO situation like housing, where the client enters
the process somewhere in the design phase, methods that handle uncertainty and client
choices for flexibility are useful. Applying modularization in construction has been
challenging since client demands tend to require more flexibility than the predefined
modules can deliver. A number of investments in standardisation on component level
have ended prematurely (Apleberger et al. 2007). Module decomposition could lead to
less flexibility vis-a-vis market demands, brand segmentation, and product
cannibalisation (Pasche and Skold 2012). The industry expertise base is wide in
housing and the knowledge that firms need to internalise to design and produce
complex products is rapidly expanding. Potentially, different actors in the construction
supply chain could have different drivers for modularization. The specialist
knowledge and drivers that suppliers have is central for individual firms to master
when designing complex products (Zirpoli and Becker 2011).

The aim of the research is to meet mass customization by using modularization in a
construction supply chain. By analysing module drivers according to platform variants
of five technical solutions, module identification was evaluated to the ETO situation.
Given the ETO situation, modules in housing cannot always be fully predefined.
Therefore, the cycle time for examples of modules in the housing design process was
mapped to understand if the design and handling of a module is different from the
original definition (Ulrich 1995).

PLATFORMS AND MODULARIZATION

By producing customized goods with low cost, mass customization enables companies
to penetrate new markets to capture customers with needs that give them more than
standard products (Ericsson and Erixon 2000). In the latest 15 years, housing in
Sweden has been striving towards mass customisation using repetition of components
and processes in the development of building systems. Companies have organised
their effort in product platforms (Meyer and Lehnherd 1997), where component data,
process descriptions, relationship conducts, and knowledge creation are stored
(Robertson and Ulrich 1998). These assets are either commonalities in the platform,
which are repeated in all projects, or distinctive unique parts, that are organised to
create variability in products to meet client demands (Thuesen and Hvam 2011).
Modules are a subset of the parts in the platform, a collection of parts that can easily
be repeated between projects e.g. a balcony solution. Platforms can function without
modules, though modules provide a way of predefining variability in the platform and
organising the platform for module wise product development.

In an ETO situation, the platform standards and project input parameters are combined
during the design phase. This work is made using support methods because the
platform can never be fully predefined working ETO (Jansson et al. 2013). One
support method is configuration, where predefined modules are configured to a
product that fulfils client needs. A drawback with using product platforms is the
tendency to favour commonality in physical components, which leads to less product
distinction (Karlsson and Skéld 2007). The technical challenge is to create stable
interfaces between common and distinctive components (Meyer and Lehnerd 1997).
Decomposing the platform into modules is a method to separate and stabilise
interfaces, which has been proven useful also in construction (Jensen et al. 2013).

The product architecture is the interrelation between the parts in the platform. Product
architecture can be modular or integral. A modular architecture is composed of clearly
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separable modules where modules and parts solve few functional requirements each
(Ulrich 1995). In an integral architecture, one module or part is used to solve many
functions. It is therefore more difficult to replace and refine the module separate from
the product in an integral architecture.

Traditional integral design Modular design

Z

E z

K} Modularization ¥

s k- o ,

g g 06 Variant

g g Q¢ modules

Common

Common parts parts and modules
Percentage of common parts Percentage of common parts

Figure 1. From integral to modular product architecture (Jensen et al. 2013)

In defining modules from unique parts, configurability is enabled with a high
percentage of common parts combined with high flexibility, Figure 1, (Jensen et al.
2013). Modularization is to define the boundary between modules with a tight
dependency between components inside the module and a loose interdependency
between modules. The drivers for modularization differ between stakeholders and
they could for the same product define different module boundaries. In a study of
product development at Scania trucks twelve generic module drivers were identified
by Ericsson and Erixon (2000):

1. Carry-over

. Technological evolution

. Planned design changes

. Technical specifications

. Styling

. Common unit

. Process and/or organisational re-use
. Separate testing

© 00 N o O A W0DN

. Supplier available

10. Service and maintenance
11. Upgrading

12. Recycling

By using the twelve module drivers in a Module-Indication-Matrix and analyse
technical solutions, Ericsson and Erixon (2000) state that the prediction of costs, flow,
and production planning was made easier. Because complete modularisation is rarely
achieved, interdependency across module interfaces becomes important for how
flexible a module is to client demands. The conflict between stakeholder drivers has to
be analysed with respect to the manufacturing chain (sales, design, production,
maintenance) (Baldwin and Clark 2000).
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Long-time relationships with suppliers enable outsourcing of modules and the option
to keep core business in-house (Voordijk et al. 2006). By outsourcing the design and
production of modules to sub-contractors or suppliers, one can make use of the power
of specialists, but with the risk of differing goals and knowledge drain (Zirpoli and
Becker 2011). Outsourcing of design, engineering and manufacturing are frequently
used in construction as a solution to avoid investments in a large resource-base and to
increase the speed in housing production (Lennartsson and Bjornfot 2010).
Component modularization needs to be communicated with suppliers, production, and
engineers so that interfaces and modules yield expected performance of the building
(Jensen et al. 2012).

METHOD

The research strategy was to identify a platform at a company where modularization
was applied. Thereafter, a case study was performed in four steps: selection of
building projects, identification of modules used in the projects, analysis of module
repetition within and between projects, and analysis of cycle time for module exit and
re-entrance within the construction supply chain. The case study company is a
Swedish industrialised housing company, with a turnover of about 70 million Euros
per year. The company uses a building system based on prefabricated timber-framed
volumetric modules as the load bearing structure for multi-dwelling timber houses.
The main process stages include an off-site production phase realised in a factory and
an on-site production phase. Average cycle times are 17 weeks for design, 4 weeks for
off-site production, and 4 weeks for on-site assembly followed by 6-8 weeks of on-site
completion.

The strength of case study research is that the phenomenon is observed by actual
practice in its natural setting and therefore could generate and develop new thoughts
by meaningful and relevant theory (Voss et al. 2002). The case study gives an
opportunity for exploratory investigation of the context of modularization in housing
design, and to examine variables for the phenomenon of standardisation that are not
all understood (Meredith 1998). Focus is on the degree of independence of modules,
module interfaces and module drivers in relation to long term relationships to a
number of external suppliers that deliver the studied modules: stairs, facades,
foundation, balconies, and bathroom floors.

Observations of the design team have been made continuously by the authors to
follow the use of platform standardisation in projects to see how stakeholder
requirements and drivers cause variations in the product standard. Log book notes
from building projects, drawings from building projects and documentation of product
standards were used as core data and to verify observations applying a multi-methods
perspective (Voss et al. 2002). To find module drivers and their weight for different
technical solutions, structured interviews with one salesperson, two engineers, one
production manager, and one supplier were conducted focusing ten building projects
from 2012. Both tenancy and condominium projects with a living space from 2000 m2
to 8000 m2 were chosen to represent the client requirements the case company has to
manage.

Analysis has been done to identify how the decomposition of modules was practiced,
and to identify a modular or integral architecture. The module drivers for different
stakeholders were identified and organised according to Eriksson's Module Indication
Matrix. The cycle times for different modules were established by studying planned
and actual cycle times in the ten projects.
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CASE STUDY RESULTS AND ANALYSES

The platform is documented through rules and recommendations for design,
purchasing, and production. The documentation of product standards focus component
interfaces in the platform and recommends certain dimensions and production
processes to be static between projects.

Modules

Bathroom floor

The case study company has together with a supplier developed a bathroom floor that
is based on a glass-fibre reinforced sandwich construction with integrated drainage
gutter and sleeves for toilet and sink. The underlying drivers for development of the
bathroom floor were functional and legal requirements regarding moisture safety. The
solution can have different types of finishing (tiles, carpet, and floor heating). Module
drivers for developing the bathroom floor were to offer a moisture proof system with
clearly defined interfaces that enable supplier production operations. Furthermore, a
decrease in cycle time was sought, since the former solution encompassed curing
times of several hours. The 6 predefined shapes of bathrooms with 24 dimensions in
the platform were an enabler for efficient purchasing from external suppliers in
batches, table 1. For the supplier, module repetition meant time savings in setup and
production planning. Clients have demands on the interior finishing in their bathroom,
but seldom require specific dimensions except for accessibility for the disabled. Using
prefabricated bathroom floors, and organizing tiling off the production line saved a
curing time of about 6 hours. As input, information about floor type, amount, delivery
time, and finishing must be communicated to the supplier 14 weeks before production
assembly starts in the factory.

Balcony

Prefabricated balconies have been developed following the same technical concept as
the bathroom floor, with a glass-fibre coated massive timber slab hanging on steel tie
rods secured to the outer wall. The underlying driver for developing the balcony
system was to offer a light-weight solution without outer load bearing columns to
meet aesthetical requirements. The driver from a design perspective was to repeat the
interfaces (the tie rod and fixtures) while keeping the scalability in dimensions i.e. a
parameterised solution. From a purchasing perspective, the repetitiveness enables
easier purchase orders with 3 geometrical variants specified in the platform, table 1.
The driver for modularization at the supplier was to find repetitiveness over projects
for set up, production, and configuration of their production. Client requirements are
posed on style, ease of use, safety in the railings, and ease of maintenance. The design
of the balconies is decided late in the sales process; wherefrom the production flow is
separated to the supplier and re-joined at the building site, figure 2.

Facade

Facade systems are separated from the structural system and can be varied between
the shape of boards, bricks, plastered, vertical and horizontal wooden facades, table 1.
Aesthetical client requests have been the underlying driver for standardisation of
facades. Interface standardisation has been in focus, including the interface to the
structural system, to the balcony, to the foundation, to openings, and to fixtures in the
facade. The interfaces are realised partly in factory production, partly in on-site
production. Suppliers mount the facade in the case of a plastered or brick facade,
otherwise the case company mounts the board and wooden facade themselves. If using
a sub-contractor, they need to provide a warranty for their work and have to meet
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same pace requirements as the case company staff. The facade is the most
disconnected module of the studied ones with unique geometrical solutions in studied
projects. Already in the sales phase information is available to set up a subcontract
with a supplier that fulfils the work during on-site completion, figure 2.

Foundation

Foundation works are most often sub-contracted using local firms for the specific site.
Rules and tolerances for the foundation are stored in the platform and a time schedule
is made to meet the production pace both off-site and on-site. The foundation module
needs to meet tolerance requirements and loading requirements from the
superstructure, as well as interface requirements from the fagade, the stairwell, the
service shaft, and the services connections. The case study firm often has the upper
foundation surface as the contract boundary. Therefore, the properties both in
dimensions and in concrete moisture content are strictly regulated in the sub-contract.
Drivers for making the foundation a module is the lack of capacity and knowledge at
the company to perform foundation works that are complicated. Information from
sales and design are critical from a flow perspective, making foundation design the top
priority in the early design phase, figure 2. The average cycle time needs to be about
18 weeks output from design to completion of foundation to conform to the
production pace.

Table 1.Module variants in platform and customization in ten building projects

Technical solutions | Production variants | Shape variants | Geometrical variants | External
in platform in platform in platform interfaces
(customized) (customized) (customized)
Bathroom floors prefab (crafts made) | 6 (2 shapes) 24 (8 unique of 634) | Few (<10), Fixed
(modular)
Balconies (modular) | prefab (crafts made) | 6 (1 shape) 3 (58 unique of 375) | Few (<10), Fixed
Facgades (modular) board, brick, 5 (0 shape) 0 (all unique) Many (>10),
plastered, wooden Fixed
(none)
Foundation slab, basement 0 (1 shape) 0 (26 unique of 56) Many (>10),
(integral) (none) Tailored
Stairs (integral) steel (timber) 5 (5 shapes) 0 (42 unique of 183) | Few (<10),
Tailored

Stairs

The company has chosen to use steel stairs in their housing platform. The underlying
driver for the limitation of structural stair material was to be able to offer a solution
that resists abrasion, vibrations and fire, while being light-weight, tolerance stable,
and possible to prefabricate. Drivers for standardising the stairs in the company were
to develop solutions that have flexibility in meeting client demands on abrasion
materials. Furthermore, the production pace was crucial, ruling out stairs that are
assembled on-site. With the shortest lead time from design to completion (8-10
weeks), it was imperative to arrive at a standardised module that fulfils all
requirements, can be designed swiftly, and offers enough distinctiveness (e.g. the
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width ranges from 856 mm to 1200 mm founding the need for a parameterised
module). The supplier driver for modularization was the repetition in projects enabling
configuration of production robots, tool jigs and instructions. While standardising the
step surface, on-site production put requirements on handling, where 5 shapes were
stored in the platform and repetition in projects on 42 unique of total of 183 stairs,
table 1.

Module drivers

In figure 2, the cycle time for the suppliers is displayed in relation to the overall
building process at the case study company. Figure 2 shows that the shortest cycle
time is given the stair supplier, while the longest applies to the facade sub-contractor.
The modules differ in information content needed from sales and design. Stairs and
bathroom floors need much information from design as these modules are immersed
into the building, thus they become critical time wise both for the supplier and the
case company. The balcony system with few interfaces to other systems and a long
cycle time is easier to handle. The facade system does not need any design and
therefore the sub-contractor for facades can plan their work over long periods of time.
Foundations works are the most critical in the early phases of design as they not only
are subcontracted and involve quite long curing periods for the concrete, but also as
they need to be finished before on-site production starts.
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Figure 2. Parallel supplier and sub-contractor processes for the five studied sub-
systems following the building process at the case company.

By the analyse using the Module Indication Matrix client drivers for Styling, Service
and maintenance varies between technical solutions. Client drivers for modularization
are, according to the interviews with sales personnel, related to a price perspective,
which is why the first column in table 2 has been subdivided in private, public, and
developer clients. Private clients, that develop houses for their own organisation to
sublet, focus on economy, customer satisfaction through style, and functionality in
internal equipment. They have fewer demands on repetition but wants specified
choices. Public clients have higher demands on service and maintenance than private
clients and pose demands on durable facades and granite laid steps in stairs expressing
maintenance proficiency. Project developers have a short-term customer focus with
high demands on styling and function for selling condominiums quickly resulting in
weak and few drivers for client modularization, table 2. Technical specifications has
drivers from al type of clients for functional requirements for moisture and structural
stability on Bathroom floor, Balconies and facades.
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The case company has to match the pace of production with client demands, which
makes speed a prominent driver for modularization. Other case company drivers were
carry-over between projects and common units inside projects, prominently for
bathroom floor and balconies. Work process re-use is practiced in production for the
modules, where the interfaces are similar although the components differ in size.
Balconies, facades and foundation are all assembled on site with 2-3 variants of
reusable processes. Off-site production was applied for the fagades in 6 of the 10
studied projects. The interfaces are a shared responsibility between factory production,
on-site production and external suppliers making it important to have a process owner
to avoid sub-optimisation. Balconies and bathroom floors have a large amount of pre-
defined parameters in the case company platform. The case company has long-time
relations with these suppliers and the modules have few and standardised interfaces to
other technical solutions.

Table 2. Stakeholder drivers using the Module Indication Matrix (Ericsson and Erixon
2000).

® = stvong drive s medium Jve & ook o

Supplier drivers for modularization are related to gaining repetition in the production
through carry-over, technical specification and process and organisational re-use for
all technical solutions in formwork, machine setting and production preparation.
Suppliers and sub-contractors are depended on where in the process they get
information from the main process about dimensions, choices, finishing, etc.

Modular or integral architecture

Many similar strong module drivers, table 2, for bathroom floor and balconies have
led to a modular architecture (Ericsson and Erixon, 2000) and a long-term
development together with suppliers. Stairs are another structure with an opportunity
to become a module. They are still an integral architecture in the platform, due to
many tailored interfaces, varied drivers from stakeholders and a short time
relationship with the supplier. Foundation works seen as a module has few and weak
drivers, but is still a module due to its early separation from the production flow.
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Facades are a modular solution to create the outer climate shell for the building and is
to a large extent independent from the platform apart from interfaces around openings
in the facade. The number of different facade shapes is 5, which makes the definition
of interfaces a viable task.

Modularization of housing platform

Components with a modular architecture are easier to standardise due to few number
of interfaces with the rest of the platform (Voordijk et al. 2006). Some of the modules
in the case study have been outsourced since long time relationships with suppliers.
Facades and foundation have specialised suppliers providing the module and they
work as subcontractors for many contractors. Two modules in the case study were
created by the case study company in cooperation with small firms. The module
drivers displayed in table 2, visualises the driving forces behind the modularization.
The co-creation of the modules led to the smaller firms growing to become suppliers,
at first to the case study company, but during later years also to other contractors. The
stair module is in the case study identified as the possible next module to be
outsourced due to some strong module drivers but especially to the few interfaces,
table 2.

A risk with modularization is that it might lead to a focus on constructability instead
of functionality for the client (Voordijk et al. 2006), which also must be focused when
module drivers are analysed. The modularization in housing for platform use seems
more dependent on shape and materials than on geometry, table 1. Thus, the case
study shows that modules in housing seemingly need to use parameterisation as
opposed to having a fixed geometry.

CONCLUSIONS

To meet mass customisation in housing platforms, where repetition is low and
customisation is high, the findings in this paper suggests:

e Modularization is useful if the modules are parameterised as opposed to having
a fixed geometry.

e For modularization to succeed there needs to be module drivers not only for
the contractor and suppliers, but also for the clients.

e Different from modularization made in e.g. the automotive industry,
modularization in housing needs to incorporate the cycle time in the
engineering phase as modules are made to order i.e. not off-the-shelf products.
Possibly this indicates that not only the supplier availability is a module driver
in housing, but also the supplier cycle time.

e Modules in housing can provide both commonality and distinctiveness by the
use of a partly defined platform.

Variant modules were successfully applied in the studied company to meet client
demands, but need further research in configuring generic modules for the entire
supply chain.
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Changing demographics and pension policies are reflected in the increasing age of
workforces in the UK. Older workers are seen to be experienced, dedicated and
reliable but also as being slower and tiring more easily. Staying fit and healthy for
work is a key concern, particularly in the construction industry, where tasks are often
challenging and adverse conditions prevail. Despite it being accepted that injury and
ill health go hand in hand in the construction industry, older employees are still keen
to work. The ageing workforce creates a demand for research which promotes
productivity, workability and quality of life. Workplace design and ergonomics can
have a substantial influence on working practices and an individual’s ability to
undertake aspects of their work, and research has shown that workers can successfully
contribute to this. This research is therefore investigating the role of older experienced
workers in healthy design in the construction workplace. It is hypothesised that
healthy behaviours can be facilitated by good design and also by utilizing the
experiences of older workers. Participatory ergonomics is key in this research;
previous findings have evidenced the advantages of including workers, as they are the
experts in their field. Older workers in particular will be included as a result of their
extensive experience within the construction industry. This paper will present the
rationale and context for a PhD study investigating ageing workers within the
construction industry funded by Age UK.

Keywords: ageing, ergonomics, health, workers, workplace design.

INTRODUCTION

We are currently living amongst an ageing population, where it is predicted that
within the next 50 years there will be double the number of pensioners (Frommert et
al 2009). This shift in demographics is also being seen within the workplace, and
construction in particular; since 1990 there has been an annual increase of 2% of
workers aged over 40 (Cook et al 2009). The construction industry is heavily relied
upon throughout the world for both economic and employment output (Helander
1991), but it is well known for being a tough, heavy manual and physically demanding
industry. Many workers are suffering with musculoskeletal disorders, aches and pains,
and in severe cases, disabilities which are forcing them to leave work early; 63% of all
retirements within the construction industry are due to medical conditions (Arndt et al
1996). Gubéran and Usel (1998) claimed that on average there were no more than

! 5.Eaves@Ilboro.ac.uk

Eaves S, Gyi D and Gibb A (2013) Building healthy construction workers by better
workplace desi%n: understanding the context In: Smith, S.D and Ahiaga-Dagbui, D.D
(Eds) Procs 29" Annual ARCOM Conference, 2-4 September 2013, Reading, UK,
Association of Researchers in Construction Management, 101-109



Eaves, Gyi and Gibb

50% of construction workers reaching the age of 65 being able to continue working.
This is causing construction to lose experienced workers which may also be having a
negative effect on the industry in light of the recent abolishment of the retirement age
(BBC 2011).

The setup of construction projects - such as the layout of workspaces and introduction
of new interventions - is difficult to alter, particularly due to the constantly evolving
nature of construction sites. This research hopes to exploit the knowledge and
experience of older workers, to encourage better design of the workplace and facilitate
healthy behaviours. It is anticipated that these changes will enable workers to remain
in the construction industry for longer, reducing the number of workers being forced
into early retirement.

BACKGROUND TO THE RESEARCH

“Construction has one of the worst records of industrial safety” (Dester and Blockley
1995). Construction work involves a great deal of manual labour, heavy lifting and
working in awkward positions for long periods of time; workers are often required to
work at extreme heights, occasionally in bad weather and in dusty, noisy
environments (Albers et al 1997; Lemasters et al 2006). The nature of construction
work can naturally lead to issues with health later in life; musculoskeletal disorders
are a common problem seen in construction workers, along with diseases such as
dermatitis, a condition which makes skin sore and cracked, caused by the handling of
cement and plaster for long periods of time (Cook et al 2009). These health issues can
be exacerbated by the natural decline in physical abilities as workers age; muscle
strength and stamina decrease and injuries take longer to recover from (Larsson,
Grimby & Karlsson 1979; Lemasters et al 2006; Chau et al 2004). Although there is
research worldwide into work and ageing, there is a lack of research into the roles that
older workers take on in the construction industry as a result of their ageing and
physical decline. This could be for a number of reasons, although the most likely is
that many older workers are unable to continue in the industry and are forced to take
early retirement (Gubéran and Usel 1998).

A small minority of older workers are able to take on more supervisory roles with
decreased exposure to manual work and may also move onto training young
apprentices in the industry (Gosling et al 2012). Older workers are considered to be
reliable, produce work of a high quality and be experienced in their trade, however
they are also perceived to be slower and less receptive to changes in the workplace
(Dainty, Ison & Briscoe 2005; Leaviss et al 2008). The perception of older workers
being slow outweighs any other positive perceptions, due to the nature of construction
work being heavily reliant on high productivity for financial gain (Leaviss et al 2008).
Previous research has suggested that older workers wish to remain in the workplace
but that they have reported a dislike of power tools, preferring to use tools of a higher
quality design due to the way in which they learnt the trade during their
apprenticeships (Leaviss et al 2008). Older workers have also reported significantly
more complaints in relation to their work, such as finding it more physically and
mentally demanding, feeling tired and having complaints related to their vision, and
upper and lower extremities (de Zwart et al 1999).

These findings support the premise that it is essential for the workplace to be designed
in a way which accommodates changes in older workers to ensure they are able to
remain in the workforce for as long as they wish. It is not only the workplace which
can and should be adapted; behaviour based safety management, job rotation and
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micro breaks have also been suggested as interventions in the industry (Lingard &
Rowlinson 1997; Leaviss et al 2008; Albers et al 2005). Changes have been made in
previous research however these are rarely as a direct result of adapting to the changes
in older workers. Several studies have investigated the development and success of
interventions; however the main reasons for these interventions are often of financial
interest, or in an attempt to increase productivity (van der Molen, Bulthuis and van
Duivenbooden 1998; de Jong, Vink and de Kroon 2003; de Jong and Vink 2002).
Changes that have been made include modifications to tool design, new prototype
tools such as a pneumatic powered wall lift for plasterers and extended windows in
crane cabins to reduce the need for operators to be bending forwards to see to ground
level (Li 2002; de Jong and Vink 2002; Mirka et al 2003; Ringen et al 1995).

Many of these studies did not involve the workers who would have been using the
interventions; discussions were commonly led by management staff and project
leaders, often with minimal input from ergonomic experts or manual workers. These
previous studies, although successful in their implementation of interventions and
prototypes are arguably missing the central point; it is the workers who hold the most
in-depth knowledge of their trades, therefore it should be the workers who are
consulted regarding their health and the methods used to protect it to prolong their
work ability. Vink, Urlings and van der Molen (1997) conducted an intervention with
50 scaffolders using a participatory approach. They involved the scaffolders in each
stage of the process and several modifications were made as a result of this, including
the development of a special pallet truck, alterations to the planning of work and the
introduction of shoulder protection in clothing. This approach meant that the
interventions were relevant and specific to the workers' needs and this was supported
by 60% of the scaffolders reporting that they felt they had enough influence in the
study. This study reiterates the importance of input from the end users and emphasises
their ability to reflect upon their requirements for healthy working. This project,
funded by Age UK hopes to harness this experience and knowledge of older workers
and use this to facilitate healthier design in the workplace.

PROJECT AIMS

This research is part of a bigger PhD project exploring construction workplace
opportunities and barriers which can facilitate healthy ageing at work and healthy
behaviours by design. The aims of this project are:

e To understand healthy ageing through design in the construction industry
e To capture workers' knowledge and experiences of ‘healthy' design in the
workplace

RESEARCH METHODOLOGY

A sample of 60-80 construction workers will be recruited from 2-3 large companies
through personal and professional contacts in discussions with line and site managers.
Although the focus is on ageing, workers of a range of ages from trades such as
electricians, plasterers, bricklayers and joiners will be involved in order to investigate
any differences in opinions or ideas between ages and trades. Inclusion criteria
consists of trades which require physically demanding tasks such as being in awkward
or cramped positions for long periods of time or having to perform repetitive awkward
movements throughout the working day. Due to the peripatetic nature of construction
sites, the sample of workers will be stratified by age (under 25, 25-34, 35-49, 50+) and
a range of trades will be interviewed due to the variety of tasks within each trade.
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This research will incorporate Reason’s (1994) ‘co-operative inquiry’, which
acknowledges and includes the contribution from the workers on the construction site;
an integral component of participatory ergonomics. Participatory ergonomics is key
within this research; although a relatively new concept, it has been used for over 60
years (Coch and French 1948). In order for the design of the workplace to be
improved successfully, it is essential that the users of that workplace are involved.
Participatory ergonomics has been proven to be effective in increasing productivity,
motivation and success of implemented interventions (Vink, Urlings and van der
Molen 1997; Hess et al 2004; Loch et al 2010). It has been shown that interventions
suggested by workers themselves are more likely to be used within the workplace,
such as shoulder support for scaffolders and a fold out bench device within work vans
(de Jong and Vink 2002). During a trial of a production line made up of older workers,
employees of a BMW factory were encouraged to put forward design ideas to increase
workability and worker motivation (Loch et al 2010). This resulted in a production
increase of 7% and an increase in participation throughout the trial period. Design
ideas implemented included new flooring to reduce impact, which was causing
discomfort, and new chairs to enable employees to have a relaxing break in between
shifts. This trial worked so well because workers felt that their opinions and ideas
were valued and given serious consideration; when suggested ideas such as the change
in flooring became a reality, one worker reported that this showed them the project
could make sense.

In this research, construction workers will be engaged in order to harness their
experience and knowledge of the industry; their awareness and experiences of issues
relating to the design of the workplace and healthy working behaviours will be
investigated using semi-structured interviews. Semi-structured interviews have been
shown to be successful in allowing the participants to speak of their own experiences
in a relaxed environment, whilst allowing the interviewer to cover any topics of
interest that are not naturally raised within the conversation (Leaviss, et al 2008;
Choudhry and Fang 2008). The interviews will be conducted on site and will consist
of four key sections, as shown in Table 1.

Demographic data will be collected to stratify the age and trade of the participant as
well as their tenure of employment. Age is stratified as: under 25, 25-34, 35-49 and
50+. Participants will then be asked to describe their everyday working tasks,
allowing the interviewer to gain a better understanding of their job. This also gives
workers an opportunity to discuss the risks involved in their work and tasks that they
find particularly strenuous, dangerous or demanding.

Regarding ideas and current changes, participants will be asked if they have ever
altered or modified their workplace/tools to make their job easier, or if they have any
ideas about how to do this. If the worker has no ideas, this is also documented.
Participants will be asked about any advice they would give to a younger worker, or if
they were ever given any advice about how to do their job. Trade specific questions
are also asked where appropriate, such as electricians coping with poor lighting and
bricklayers working outside. If changes have been made, further questioning includes
who is responsible for instigating and maintaining these changes.

Following the open-ended questions, quantitative data will be collected using 3
questionnaires. The Stage of Change questionnaire, developed by Prochaska and
DiClemente (1983) and adapted by Whysall et al (2007) for the reduction of work-
related musculoskeletal disorders, utilises a 5-point scale to ascertain behaviour
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related to the participant's 'readiness to change'. Workers are asked if they think
change is necessary and if so, how urgently these need to be made to establish how
they feel about themselves and their job. The answers from the participant translate
onto the scale, putting them in one of 5 stages; pre-contemplation, contemplation,
determination, action, maintenance or relapse. If an individual is in the
"contemplation™ stage they are more likely to consider design ideas and changes in the
workplace and are thus in turn more likely to provide suggestions and solutions to
problems. However if a worker is in the "pre contemplation™ stage it is likely that they
will have never considered the design of the workplace and feel it is acceptable how it
is, suggesting they are less likely to be open to the concept of change and less likely to
put forward any ideas for the design of their workplace. Secondly the Nordic
Musculoskeletal Questionnaire (Kuorinka et al 1987) establishes the location and
severity of any musculoskeletal symptoms participants may have suffered with. These
are measured both as a 12 month period prevalence and a 7 day point prevalence
alongside establishing the severity of the symptoms over the past 12 months. The
questionnaire also allows the participant to consider whether these disorders have
developed as a direct result of their work. The Work Ability Index (Ilmarinen et al
1991; Liira et al 2000) determines how able the participants feel to continue working
as well as investigating the demands of their job. Participants are presented with a 10
point scale to rate their work ability from O (completely unable to work) to 10 (the
best they have ever worked). This quantitative data is collected at the end of the
interview to ensure that musculoskeletal disorders are not the focus of the participant,
they are also used to validate any issues that may have arisen within the interviews.

Table 1: A summary of questions and issues discussed during interviews

Questions and issues

Demographics Age range. Occupation. Time spent in employment

Their Job Everyday tasks? Tools and equipment used? PPE requirements and usage?
Location of job? Awkward/cramped positions? Use of chemicals? Is there dust,
noise?

Ideas & Current What ideas do you have to make your job easier? To make the workplace better?

Changes New/different equipment? Flooring, lighting, PPE, talks, workshops, job rotation,

micro-breaks, better facilities? What advice would you give to a younger worker?
What would you do differently? E.g. Plasterer- how do you cope with the weight
of the trowel and wet plaster? Electricians- what do you do about extra lighting

in smaller areas? Bricklayers- what issues do you face with working outside?
Weather?

What is being done right now to make your job easier? Who comes up with these
changes? Who is responsible for implementing and maintaining these changes?
Are you using different equipment? Altering current equipment? Order of jobs?
Wearing knee pads / particular gloves / other clothing modification?

Health Stage of Change questionnaire (Prochaska and DiClemente 1983)
(Quantitative) Nordic Musculoskeletal Questionnaire (Kuorinka et al 1987)
Work Ability Index (llmarinen et al 1991)

As this is a semi-structured interview, the researcher is at liberty to adjust questions or
change the order or language of the interview; this is hugely advantageous considering
the subjective nature of the topics being discussed. Construction, whilst being
relatively uniform in its output, can consist of numerous methods and techniques,
often unique to individuals and their trades. The semi-structured nature of the
interview allows the participants to discuss their own personal experiences of their
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work, and their own unique ideas and opinions on what they think constitutes ‘good
and healthy design' in the workplace. This also allows them to freely discuss any
changes they have made, or would like to make in the workplace to improve their
health and workability.

To triangulate data and investigate and evidence issues raised in interviews,
observations will be conducted in the field where possible. This could consist of
participants showing the researcher a particularly demanding task, awkward posture,
or modification to their environment to make their job easier. Videos and photographs
will be taken to supplement interview recordings. Observations will occur in the event
of workers being unable to take time out to take part in an interview. This may be due
to the nature of the work and the fact that many participants could be on 'price work’
i.e. they are paid more money if they are more productive and finish either on or
before the estimated deadline.

LIMITATIONS

There are limitations involved in the collection of this data. As previously mentioned,
many construction workers may be working ‘on price' therefore recruiting participants
who are willing to take time out of their work to be interviewed may prove difficult.
Building sites are peripatetic in nature, they are constantly evolving and changing;
there are very few areas on building sites which are able to provide a quiet
environment suitable for recording audible interviews. Notes can be taken by the
researcher however this does not provide the richness and depth of coverage in
comparison to an audio recording. The nature of this research is not only subjective as
previously discussed, but also retrospective; workers will be asked about how their job
has affected their health and also whether they have ever modified their environment
(or wanted to) as a result of wanting to protect their health. Asking about
modifications to the environment can be a very context-specific question, causing the
workers to agree that yes, they have wanted to make changes at times, but they may
experience difficulty when recalling what changes were needed, or why. Not only this,
but any changes workers make are highly likely to be subconscious therefore it is
anticipated that workers may struggle to think 'on the spot’ of design ideas. This is an
issue which will be emphasised if the worker has stepped away from their work
station in order to take part in the interview. A solution to this context-specific
limitation could be to interview participants in their workspace, however the nature of
the data collection would require the worker to step away from their work at times in
order to complete questionnaires. This would also make recording the interview
inherently more difficult due to the high noise levels on construction sites and the
dark, dusty environments. The "healthy worker effect" is a recognised phenomenon
presenting an important limitation in this research (Svendsen et al 2004; Shephard
1999). This occurs when older workers appear to be healthy with high work ability
because they are present at work; those who are suffering with musculoskeletal
disorders, skin disorders, injuries and so on, are unlikely to be present at work and are
therefore unable to be included in the sample. This limitation will be overcome by
endeavouring to interview participants from a retired construction workers union
further into the project.

CONCLUSIONS

Construction work is a tough, physically demanding job leaving many employees
unable to continue in their work. Many older workers wish to remain in work, but the
industry makes this difficult to do. Workers within the construction industry have a
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wealth of experience and knowledge about their jobs, and this can be used to the
advantage of future workers and their employers. A methodology is presented in order
to harness the knowledge and experience of these workers so that the design of the
workplace can be altered in order to encourage healthy working behaviours, thus
increasing the work ability of older construction workers.
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JOURNEYS THROUGH THE CAVE: THE USE OF 3D
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One of the benefits of the growth in BIM use in the design and construction industries
is the opportunity for increasing the involvement of, and interaction with, various
stakeholders and end users through the design process. This includes the use of virtual
models in collaborative 3D immersive environments, such as the CAVE (Cave
Automatic Virtual Environment), during critical moments of client engagement.
These opportunities and developing work practices have, however, received little
academic attention. These encounters provide the opportunity for stakeholders to
virtually experience the proposed design of buildings and spaces ahead of
construction, and for design teams to communicate in a sensory and embodied way
that the contract and design requirements are being met. This research uses video-
based methods to study the collaborative, ‘real world’ design review work undertaken
during client engagement sessions in the CAVE, in the context of a bidding process
for a new NHS hospital. In this immersive setting, the navigable space is both a site of
interactive encounter and an architectural model. It is argued that design teams
establish a narrative to support the navigable space which the client participants
experience, through the careful consideration and planning of their journey including
what can be revealed or concealed along the way.

Keywords: hospital; stakeholder; user participation; virtual reality; virtual
prototyping.

INTRODUCTION

Major clients are increasingly demanding that 3D modelling is used on their projects,
and there is a UK government mandate to make Building Information Modelling
(BIM) compulsory on public projects by 2016. This presents new opportunities for
allowing various stakeholders to virtually experience the proposed design of buildings
and spaces ahead of construction, to which attention is turned in this paper in the
context of hospital design.

Virtual, immersive environments offer a form of modelling and visualization that can
compliment BIM technologies since, as Brandon (2008: xviii) explains, “CAD models
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are mathematically defined, and they support a wide variety of analyses, simulations
and visualisations, but they abstract away from tactility”. 3D immersive environments,
like the CAVE (Cave Automatic Virtual Environment), instead move towards
providing end-users with physical and embodied experiences of building designs
(CICRP, 2011). The CAVE is a multi-person, room-sized, high-resolution 3D
collaborative virtual environment, which projects video onto three walls and the floor
which can be viewed with active stereo glasses, one of which is equipped with a
location sensor. As users move within the display boundaries, the perspective is
displayed in real-time. One participant at a time (the ‘driver’) uses a joystick to travel
through the environment.

Fig 1: The CAVE

This research concerns a project to relocate an existing specialist NHS hospital to the
bio-medical University campus of a nearby town. The NHS Trust chose the Private
Finance Initiative for the procurement of the new hospital, and one consortium utilised
the CAVE as part of the tendering process. It was adopted to help better communicate
the design of this hospital project to the NHS client, and to enable them to review the
model of key spaces in the hospital design, including the main entrance atrium, an
operating theatre, and an inpatient ward. Immersion in a 3D model can help to
physically convey the sense of scale and space of a building, the size of single bed
rooms etc., and to communicate to stakeholders in a sensory and embodied way that
the contract and design requirements are being met. The collaborative work of
navigating, and narrating, stakeholders’ journey through the virtual model during the
stage/s of design review is examined in this paper. This is done through video analysis
of client engagement sessions in the CAVE during the bidding process for this new
NHS hospital.

VIDEO-BASED RESEARCH METHODS

During this project, a researcher first followed, ethnographically, the early stages of
the tendering process for the new NHS hospital, including attending design team
meetings which took part from the preliminary Invitation to Negotiate (ITN) PFI
phase up until the consortium were selected to participate in the final ITN stage. Team
collaboration in the CAVE was then explored by studying interactions between
members of the infrastructure provider and NHS client during design review, and to
do this required analysing detailed social interaction with and around technology. For,
while ethnography and video-based studies share a commitment to the study of social
interaction, “it is not possible to recover the details of talk through field observation
alone, and if it is relevant to consider how people orient bodily, point to objects, grasp
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artefacts, and in other ways articulate an action...it is unlikely that one could grasp
little more than passing sense of what happened” (Heath and Hindmarsh, 2002:102).

Video-based field studies provided unprecedented access to study social interaction
around technology, in the sense that video captures multiple features of an event or
scene (talk, body movement, physical context, use of technology etc.) which could be
replayed over and over again. One particular affordance of video data was the
opportunities it provided to share, discuss and debate ‘raw’ data with others. This
practice of ‘data sessions’ (Tutt and Hindmarsh, 2011) involved the team undertaking
collaborative, real-time video data analysis with other colleagues, to identify
sequences of action and examine their construction and organisation, and to explore
alternative, multidisciplinary perspectives. That version of events was then
scrutinised, with fine-grained analysis of video fragments and transcriptions of the
action, and in light of new analytic perspectives etc.

Rich video data recording of six sessions held within the CAVE were collected,
involving various combinations of stakeholders: project and design managers,
architects and designers, modellers and visualizers, NHS end users (clinical and
managerial) and representatives of the client. These sessions took part between
November 2011 and April 2012, by which time only two consortia were still left in the
competition for the contract, and over 12 hours of video recordings of group
interaction were collected in the CAVE environment. The data consisted largely of
fixed camera footage, which was supplemented with a roaming camera and a
ceiling/bird’s eye view camera on occasions where the access to the social interaction
was compromised (by multiple bodies in the CAVE or the view obscured by
equipment etc.). The video data provided access to CAVE activity during this client
engagement process, which involved presenting the models to the NHS client, to
demonstrate diverse design requirements, ranging from the size of single rooms, the
visibility of patients from nursing stations, to the amount of natural daylight utilised,
and the design of interior objects and materials etc. The sessions also enabled design
teams and contractors to explore and review the design environment more generally.

There is a long tradition of video-based field studies of workplace interactions that
considers how technology can be understood as a feature of interactional work.
Suchman (2007: 276) traces how the turn toward the social by computer scientists in
the 1980s coincided with a growing interest in the “material grounds of sociality”
among social scientists, particularly by ethnomethodologists and conversation analysts
who already acknowledged the importance of nonverbal action in the organization of
face-to-face interaction. These interests led to the emergence of a corpus of
‘workplace studies’ that attend to the accomplishment of work and interaction in
various complex organizational domains, such as air traffic control rooms, emergency
dispatch centres, newsrooms, and hospitals (See Hindmarsh and Heath, 2007). This
work has helped explicate the different ways in which objects and technologies, such
as the screen, are collaboratively used to help coordinate everyday workplace
practices (Tutt and Hindmarsh, 2011).Video-based studies of social interaction have
provided one way of examining collaborative design, that is, the ways in which the
social, technological and material come together in and through the interactional
practices of everyday work.

Attention has also been paid, in the extended fields of workplace studies and CSCW
(Computer Supported Cooperative Work), to the collaborative work of coordination
among stakeholders in the design process. For example, Tory et al (2008) provide a
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video-based examination of the use of artefacts during the design development of a
new building project to identify and resolve conflicts and accomplish design
coordination. Luck (2010) has also studied the use of artefacts and drawings in early
design conversations between architects and users. She argues that when artefacts are
used in engagement with end-users, at the early stages of a building’s design, they can
act as ‘mediating devices’ as well as embodying the current status of the design.
Indeed, Luck (2010: 641) stresses the importance of design representations and
artefacts throughout a project as knowledge carrying and mediating objects,
irrespective of whether they are material objects or virtual objects. However, the use
of virtual prototypes and technologies, particularly immersive environments, and their
role in interacting with clients during this crucial time of stakeholder engagement, is
little understood and has been little explored in the literature.

Elsewhere close conversation analysis has demonstrated how participants in the
CAVE need to develop new codes of interaction in order to first establish a ‘shared
seeing’ of things before their design or collaborative work in the environment can be
accomplished (Tutt, et al., 2012). During their group interaction, users are required to
orient to the screens displaying the projected video, as well as to the physical and
material environment of the CAVE room, and to each other. This all has to be done
whilst maintaining proximity to the person wearing the ‘headtracker’ (active stereo
glasses equipped with a location sensor), in order to view the optimal 3D perspective
of the video. Yet a key difficulty in terms of the current use of this technology in the
design process is that most end-users and stakeholders only enter into the CAVE for
one or two sessions, or at least have limited engagement, and so will get a short
opportunity to learn and develop the best ways to interact and collaborate in this
environment. With this narrow window of time in which to make an impression and
communicate the design, it is therefore logical that a large emphasis is placed by the
design team on the marketing role of the CAVE experience in best ‘showcasing’ the
prospective design to clients. In this paper, the video dataset is returned to with a new
analytic inquiry, namely to examine how the design team construct a narrative to
support the navigable space which the clients experience in the CAVE. Rather than
fine-grained analysis of talk-in-interaction, this requires focusing on instances in the
data set where the design decisions on what (/not) to show, edit, remove etc. from the
model are negotiated, in practice, through the interactions of design review work,
including how they are referred to and made sense of in discussion with clients. The
data is analysed through the lens of new media theory, particularly revisiting Lev
Manovich’s Language of New Media and discussion of navigable space.

BACKGROUND: VIRTUAL PROTOTYPING AND
STAKEHOLDER ENGAGEMENT

The need for identifying the clients or stakeholders and understanding their
expectations for a construction project is of the upmost importance. Conflict often
arises between logical changes and those that will be acceptable to the stakeholders,
and Newcombe (2003) explains how this aspect becomes heightened “in public sector
projects where a wider spectrum of stakeholders may express active interest in a
project” (p.846). While a clear relationship often exists between designers and clients,
gaps of understanding commonly exists between designers and the wider stakeholders
and end-users (Nykénen, et al., 2008). On hospital projects these stakeholders and
end-users of the facilities include diverse clinical staff of doctors, nurses etc.,
administrative staff, patients and visitors, facility management, as well as
representatives of the NHS trust acting as client. Typically the design of healthcare

114



Construction design and technology

facilities involves building expensive full-scale mock-ups of critical hospital units,
such as operating theatres, patient rooms etc. Dunston and McGlothin (2007) describe
how virtual reality enables end users of the client healthcare organisation to have an
immersive and interactive experience during design reviews with a multitude of
hospital rooms and spaces (potentially an entire hospital) at a fraction of the cost of
physical mock ups. However, while in this context Dunston and McGlothin (2007)
used “demonstrations to obtain responses to the simulations” (p.8), the example in this
research represents the use of virtual reality in a ‘real world’ project during the
bidding process for a large new single bedroom hospital in the UK.

The CAVE visualization technology is essentially an advanced form of “virtual
prototyping’, namely digital representations of design proposals which, subject to a
process of exploration, testing, evaluation and refinement, may become physically
realised. In principle these digital models typically need to be created anyway to serve
as design documentation, so it is their integration and interoperability through the
design process which needs to be developed on a project. As Morrell (2011) argues, in
relation to the plans to make BIM compulsory for all public projects, “it makes no
sense for designers to work in three dimensions and then suppress what was learned
and hand on a 2D representation, also missing the opportunity to load the model with
much other valuable information”. As returned to in the later discussion of navigable
space, prototypes differ from superficially similar artefacts such as movie set fictional
buildings, historical reconstructions etc. by virtue of “its particular antecedent,
functional relationship to the real thing” (Mitchell, 2008). Indeed, Dunston and
McGlothin (2007) claim that practitioners exploring the virtual CAVE mock-up
identified the same design issues known to be in the actual patient room (p.8).

DISAPPEARING WALL SOCKETS: BALANCING DESIGN
ACCURACY WITH SELLING THE DESIGN

The potential for users to ‘pick up’ on errors in hospital design that have not been
identified through 2D or non-immersive models was quickly identified as a major
benefit by the NHS client in this research:

It works for us as well. You know- some of our recent schemes. We had things as
simple as light switches or socket outlets that are in the wrong place...Everybody’s
missed it. It’s been built like that and we’ve got like 500 rooms with a socket in the
wrong place (NHS Client Rep)

In addition to helping users to identify design errors and to collaboratively develop a
design, Mitchell (2008) also highlights the importance of virtual prototypes for
providing “a basis for choosing among options or deciding whether to proceed to the
next stage; and (in a less scientific spirit) to persuade decision makers” (p. xvi). In the
context of this research, with the bidding process for a large new single bedroom
hospital, this element was crucial, indeed was quite literal. For, the CAVE technology
was utilised for stakeholder engagement when two hospital consortia were still left in
the competition for the contract. The visualisation of design in the CAVE environment
during client engagement processes is therefore fulfilling a different set of objectives
beyond checking design accuracy. This is a bidding process for a contract, meaning
that the virtual world is being designed to be viewed from a particular point of view
and in order to be accepted by the client. This is explicit in the choice of or
requirement to model particular rooms and spaces, but more subtle in the selection of
lighting, placement of objects etc. Here, the same example of wall sockets is briefly
continued, to illustrate simply how the main contractor design team have to negotiate
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the job of representing the specificities and accuracies of the design along with
problems users’ may face in encountering the design as a 3D visualisation:

1 Pam: Anywhere there’s a white socket- just delete that

2 James: Oh do you not actually want them on the wall here?

3 Pam: Well. No ha:hha

4 James: Ok alright

5 Pam: They should be behind the TV. That’s just the way they
6 were modelled in Revit so they’re appearing to the-

7 Alex: That’s an interesting one Pam. If you put the- if

8 you show the plugs behind the TV which is where you
9 want them you can’t see them=

10 Pam: Exactly

11 Alex: =in the model

12 Pam: I know ha ha ha I didn’t want those TVs

In the sequence above, the designers have effectively encountered clashes between
various objects, outlets and spaces after importing the model into the CAVE. This
requires the team to edit the virtual environment in order to solve issues around the
visibility of objects and the objects appearance etc. Part of the issue here is concerned
with the creation and management of objects within immersive environments like the
CAVE, and carrying out further work of embedding metadata into the model, for
example, would solve this. However, this would be costly in time and money through
the work of virtual modellers and, in this example, the decision is taken to “just
delete” the plug sockets for the purposes of the ‘walk through’. Like any prototype, it
can fail if its design is too incomplete and inaccurate (as in the incorrect positioning of
sockets throughout the single rooms referred to by the NHS Client representative), or
equally if it is unnecessarily elaborate and costly (Mitchell, 2008). At one level these
are cost-benefit questions, but this example of clashing wall sockets also illustrates
how these concerns are balanced with the best way of ‘show casing’ the design to the
clients during this stage of the tendering process.

This research has started to assess what these immersive virtual experiences can
provide at critical moments of client and stakeholder engagement, in this case during
the design review process for a new hospital. Elsewhere it has explored what type of
interaction it facilitates, through fine-grained video analysis of collaborative work
sessions in the CAVE (Tutt et al., 2012). Here the narrative within which they are
enacted is examined, in relation to the work of Manovich, in terms of showcasing the
design and communicating that the design requirements have been met. Or, put more
crudely, the work of balancing the accuracy of design specifications with selling the
space and design to the client.

DISCUSSION: THEORIES OF NAVIGABLE SPACE AND
NARRATIVE SPACE

In his seminal work The Language of New Media, Manovich (2001) describes in
detail how navigable space — that is, the navigation through 3D virtual space — has
become a key form for new media aesthetics. It is now a familiar, everyday interface
in computer games, in addition to its use in other formats such as motion simulators.
He also details how it has become a “key tool for labour” for interacting with any kind
of data (p. 249). Navigable space has become a particularly important paradigm in
human-computer interfaces, which, Manovich (2001) argues, should be seen as a
particular case of data visualisation distinct from “architectural models or stock
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market figures” (p. 249). However, in the case of collaborative working in the CAVE,
the navigable space is both a site of interactive encounter and an architectural model.

Virtual worlds usually involve interaction and narrative, typically with the participant
being represented by an avatar literally ‘inside’ the narrative space. They are usually
seen through a rectangular frame, displaying only part of a larger whole, hence
Manovich (2001) describes the experience as being “much closer to cinematic
perception than it is to unmediated sight... [and] the designer of a virtual world is thus
a cinematographer as well as an architect” (p.81-2). However, unlike film architecture
which is designed for navigation and exploration by a film camera or, say, ‘paper
architecture’ designs which are not intended to be built, the hospital design has a
functional relationship to the hospital to be built (Brandon, 2008), provided that the
design wins the bidding process. The CAVE model is also, as discussed, designed to
be viewed from particular points of view, enabling stakeholders to review key spaces
in the hospital design, namely here, the main entrance atrium, an operating theatre,
and an inpatient ward. In addition to the interactional demands of physically
collaborating in the CAVE, the users’ experience of these spaces is also subject to a
level of more discreet design decisions including, but not limited to, what are
sometimes called ‘perspective renderings’. These architectural representations have
been described as being part of the design process itself (Houdart, 2008) and in this
particular example include representing the connectivity between the hospital spaces,
the selection of lighting, the placing of objects and furnishings, and even, as discussed
in this section, altering or distorting the correct design specifications for the means of
enhancing the immersive experience.

To first recap, in this example the CAVE environment is enabling the ‘real world’
design work of engaging with clients, rather than simply offering simulation or role
play. It is a form of data visualization and an (immersive) architectural model. It is not
viewed through the rectangular frame of VR, or through desktop 3D or Revit, but
instead involves viewing and interacting with 3D video projected onto room-sized
multiple screens. It is a navigable space, which the participants ‘walk through’, but
also a narrative space constructed both through building a more detailed picture of the
social context of use for the hospital spaces (provided by the client and clinical
stakeholders’ expertise), and, as will now be discussed, through the designers’
‘showcasing’ of the design to try and win the bid.

The benefits of allowing client and clinical end-users to probe at how a space can be
used, and to re-asses the lived spaces of an architectural design in a way that non-
immersive building design does not allow, are potentially considerable. This user
knowledgebase is returned to later in this section in relation to the design of a hybrid
operating theatre. Yet, in addition to the social context of use as a working space (in
terms of clinical practices, facilities management etc.), is the more basic connotation
of a space’s usage and function, which can be taken for granted as being self-evident
by designers but can too easily fail to be communicated in virtual models. A simple
example is that of encountering a restaurant. Here, in the transcript below, the design
team are trialling the ‘walk through’ of the atrium prior to bringing the NHS clients
into the CAVE:

Alex: So when you’re actually in this main reception area, Pam, you can’t actually

see people eating inside the restaurant
Pam: No you won’t
Alex: So how does FM feel about that?
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Pam: They’re not happy about it

The designers decided against the use of avatars, which the team believed would bring
a different set of problems. This included distracting participants from the design
details, interrupting the group interaction, and leading participants to draw inaccurate
comparisons of the avatars with the specifications of objects such as grab rails, and
size of beds, single rooms etc. However, the use of the space as a restaurant could be
conveyed in different ways as Alex concluded:

| think we can make a bit of an improvement on that bit by wayfinding or something
that draws the attention- because at the moment, standing here, I don’t know there’s a
restaurant ... I'm supposed to know that behind that beautiful purple chair is a
restaurant. 1’d never know that (Alex, Director of Design)

A senior design manager felt that this is “another wayfinding thing, saying what these
things are. I think these things are important but- we can add maybe reception text or
something to this desk”. Such issues of wayfinding in the complex organisational
environment of hospitals are frequently encountered throughout the buildings’ life
(Rooke and Rooke, 2012). The opportunity to experiment with how the system works
ahead of construction, especially with stakeholder input, again represents a real
benefit of immersive environments. Visual wayfinding is also identified as key to
selling the space and the design to the client, and hence of winning the bidding
process. During a CAVE session, a senior designer for the main contractor described
this as the “route you will take these people on- the journey”. While the stakeholders
potentially have the opportunity to engage and interact with any aspect of the model,
the journey on which they are taken on by the design team is significant “to see that
connectivity. For the visual wayfinding [of] how do you bring yourself through this
space”. The 'intro sequence' for the NHS clients led the participants virtually from the
main entrance into the main atrium, which was selected to gives an impression of the
space and dimensions, and the designers also announced that the journey would “show
what the adjacencies were and where you could find your way out of the atrium to
different spaces”. However, the selective modelling of hospital spaces for the CAVE
environment puts restrictions on the routes and physical movements that the
participants can make. When looking towards the entrance at outpatients, it was
remarked by an NHS client representative that it would be “nice to have that-to see
something visual”, with the view to outside and natural daylight considered a key
design feature of these outpatient clinics. Yet, taking the decision to texture the ‘end’
of modelled spaces also lead to some confusion around the connectivity of the spaces
as client participants navigated them. This is captured in the comment: “So in practice,
that wall isn’t a wall in fact”. This brings us back to the earlier discussion of virtual
prototypes and striking the balance between not making a design too incomplete and
inaccurate, and equally not unnecessarily elaborate and costly.

The decision of what (/not) to show for the purposes of the engagement sessions with
the NHS client extends to the objects, materials and equipment within the hospital
spaces. The materiality of objects in immersive design environments is explored in
greater detail elsewhere (Tutt et al., 2012), but here the paper briefly refers to how the
designers virtually moved or removed prescribed equipment in certain modelled
rooms (such as the operating theatre which will now be discussed) because of the
effect it had on participants encountering them in the immersive environment. Yet,
these alterations in the virtual model extended to altering the curve of a corridor, the
height of grab rails and, as already discussed, the removal of plug sockets.
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In this one particular example, the communication of a space’s usage and function in
the virtual model is questioned through the application of NHS clinical knowledge,
which provides a social context of use for the room as a working space. In this case,
however, there is not a failure to communicate the basic function of space (as in the
restaurant example), but rather a failure of the model to match the complex,
organisational procedures of surgery:

This isn’t biplane, though is it? This must be- It’s not biplane (1.2) set up (.)
configuration. You normally have the image intensifier come over the top of a patient
(NHS surgeon)

The surgeon assesses the immersive space as a future operating hybrid theatre that she
will work in, and she picks up inaccuracies in the designed layout of the biplane
platform, a system which will provide diagnostic imaging and accommodate multiple
clinicians and ancillary equipment. Here, the sociotechnical knowledge and (clinical)
expertise of the end-users, which was partly brought into the design review by the
affordance of the immersive CAVE environment, starts to unpick the design accuracy
of the virtual model. The decisions for the (re)moving of prescribed materials,
equipment and other alterations are made fully transparent to the Trust clients as in the
architect’s explanation below:

[T]o be quite honest the first layout that we did there was too much stuff in here- that
we actually took a few pieces- shifted them to the edges and um- Just so we can
actually get in here (Architectural Assistant, Architects on project)

The intended use of the CAVE at the design review stage was not to subject the spaces
to workflow scenarios as if they were fully-equipped mock-ups. However, this
example is useful for an analysis of how the design team describe and make sense of
this process of balancing the accuracy of design specifications with selling the space
and design to the client. Indeed, it was referred to, during the design team discussion,
as “strategically taking some of it out”, but one designer related these decisions more
directly to, what might be seen as, the careful structuring of narrative space. During
discussion in the CAVE with the rest of the design team, he explained that “if you
went to town on a space... there’s something a bit climactic- and then you’ve got a
problem”. This comment again stresses the need to make sure a design space/model is
not unnecessarily elaborate, but the word “climactic” also suggests sensitivity to the
emotive, embodied and sensory experience of the spaces along “the route you will
take these people on- the journey”. As the client participants are taken on their
‘journey’, work has been undertaken to establish a narrative to support the navigable
space which the participants experience. This careful planning of the journey (and
what can be subtly revealed, concealed or distorted along the way) hints at an entire
series of work practices and concerns which, by virtue of the increasingly important
role of immersive environments and virtual prototypes, are becoming part of the
design process itself.

CONCLUSIONS

This research uses video-based methods to study how a design team experiment with
the virtual technologies of the CAVE to engage with clients and accomplish ‘real
world’ design review work. These collaborative encounters are providing the potential
for client and clinical end-users (without extensive or even any design expertise) to
explore how a virtual building can be used, and to re-assess the lived spaces of an
architectural design in a way that non-immersive building design cannot. Video-based
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methods provide a way of accessing these emerging methods for design, and
encourage a close and detailed consideration of interaction and the situated and
contingent use of technologies and artefacts in the CAVE environment. This paper
turns an analytic lens on to how client engagement sessions in 3D immersive
environments are accomplishing different work, in attempting to demonstrate, in a
sensory and embodied way, that the contract and design requirements are being met
(e.g. that single bedrooms in the hospital are big enough), and in presenting (or
selling) a design vision. The virtual world is being designed to be viewed from a
particular point of view and design teams, tasked with convincing decision makers to
proceed to the next stage during the bidding process for a contract, have the
opportunity to use these sessions to best ‘showcase’ their design to the clients. During
collaborative working in the CAVE, the navigable space is both a site of interactive
encounter and an architectural model, and it is argued that design teams establish a
narrative to support the navigable space which the clients experience through the
careful consideration and planning of their journey, included what can be revealed or
concealed along the way.
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CHALLENGES AND SOLUTIONS FOR MANAGEMENT
OF FRP USAGE IN THE UK RAIL SECTOR
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The first Fibre Reinforced Polymer (FRP) implemented to a UK Railway Bridge was
in 2001, since then a number of key railway bridge projects involving FRP have seen
completion; six being fully FRP bridges. Although the potential use of FRP on the
infrastructure was found in 1998 due to high strength to weight ratio, stiffness and
good chemical resistance, the implementation of FRP to small scale rail bridges was
found to have several challenges which are faced by industry. Past research studies
have predominantly focused on providing further examples of the successful usage of
FRP in bridges, the benefits to whole life cycle cost in comparison to steel/timber but
fail to address the challenges. In that context, the study is aimed to identify the key
challenges for managing the usage of FRP in large scale in UK rail sector and provide
possible solution to overcome such challenges so that dependency on traditional
materials on railways bridge can be reduced and improve material sustainability
aspects. This paper explores the past research and takes a view from the project
delivery level. A qualitative approach was adopted to collect the views from
professionals associated with clients (Network Rail), designers and contractors using
questionnaire. A total of 14 professional’s views were collected through questionnaire
and findings outlined. From the analysis, it was found that the lack of standard design
codes for FRP, basic understanding of benefits, right price and reliability are key
challenges for the management of FRP use in the UK rail sector. The paper concludes
that the use of FRP will be an alternate solution in UK rail sector from the material
sustainability aspects if confidence of stakeholders can be improved about reliability
and the practical benefits of FRP.

Keywords: FRP, bridges, whole life cost, standards, network rail, perception.

INTRODUCTION

Fibre reinforced polymer applications in the arena of bridges has seen considerable
progress since the mid-1990s. The driver of this has been the marrying of the
materials properties to the requirements of bridge infrastructure and the need to
modernise existing structures up to 21st century loads and standards (Hollaway, 2010,
p 2430). FRP offers infrastructure owners, operators and maintainers the potential for
quicker installation times; the high strength-to-weight (S/W) ratio allows for reduced
capacity, more readily available, cranes and lifting equipment to be used. The
strength-to-weight ratio/specific strength is a material's strength (force per unit area at
failure) divided by its density. This provides more scope in the scheduling and
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planning for projects. Also the durability and chemical resistance offers the potential
for reduced maintenance regimes, allowing for better whole life cost (WLC)
performance and ultimately cost savings (Hastak, 2000, p103). The two largest
operation and maintenance management organisations of bridge structures in the UK
are the Highways Agency (HA) and Network Rail (NR). Both organisations have been
active in the research and development of FRP to their infrastructure, with case
examples being thoroughly published in papers. Within these two sectors a pressure
exists to mitigate residual impact on their networks during the undertaking of
construction schemes; more so with NR, having a limited number of lines and routes.
Working line side on NR infrastructure is typically restricted by maximum 48hour
possessions, to main line interfaces (Canning, 2012, p3). The closure to lines and
disruption to the network is a core consideration to NRs WLC modelling of schemes.
With NR set to enter their next control period (CP5) and a key aim being “deliver
efficiency savings of 18%” (Rail, 2013, p3); FRPs proven potential benefits to
infrastructure scheme costs (Bell, 2009, p121) may be able to serve the organisations
needs outside its current trail focused experiences. The paper intends to highlight the
experiences of FRPs use on NR infrastructure and to understand the barriers &
challenges that exist within the sector affecting the implementation of FRP
incorporated bridge schemes. The findings of the paper have the intension of
increasing further awareness of the materials management, particularly in application
aspects, within the rail sector.

LITERATURE REVIEW

A review of current literature found three major applications with the rail sector
(Figure 1).

Fixtures
& Fittings

Station
Platforms

Bridges

Figure 1: Hierarchy of acceptance

Bridges

Network rail own and operate some 40,000 bridges across 33, 800 km of main line
railway (Bell, 2009, p119). It’s for this reason why research into the bridge application
of the material has been extensive. The properties of the material coupled with the
requirements of bridge infrastructure makes for a theoretical match. FRP in this
application, from research and case examples, is a jostling between the cost
effectiveness of the material manufacture and the required resilience of the structure.
From the late 90s NR has worked with a number of consultancies to build their
understanding and portfolio of FRP onto its infrastructure. During this time controls
such as requirements for use criteria, specifications, agreed design methods and post
installation management recommendations for FRP refurbishment schemes were
established (Bell, 2009, p120). NR has been driving forward its portfolio of
experience with FRP bridge structures (Brinckerhoff, 2006).
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Re-decking

FRP re-decking of a bridge structure is undertaken by the use of repeatable FRP
cellular decking systems and whole plates. This is currently the most cost effective
manner in which to manufacture and install the material (Canning, 2009, p2). Up to
now the use of FRP decking systems as a form of refurbishment have seen several
applications to NR bridges since 2001 (Bell, 2009, p119). Re-decking is commonly
carried out to replace timber decked bridges, this form of structure is common on the
infrastructure and design life is relatively low should regular maintenance not be
carried out (Canning, 2012, p. 1). On the infrastructure to date the number of under
bridge re-decking examples is limited; two know UK applied cases are Rubha Glas
Viaduct and Calder Viaduct (Canning, 2012, pp 5-7). Due to the requirement of rail
under bridges to have capacity for derailment load, FRP has to be designed with
consideration to this. Over bridges have no such derailment requirement and from
studies and cases carried out by the HA, NR see greater potential to this application
(Bell, 2007, p28). The reduced weight of the FRP deck is of a significant benefit to
dead load applied to the existing substructure; also required crane capacity could be
minimised allowing for a greater scope of plant to be used (rail-mounted cranes)
(Speight, 2009, p106).

Bonded plate strengthening

FRP bonded plates to bridge soffits, have seen the most prolific use on the
infrastructure, over 20 examples (Bell, 2009, p119). Bonding of carbon fibre
reinforced polymers (CFRP) plates to bridge soffits as a form of strengthening, the
increasing of load capacity of structure has seen the most common application to date.
With the controls established by NR and its partnered consultancies, successful
applications have been achieved.

Whole new structures

A total six new FRP bridge rail structure found to date, for example: St Austell,
Standen hey, Launder aqueduct, Bradkirk, River Leri and Dawlish. These structures
consist of varying construction forms, but all are made entirely from FRP (Bell, 2009).
The spans of the whole FRP rail bridge structures to-date lie around 10m; this is not a
limiting factor, as greater spans are achievable. Proven examples of hybrid bridge
systems involving steel beam and FRP slab arrangement can span approximately 25m
(Canning, 2009for Mount Pleasant M6 over bridge.

Challenges and Barriers

First Cost > WLC

Studies have outlined the possibility of FRP incorporated schemes being parallel in
terms of time and cost to steel/concrete (Canning, 2009). This is based on the savings
made on closures required to major infrastructure routes, and required lifting capacity
in terms of initial cost, standards and experience (Figure 2). This aside, the first cost of
the material is comparatively high to its counterparts (Speight, 2009, p106). This is the
counterbalance to its WLC benefits. It has been said that this cost could be reduced by
the grouping of a number of projects together, taking away the current bespoke nature
which the manufactures work to (Bell, 2009, p123). Further to this, should standard
modular bridge systems be developed a similar effect on manufactured cost would
theoretically occur. This however is limited by span lengths for whole FRP bridges
but not with hybrid FRP bridges (Shave, 2009, p 9).
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Reduced uptake
Figure 2: Challenges to uptake

Standards

Reasons for no formal design codes/standards are outlined effectively by (Farmer,
2009, p 142) "The limited use of FRP in structures; Variability of properties,
depending on method of manufacture and orientation of matrix reinforcement;
Insufficient compilation of project data; FRP manufacturers’ unfamiliarity with
construction industry standards of design and quality assurance.” The lack of formal
FRP design standards is at a disadvantage compared to steel/timber/concrete, which
have design codes that are universally accepted and can be tested against.

Experience

High factors of safety have been applied to the schemes carried out so far, which have
reduced the efficiency of designs (Hollaway, 2010, p. 2437). This suggests that the
confidence in the material is a relation of this experience. Experience is seen as a
barrier not limited to the design; quality control, testing and inspection and in service
damage are all relevant. These factors have to be considered by NR on all its schemes
and so limited experience with this presents a barrier (Bell, 2009).

METHOD

In this study, qualitative research approach was used to achieve the aims of the study.
In this approach, semi-structured interview was selected as a research method for data
collection because this allows for a dialogue of open exploration and a critical analysis
into the subject matter. The participants in the questionnaire survey were targeted
randomly from different stakeholders; such as client, designers and contractors, which
are responsible for the acceleration in the use of FRP in the UK rail sector. This also
allowed for a coherent comparisons and analysis of views gathered from the
participants. A total of 14 responses from different stakeholders (see table 1) were
gathered and used them to analyse using thematic approach to reveal the findings from
the survey. The structure of the questionnaire was designed based on the key
categories; such as experience, confidence, lack of standards and whole life cost. The
questions were tailored to bring the responses in line with this research objectives and
to analyse the perception and understanding about the foreseen barriers to confident
use of FRP. The thematic approach was used to analyse the interview transcripts and
the frequency of use was defined in thematic diagrams. The outline of views and
opinions expressed are found under each category heading. Findings have been
interoperated by the authors to analysis the meaning of the themes uncovered.

Experience
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Table 1: Spread of individuals interviewed

Years' experience 6-8 9-11 12-14 15-17 18-20 >20
Network Rail 2 2

Designers 2 2 2 1
Contractors 2 1

FINDINGS

Confidence

Appropriate scenario

The material is not seen as a universal solution for all scenarios, each scheme
undertaken is individual and to a certain degree bespoke. As initial cost is high,
benefits in using FRP incorporated designs are invariably suited to a minimal array of
scenarios; highly corrosive atmospheres (coastal) or sites of limited access (large plant
required). This has been the driver for whole FRP/Re-decked bridge locations to date.

Bond durability/technology

The application of FRP comes with its own technique/installation methods; although it
can be bolted into position, use will involve some degree of bonding and adhering.
Invariably this is the area of most failures seen. The need for additional technics to be
adopted in the construction process is understood as a further barrier may reduce the
willingness of use.

Experienced Failures

The failures experienced are limited to the bonding/connections details and are few in
number; overall this aspect has not been seen as reducing confidents in the material
use. Understand between all parties involved that failures haven’t stood with the
material itself but with the site workmanship and/or design.

More study needed

Unlike examples outside the rail environment, road bridges over rail require standard
H4A parapets which generate loads on impact that are difficult for current FRP
products to restrain. The bonding and service life aspects of the material are currently
under study at Southampton University, further work/research is keenly sought in this
area. Fire resistant and performance under vandalism are core consideration and are
yet not conclusively understood.

Correct Novel Classification

FRP use in the bridges arena is classified by NR as novel, this classification is well
accepted among the individuals interviewed. Being novel means additional checking,
known as a category three check, has to be undertaken on designs. This extra
protection is regarded as being appropriate due to the current sensitivity of the
materials reputation.

Design Code Lacking

The lack of formal design codes and how this affects FRPs confident use is discussed
and expanded on in the following section; however it is worth noting it was mentioned
by all levels as a direct reflection on the confidence in the materials use on the sector.

NR Internal variance

NRs infrastructure is split into routes being managed by individual asset teams;
generally experience with the material is varied to only the routes where appropriate
scenarios have been available and asset management teams having seen the potential
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off the back of HA lead schemes (Mount Pleasant and West Mill bridges). A balanced
level of understanding and awareness does not extend throughout all routes.

Prejudice, Caution and Reputation

The lack of formal design standards/codes is perceived to give an impression of still
being an experimental material, also the connotation of being plastic is a stigma which
sustains a prejudice in the mind-set of many engineers and is difficult to overcome.
Lacking in understanding of the material allows for it to be easily dismissed.

Publishing success

The selling of success is seen as important in spreading confidence, it was noted this
could be done better. The FRP champions within NR number one/two and have been
the drivers of the material to-date; for wider opportunity the knowledge held by these
individuals would benefit from being further publicised.

Lack of standards, the effect

Experience

A high level of experience with the material outranks any formal standards/codes,
should they be produced. Classification would cease to be novel however the nature of
designing with the material commands a level of experience/understanding, outside of
what is currently written down. The development of standards would still leave a
certain level of caution with application. Approved companies have capable/
specialised professionals which, NR is satisfied, meet the required level of experience.
Should these individuals move on; NR confidence in the capabilities of the approved
company to design in FRP would be compromised.

Client Approval

Due to the high risk environment of the railway, engineers are particularly
conservative. FRP schemes conducted to-date has been subject to specific testing
requirements monitoring performance for future schemes and approval engineer’s
peace of mind.

Sustains novel classification

It was said that this classification is perhaps sustained by the lack of formal standards.
The novel classification may be a stigma to further use by engineers who see it as a
red flag, and avoid whether the material be appropriate for their scheme or not.

Reduced design continuity

Standards would allow for correlation between designed projects. Currently it is
viewed that the freedom given by the design guides means the schemes currently
completed on the infrastructure have a degree of difference which is unnecessary.

Whole Life Cost (WLC)

Recent concept

FRP bridge schemes carried out to-date have been undertaken with initial time and
cost being the key selling point of interest. Whole life costing attitude is set to shift in
the forthcoming control period; underpinning the new asset management policies.

Initial Cost Priority

Many schemes have fallen at the wayside because the initial cost had been too high.
An example included the replacement of a nine span footbridge south of Doncaster
station. The structure was listed and in order to be replaced in line with this the
associated costs stalled any further development. The new policies set to bring whole
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life costing of projects to the forefront of considerations are based around an
economic WLC. Three aspects are to be satisfied.

e Efficient - With resects to delivery
e Sustainable - Economically, costs don’t accumulate over time
e Robust - Deliver the same required performance of the last CP(4)

Manufactures and high cost

Within the UK manufacturers of FRP structural products number in the range of 2-3
having limited experience in ‘heavy’ engineering (e.g. turbine blades). Unless a
scheme has been outlined as FRP from the start by the client, project time scales have
in the past caught out the manufacturer. The nature of the current production market
doesn’t allow for the flexibility seen in steel/concrete fabrication.

Standard designs

Currently there are 3-4 different types of common FRP decking systems for bridges.
The preference of these types is scenario dependant, based on the trials to-date. The
development of standard designs would theoretically allow for manufacturing costs to
come down. Couple this with batching of schemes and the mass production of the
units would make the investment in machinery and technology increasingly
worthwhile.

ANALYSIS
Spread of data

The specific nature of the topic ‘FRP in Rail’, limits itself to a very narrow steam of
professionals. The experience of the professionals involved in the study allows the
views and options uncovered in the thematic data to justify the shallow pool of
interviews undertaken.

Pockets of confidence

The view of varying degrees of confidence around NR is drawn from the nature of
how the organisation is broken up into routes (Figure 3). The confident routes have a
portfolio of example uses within their jurisdiction, which leaves future FRP bridge
applications on the given routes, less susceptible to unnecessary prejudice or caution.
The prejudice and caution is as a result of a lack of understanding of the material. An
awareness of the potential benefits, limitation, past uses and success, lacks in these
routes. The reasons to run with an FRP bridge scheme are not generally understood as
well as the reasons against; which for inexperience engineers is a difficult aspect to
overcome especially in a historically conservative rail environment. Publishing of
success can only take the understanding of the material so far and will not have a
dramatic effect on uptake alone. Like those routes of minimal experience, trailing the
material on appropriate assets within the inexperienced routes has the potential to
balance out the confidence levels within the organisation. Design considerations for
fire and vandalism are areas which need further work adding to the lack in confidence
to pockets of the routes and conations of being known simply as plastic need to be
tackled with proven examples.
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Anglia

Figure 3: NR Routes (Rail, n.d.)

Standard of Experience

The argument given to the novel classification of the material and the lack of
understanding means it is correct to sustain its classification, which has been
suggested as intern maintaining a level of prejudice within NR. Understanding based
on, experience and design guide knowledge are key to the successes of all the
previous FRP schemes undertaken by NR. The current fragile reputation of the
material dictates that this would have to remain the case until a formal standard/code
has been created and even beyond this, in order to build a case for the material. The
publishing of standards/codes would allow for an increased level of confidence to
exist from the approvals aspect, as an engineer will have a credible reference to which
a design can be certified against. Further too this additional level of understanding
would be required; awareness, experience and knowledge are the aspect of
understanding idealised for confident use.

WLC attitudes

The WLC modelling systems and policies coming though the new CP5 should make it
easier for FRP to be seen as a more credible solution. The processes at which the
models are used however pose a potential barrier to FRP. If knowledge and
understanding of FRP lack within the local knowledge pool than it will not be used. It
is fair to conclude that the power for implementation of schemes lies more with the
regional route asset management than HQ, see Figure 4.

Route Asset
Management

Figure 4: Power of FRP implementation

The new WLC approach underpinning the CP5 is based on an economic whole life
costing. The schemes to-date that has proven a time and cost saving before WLC is
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even considered are likely to be the model for which any future FRP schemes are to be
based off. Proving at feasibility stage that the potential savings in man hours and
equipment needed (relating to its S/W properties) fits more in line with the aims of the
new strategy.

Marrying up appropriate scenario with the right price enables barriers which have
formed the perception of the material as none-viable to likely fade. For this to happen,
not only does the spread of understanding have to balance out as discussed, but the
manufacturing of the material needs to be re-thought. For greater efficiency the
batching and grouping of multiply schemes would make the production more
economically feasible for the manufacturer and thus the client.

DISCUSSION

An economic WLC based system, would play to the potential benefits of using FRP
on structures. The policy leans towards best WLC unless a good reason not to run is
given; which for a government organisation stands to be the correct attitude towards
its assets. The models run place the final decision on local knowledge and
understanding which is where this has the potential to fail FRP; the spread of
understanding of the material within the organisation is limited to only a handful of
individuals. This may allow appropriate scenarios for FRP to be more readily
overlooked. The ill balance in confidence though the different routes is based on a
prejudice, lack of experience and awareness. Aspects such as fire and vandalism
feature as concerns which exist and have not been fully satisfied.

Manufacturers have had a difficult time supplying the products for FRP bridge
schemes in the past, having to heavily invest in machinery and technology without the
forward outlook of production known. This maintains the bespoke nature of new FRP
bridge schemes, intern sustaining the price and having a large impact on the efficiency
aspects of the WLC modelling. This would theoretically allow for FRP to be more
viable at the current manufacturing capabilities/cost.

Should standards be developed, it is foreseen this will only aid in reducing caution
regarding client approval. High degree of control will remain on the individuals who
are allowed to design FRP incorporated structures on the railway. The historically
conservative nature of the sector ensures this. Sustaining a growth in FRP capable
professional entering the profession though academic studies are needed, as should the
pool of professionals capable within the sector currently retire/move on FRP will have
no place.

Number of interviews undertaken was a limitation to the study as the more carried out
would have increasingly added worth to the study. Additional input by individuals
from Network Rail specifically the Asset Management teams would allow for a more
worthwhile study as the findings raised are most relevant to this area. Time for the
study has also been limited and so reduced the potential reach and exploration of the
aims.

RESULTS

Enablers in Figure 5 are based on views, opinions and experienced analysed. Each
represents what is needed for uptake in FRP to be confident within the sector.
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Figure 5: Matrix of enablers
Enabler, Standards

The production of formal standards/codes would only server the perceived
experimental nature of the materials use; due to understanding being the overruling
requirement. This said the prejudice that exists will continue to exist should formal
standards/codes not be produced, despite updated design codes under production. As
engineers it is built in to abide by a certified code and denying FRP this only serves as
a disadvantage to its potential.

Enabler, Understanding

Having the right people with the right level of understanding enables the portfolio of
FRP to grow without being plagued with failure. For this to continue Universities need
to continue to include composites within their syllabus and the sector needs to actively
encourage capable individuals.

Enabler, Realistic

The materials use in the bridge arena is not a universal solution. The sole benefits of
FRP to WLC are not in line with the economic WLC strategy of NRs next control
period. The success with schemes where savings to initial installation and time were
made, are dissolvable into NRs WLC models.

Enabler, Price right

As the economic based WLC models are the way forward, outside the proven
schemes. For manufactures to become more involved with the sectors need and in co-
operation, set up standard designs to which can be rolled out in a generic scenario,
cheaper and with greater quality control. In the interim should the price of
steel/concrete accelerate, the comparable price may enable FRP to become more
viable.

CONCLUSIONS

These enablers make up a collective set of requirements for FRP in the rail bridges
arena to be successfully adopted confidently. Introducing formal standards would put
rest to an experimental prejudice which may rest within the mind-set of cautious
approval engineers. The understanding of the material is needed throughout the
industry, only then will a wider uptake be seen. The capabilities of the designer are
highly regard by NR, for this to be sustainable academia needs to continue to teach
composites to new engineers. Also trailing of the materials use should continue with
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funding made available to specifically target the routes lacking in experience. The
benefits to use need to fit into the aims of NR, therefore savings to initial time and
cost on projects is for the interim the most appropriate way for FRP bridge schemes to
continue; until a broader portfolio is established and the WLC benefits alone are rated
more by the client. Co-operation between the end client and manufacturers in the
development of standard deigns would allow for batched schemes to become a
realistic opportunity for FRP. Theoretically reducing the initial production costs and
making a further case for being the best WLC option.

RECOMMENDATIONS

e A more extensive study into the perceptions of FRP is necessary in bridge
application.

e Future study into the effectiveness of the material to withstand vandalism in
urban environments is required to improve reliability of FRP.

e EU/UK Gov. funding should make available to carry out further trails on the
infrastructure, preferably on routes with limited experience.
e The development of standard NR FRP Bridge designs codes is required.
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EVOLVING DESIGNS AND STAKEHOLDER
CONTRIBUTIONS TO THE BRIEFING PROCESS
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This paper examines how client stakeholders engage with a project in the briefing
phase through the artefacts of design. The significance of stakeholder engagement
and interpretation of evolving designs is emphasized by empirical evidence drawn
from a research study into hospital construction project briefing and design practices.
The paper reflects that whilst both the NHS client and hospital design teams attempt
to “engage” and “understand” stakeholders, stakeholders have the capacity to interpret
designs with their own cognitive understandings. The semiotic theories of Roland
Barthes and Umberto Eco concerning the role of author and reader of signs and
lexicons of knowledge provide a supportive analytical framework for the insights of
the paper. It is noted that whilst the constitution of the client and the parameters of a
project affect stakeholder management practices, the role of evolving design artefacts
and stakeholder engagement and interpretation of them should be recognised.
Stakeholders relate to a project via the artefacts of design, interpreting issues against
personal individual understandings that may be different to those of construction
professionals or externally appointed project advisors. The paper makes the case for
more inclusive participatory design initiatives to embrace diverse and insightful
stakeholder opinions and interpretations.

Keywords: briefing, hospitals, semiotics, stakeholders.

INTRODUCTION

Stakeholder management has been recognized as an important concept by the
construction management academic community (e.g. Atkin & Skitmore, 2008) and by
institutional bodies committed to the advancement of project practices (e.g. RIBA's
Certificate in Construction Project Management contains a stakeholder management
element). However, there remains a lack of consensus on what strategies, practices
and tools to employ to achieve stakeholder management on a project. Indeed, it has
been argued that much of the stakeholder management literature is permeated with
questionable assumptions and presumptions, often advocating the use of tools that
lack validation (Collinge, 2012). This diversity of opinion does not assist in a
clarification of ideals, principles or practices for the industry. Certainly, construction
projects provide suitable contexts from which to study stakeholder influence and
impact as each project brings diverse constellations of client, community and
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corporate interests together. However, questions remain as to the optimum strategies
and practices to employ and whether such approaches are effective from a client
perspective.

This paper contributes to the field by presenting research findings from a study into
the briefing and design of hospital facilities in the UK. It is reported that stakeholder
management is very much integral to briefing and design work (not being considered
a distinctly separate activity) and that although both hospital designers and the NHS
client actively engage stakeholder interests on a project through various activities, the
significance of stakeholder interpretation of a design is often missed. It is argued that
in the briefing phase, stakeholders relate to designs with their own personal
interpretations that may be significantly different to hospital designers, fellow client
stakeholder groups and externally appointed client advisors.

Semiotics provides a supportive theoretical framework for the paper, with the work of
Eco (1979), Barthes (1977) and the social semiotic insights of Hodge and Kress
(1988) and Vannini (2007) being utilized to elaborate upon the significance of signs in
the briefing and design process. The paper argues that stakeholders relate to a project
through the artefacts and signs of design (i.e. words in a brief; drawings;
visualizations; physical models, etc.). These ideas are evidenced by presenting
stakeholder interpretations of different design artefacts relating to patient bedrooms
within a hospital: the changing form and format of designs affecting how stakeholders
understand and relate to a project. It is argued that although designers attempt to
predict stakeholder interpretations of designs, actual stakeholder interpretations may
be different, resulting in formulas being interpreted in unforeseen ways.

In broader terms, the paper advocates a move away from a conception that
stakeholders can be “managed”, having their “power”, “interest” or “influence”
tracked in some way by individuals qualified and able to do such task. It is
maintained that in the briefing phase, gauging and understanding stakeholder interests
is often problematic, compounded by contractual parameters (e.g. PFI: private finance
initiative) that inhibit stakeholder communication and input into the design process.
The paper provides evidence that stakeholders relate to a project via the designs of a
project with their interpretations being valuable and important. The need for more

participatory design work is therefore made explicit.
STAKEHOLDER MANAGEMENT

Stakeholder management is rooted in strategic management theory (Freeman, 1984),
being adopted by the construction management academic community as an important
concept for the completion of successful construction project work (Atkin &
Skitmore, 2008). Carroll (1993) provides a succinct definition of stakeholders as:

“those groups or individuals with whom the organisation interacts or has
interdependencies” and “any individual or group who can affect or is affected by the
actions, decisions, policies, practices or goals of the organisation.” (p.62)

In construction project contexts, large numbers of individuals, groupings and
organisations could be conceived as stakeholders and scholars have classified them in
variable ways. Leung & Olomolaiye (2010) and Olander & Landin (2008) categorize
stakeholders as being either internal (clients; consultants; contractors) or external to a
project. Publications have ranged in subject-matter from practical advice papers for
stakeholder engagement (Chinyio & Akintoye, 2008), methodologies on how best to
approach the subject (Fraser & Zhu, 2008), practical tools for utilisation (Walker et
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al., 2008) and strategic needs analysis (Smith et al., 2001). Often supported by
empirical evidence from case studies (e.g. Olander & Landin, 2008), the stakeholder
management concept now embraces issues such as risk and uncertainty reduction on
projects, sustainability, ethics and relationship management.

This paper explores stakeholder management from the perspective of hospital projects
in the UK in the briefing and design phase. Hospital projects provide excellent
contexts from which to study stakeholder management as hospitals embrace multiple
stakeholder interests on both the client (e.g. clinicians; patients; visitors; FM;
community groups) and construction (e.g. engineers; architects; designers; medical
planners) side. Whilst hospital design teams must use optimal strategies and
methodologies to embrace diverse stakeholder interests, the NHS client must also
ensure that stakeholder interests are embraced and accounted for.

RESEARCH METHODOLOGY

As part of a study into the briefing and design of hospital facilities, a series of 21
semi-structured interviews were conducted with NHS client representatives and
hospital architects, designers and engineers. The interviews were supplemented by
the collection of materials from projects (e.g. schematic drawings; project
documentation; power point slides). Interview questions were directed towards
stakeholder management practices employed. Whilst interviewees provided insights
regarding the methodologies and strategies of stakeholder management employed,
hospital designer efforts to "understand” and "engage" stakeholder interests often
oriented around the signs and artefacts of design and how stakeholders understood and
interpreted these (i.e. words in a brief; schematic drawings; physical models,
visualisations, etc.). As the construction project briefing and design process is
characterized by stakeholders and designers communicating over various signs around
which shared meanings and understandings are established, it was determined that a
focused analysis of the communicative signs of design would be merited.

SEMIOTICS AND SIGN INTERPRETATIONS

Semiotics investigates how communicative signs utilised by people (e.g. spoken
words, written texts, photographs) convey meanings and establish understandings
between parties (Cobley, 2010). Semiotic scholars have explored and explained sign
functionality in areas such as linguistics, literature and the arts, their analysis
techniques having a potential utility and applicability to other fields. In “The Role of
the Reader”, Umberto Eco (1979) explored processes of sign generation and
interpretation through his Model Reader concept, establishing the importance of the
cooperative role of the reader in message interpretation. Although Eco focused upon
written texts, musical compositions and works of art, his insights are applicable for
any occurring communicative act. Eco argued that a sign-generator should have a
clear understanding of the interpretive abilities of the sign-receiver as understanding
falters when the meaning of a sign is not understood by the message receiver. Ina
construction briefing context, designs are often formulated by designers with a client
audience in mind: designers actively predicting how a design (e.g. drawing, picture)
will be interpreted by the client.

Roland Barthes (1977), in his analysis of non-verbal communication systems, clarified
how images have multiple meanings, demonstrating how signs (such as
advertisements) work on several levels for an audience, making explicit the
mechanisms of meaning embodied within the advertisement. Barthes noted how signs
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within communicative artefacts can be identified, analyzed and explicated
independently for their properties. For example, advertisements have denotative and
connotative meanings (i.e. by picturing an apple, an apple is denoted; as the apple is
fresh and appealing, concepts of health and well-being are connoted). For Barthes, a
reader identifies denoted or connoted meanings depending upon personal levels of
knowledge (or “lexicons”): denotative, or 1st levels of signification, requiring only
basic linguistic and anthropological knowledge from a reader whilst connotative, or
2nd levels of meaning, require cultural or specialized knowledge. As Penn (2000)
states,

“The reader's interpretational freedom is dependent upon the number and identity of
his or her lexicons. The act of reading a text or an image is thus a constructive
process. Meaning is generated in the interaction of the reader with the material. The
reader’s meaning will vary with the knowledge available to him or her through
experience and contextual salience.” (p.231)

Both Eco and Barthes emphasize the role of the reader in acts of interpretation and
such issues are significant when designs are mobilized between client and designer as
interpretations have a potential to affect the design process.

The work of Eco and Barthes has been taken forward by social semiotic scholars such
as Hodge and Kress (1988) and Vannini (2007) who investigate how signs are used by
people in social situations with motivations and objectives. As Vannini (2007) notes,

"Social semiotics tells us that signs work because people with specific interests and
specific strategies produce signs to achieve their goals.” (p.131)

However, as Hodge and Kress (1988) point out,

"Social semiotics cannot assume that texts produce exactly the meanings and effects
that their authors hope for: it is precisely the struggles and their uncertain outcomes
that must be studied at the level of social action, and their effects in the production of
meaning.” (p.7)

STAKEHOLDER MANAGEMENT PRACTICES

Both NHS Trust representatives and hospital designers confirmed the importance of
stakeholder management in their briefing phase work, reporting a variety of
methodologies as effective. NHS Trust interviewees reported lengthy and detailed
meetings between NHS staff groups prior to the initiation of any project work with
construction professionals. As noted by an interviewee, following project initiation,
as many stakeholder interests are embraced as possible:

“Some project teams don't allow the users to have that interface meeting, it would just
be a person like me. But certainly I think we actually got a better design and better
ownership of the project by engaging the users.” (NHS Clinical Healthcare Planner)

Hospital designers reported that engaging with client stakeholders was often
problematic due to the nature of the PFI procurement process:

“In the bidding process it is tricky. We rely on the Trust doing that work because the
bidders can't do it otherwise you would lose confidentiality between the bidders. The
PFI model can be a problem issue. It depends on the quality of the technical advisors
and how well they have captured that information and recorded it and then given it on
to the bidders.” (Healthcare Sector Leader)
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A variety of methods to “understand” the NHS client more were reported by hospital
designers, such as internal workshops, issue identification and profiling of key
individuals from within Trusts:

“On a recent project, we had a company do profiles of all the non-executive team
members, so we know a little bit about them. We try and man-mark them so that one
person interfaces with that person all the time." (Project Director)

PFI hospital projects are characterized by design teams meeting various Trust
stakeholder groups regularly in an iterative, closely managed process by the Trust (the
competitive nature of PFI stipulates that competing teams must be given fair and equal
access to the client). It is from within this closely managed process that stakeholders
engage and contribute to the design evolution. However, the size of the NHS client
does impact upon stakeholder management practices for both client and designer:

“There is a lot of democracy in hospital design which is mostly good news but
sometimes can be quite trying because you are trying to take an awful lot of people
along with you and you need to.” (NHS Healthcare Sector Leader)

Whilst the processes and mechanisms of effective stakeholder management work was
noted as significant, interviewees also provided evidence of how actual stakeholder
interpretations of design were arguably more important.

STAKEHOLDER INTERPRETATIONS OF DESIGN

The importance of stakeholder interpretation is now discussed through the insights of
interviewees with regards to design artefacts relating to the design of patient bedrooms
in a hospital. The design process itself is characterised by the development of
communicative signs such as artefacts (e.g. drawings; models; visualizations) that
facilitate discussions between client stakeholders and construction professionals.
Application of social semiotic theories of analysis can assist in clarifying how issues
of understanding, meaning and interpretation occur in project briefing contexts. As
briefing and design work proceeds, designs are formulated and presented to
stakeholder groups at various stages of the process, designs having their antecedents
in Trust briefing documentation, where requirements are stated in written, textual
formats.

The following written project statements relating to patient bedrooms were all drawn
from a hospital project brief:

"Bedroom windows must be sized and positioned so that patients can view through
them from wither a bed or a seat”

“Privacy and dignity of patients should be assured wherever possible and space
allowances around patients should be sufficient to provide for this. This could include
space for visitors to sit with patients and adequate space between chairs and seating.”

“It is essential that the ward layouts maximise views into and from bedrooms as there
is need for continuous staff observation of the patient. Sight lines from bedrooms
should be optimised for all users to enable outward visibility."

Architects and designers begin to formulate design solutions based upon a wide
number of project requirements, including such specific statements relating to rooms.

Figure 1 is a schematic plan of a ward with 2 banks of patient rooms and 4 separate
staff bases. Such schematics are used extensively in collaborative design team work,
being important in the establishment of shared understandings (Valkenburg, 1998).
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Figure 1: schematic drawing of ward with patient bedrooms

An interviewed NHS Design Development Manager gave a basic overview regarding
stakeholder engagement with such drawings,

"Yes, it will start with a 2 dimensional, just a plan. We will look at their drawings, we
will talk about it, and then whoever is really around the table will say what they do or
don't like. Or the matron might be there, and she will say that something will not
work. There is an understanding issue. We can look at a drawing 10 times and not
see an issue, but a matron will see it on first look. We get clinicians who say that we
want this and this. But medics have their own interests."

The NHS Design Development Manager digressed on how important issues are often
not recognized on such drawings. One example concerned the staff base
configuration on figure 1 where male and female patients were monitored by separate
nurse teams. The architects had not recognised that one team could monitor both sets
of patients adequately,

"It would have cost £250k plus £250k to run that as 2 separate teams per year but if
you just join these teams together, you will have 1 team, but the architect didn’t come
along and think of that which was a bit of a surprise."

Another example relating to figure 1 was the inadequate space given for facilities use:
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"Cleaner's rooms are undersized resulting in necessary cleaning equipment having to
be stored remotely from the area in question; this often results from the designers not
understanding how Facilities staff operate. It is unlikely in my experience that a
Contractor would have any useful input here: more often or not they simply wait for
the Client to tell them what is required.” (NHS Design Development Manager)

In both instances, architects had been commissioned to produce drawings of proposed
hospital area (incurring a cost to the Trust), but the designs themselves were flawed in
some way (the staffing/financial implications of the ward and facilities management
use). Reflecting upon how certain issues are not necessarily identified from drawings,
the Design Development Manager stated,

"Sometimes I can't believe conversations happen with management because if an
architect turns up with a drawing and the right people are not looking at it with the
right eyes then things go on until somebody (in this case me seeing the drawing lying
around) spots something and says there may be an issue there...Issues like that can go
quite a long way."

Figure 2 is a power point slide of a patient bedroom, providing a more visual and
aesthetic image of the bedroom that gives a better idea of space and visibility issues
(as specified in the written project requirements). Whilst slides give more visual
detail for client stakeholders to relate to, they also have the capacity to be interpreted
in multiple ways.

Figure 2: power point iage of patient bedroom
An NHS Facilities Manager commented that functionality of room elements within

such slides is often missed: for example, floor, furnishings, wall colourings and light
fixtures within rooms have implications for functionality (and cost) of the space:

"They put things in like beautiful lights on the wall but there is no cover on the top
and what happens in Summer? They are a very bad thing for hospitals...patients
complain that lights are filthy because they get filled with spiders, flies and dust.
They are almost impossible to clean because domestics are not allowed to touch
electrical things...And people sitting in the room have nothing else to do, so they tend
to look around and they see these and they think “what is that?”
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The Facilities Manager commented that the practical and functional implications of
colour choice, wall colouring and floor covering are often not recognized by
designers:

"Architects are more concerned with appearance than practicalities...an architect
always has an opinion of what the inside of this building should look like, what colour
scheme should be in there, what kind of lighting, type of furnishing but not thinking
this is a hospital and not a hotel...the type of people using this area and how long the
lightings and furnishings would have to last as cost is of paramount importance to us
in the NHS."

Although certain client stakeholders may be engaged in the briefing process, having
their preferences reflected in design artefacts, the interpretation of the same signs by
other stakeholders may be different. As the NHS Design Development Manager
commented,

"Facilities matters are often sidelined, and possibly not involved in discussions at
briefing times. This can lead to real operational problems.” (NHS Design
Development Manager)

These reflections on how different designs have denoted and connoted meanings for
stakeholders aligns with Barthes™ (1977) view that readers identify meanings
depending upon levels or lexicons of knowledge. Eco’s Model Reader concept is also
validated and clarified: designers do actively interpret designs from a client
perspective but their interpretations can only be limited. The fieldwork examples are
depicted in figure 3.

224 Jevel Staffing Inadequate/ Impractical Impraetical/
< level levels & impractical / Dirty / costly /
connotations cost Hazardous cleaning
' 3 I Y F 3
Istlevel "Suitable" "Adequate” "Attractive" "Suitable"
denotations “ “ “ i
Issue & Staffing of Cleaning Light feature Wall /Floor
artefact ward facilities in room colour
(schematic) (schematic) (slide) (slide)

Fig.3: significations or "lexicons" of knowledge invoked by a design

PARTICIPATORY DESIGN

The importance of interpretation has been identified by construction scholars. In work
exploring the role of artefacts in design settings, Luck (2007) noted that differences in
interpretation between professional and non-professionals is an area requiring further
investigation:

“By acknowledging the intermediary status of design representations, the “act of
interpretation” is recognized as part of the design process...The problem is that there
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seems to have been little, if any, research into how users understand these artefacts.”
(p.29)

In construction project contexts, both client and designers assume the role of readers
and writers of various semiotic resources utilized through the briefing process (e.g.
briefing documentation; schematic drawings; room data sheets, etc.). A semiotic
oriented analysis engages with communicative resources to clarify the meanings,
social motivations and consequences of resource use and the role of sign readers and
writers in such interactions.

This paper has re-emphasized the importance of interpretation, urging the need for
more participatory design initiatives. However, the reality of construction project
work impinges upon the practicalities of conducting comprehensive stakeholder
management work: the PFI procurement model for UK hospitals particularly affecting
stakeholder management work (PFI being characterized by tight timescales, quick
successions of meetings and limited communicative channels between client
stakeholders and designers). These realities do effect stakeholder engagement and
stakeholder input into the design process. However, as Prasad notes,

“Stakeholder consultation should mean true participation of key people in briefing and
design. The people who will be relying on the building to deliver their services
possess precious knowledge and unique insight that will immensely benefit the quality
of the design.” (2008, p.5)

It is perhaps valid to say that the interpretation of a design by a hospital cleaner may
be of equal value to that of an Executive Board member, but having the mechanisms
of stakeholder engagement in place is important if such contributions are to happen.

SUMMARY

The paper has outlined how hospital design teams and the NHS client attempt to
embrace stakeholder interests in the briefing process whilst highlighting the important
issue of stakeholder interpretation of designs. Whilst designers actively interpret
design issues from a client perspective as they formulate drawings and slides, valuable
stakeholder interpretations of a design may be missed because they are not engaged in
the design process. Additionally, although designs may become successively more
detailed and visual, the diversity of interpretation points to a need for effective
stakeholder engagement work. Fieldwork research suggests that on occasion both
hospital designers and expert advisors do not possess the same levels of knowledge as
NHS staff when relating to design artefacts.

The communicative signs of design provide a vital link between the cognitive
understandings of stakeholders and the potential realisations of design as formulated
by architects, engineers and designers. Design functionalities are unlocked by
engaging staff in participatory design work, allowing interpretation to occur, and by
allowing knowledgeable people within the client organisation and the design team to
contribute to the briefing and design process. In the briefing phase of hospital
projects, optimal design solutions are reached by engaging and utilizing stakeholder
interpretations of design to good effect. In this respect, stakeholders should not be
"managed”, but rather engaged, embraced and valued for their potential contributions.
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‘No need to reinvent the wheel’ and ‘it’s just painting by numbers’ are expressions
used by designers avoiding unnecessarily complex or over-simplistic approaches to
design problems. These are extreme scenarios, but practitioners are under increasing
pressure to minimise design effort and rationalise designs through repeated
application of standardised solutions. This paper deductively tests and analyses
interview data from building design case studies against analytical, conjectural and
reflective theory models for repeat design solutions. A re-framing process for both
clarifying a brief and selecting a design solution is shown to best match the described
designer behaviour, with instances of linear analytical and non-linear conjectural
processes occurring within that framework. It is inducted that designers in a repeated
design adopted a strategy for rationalising the design, which they described as
‘modularisation’, although this had multiple meanings for different members of the
design team. The strategy was driven in part by the ability to use parametric CAD
models to duplicate the design. The case study data is based on a series of
architecturally sophisticated projects with fairly unique standardised characteristics.
This may therefore limit the ability to generalise these findings to more rationalised
building types. However the conclusions of this research add to the understanding of
approaches adopted by designers using pre-solutions for standardisation.

Keywords: client, brief, framing, design, efficiency, standardisation, modularisation

INTRODUCTION

‘Reinventing the wheel’ describes an activity that wastes time and effort, because it
creates something that already exists (OED, 1989). However, there is a presumption in
the use of the term wheel, that the problem to be solved is tangible and has discrete,
definable parameters. In building designs, problems are more complex and
interdisciplinary, and it is sometimes necessary to adopt a more ‘inventive’ approach
(Lawson 2006). Paint-by-numbers is the very opposite of invention. Devised as a
process for mechanically creating a copy of an original artwork (Palmerpaint, 2013)
the expression refers to an activity that is unimaginative or un-natural (OED, 1989).
The ‘artist’ does not require significant knowledge of the original process or the
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artistic intention. Within the construction industry, when an outcome is necessarily
rationalised and is repeated many times, a mechanical or industrial approach may be
the most appropriate because of it offers consistency, speed and efficiency (Womack
et al 1990).

This study analyses case study data considering reflective processes of design,
described in literature as framing (Schon 1983; Atkin 1992), and compares these to
more analytical and conjectural approaches.

The case study considered for this research is a large scale infrastructure project with
several repeat designs: a series of high-speed railway stations, using a prototype
station design with four specific designs developed simultaneously from the base
design. The design team aimed to rationalise the process through the generic design
with standardised components, sub-assemblies and pre-assemblies with parametric
data using a shared Building Information Model. The team collectively described the
process of prototyping, rationalisation and use of generic components as
‘modularisation’.

DESIGN STRATEGIES

According to Zal & Cox (2008); p3 ‘Prototypical strategies’ will avoid ‘completely
reinventing the wheel” when working with manufactured products. The same phrase
is used when adopting ‘typologies’ from past solutions as design generators (Emmitt
2002; p122). These both suggest that there are ways of finding design solutions more
quickly. As will be defined below, the use of previous solutions is just one of several
methods used in design, with analytical techniques being used for well-defined
problems and conjectural techniques being used for ill-defined problems.

Problem-solving Design Theory
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(Pugh 1990; Cross 1990,

Figure 1: Linear problem solving

Concept, feasibility and detailed design are dynamic and creative phases of a design
process and many models have been proposed (Austin et al 2001). Designers follow
sequential steps and iterative cycles of design, although others argue (Lawson 2004)
that a reflective process is more accurate description. Design methods and design
science have been subjects of research since the 1960’s (Bayazit 2004). Described as a
separate discipline - a ‘designedly way of knowing’, thinking and acting (Cross 2001)
- designers are trained heuristically to evolve processes to solve problems that have
not yet been encountered (Lawson 2006). Designers tend to be solution focussed
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accumulating knowledge they may use in later designs. Furthermore, the process from
problem to solution is not consciously followed or straightforward (Lawson 2006).

Usually working to a time limit, designers aim to generate a satisfactory solution
rather than instigate a prolonged analysis of a problem (Cross 1982). The more
experienced rely on skilled behaviour reviewing many levels of design
simultaneously, tacitly ignoring non-important issues (Cross 1982) knowing that it is
impossible to assimilate all the constraints (Cross 1982). Solutions may emerge
through intense team deliberations (Macmillan et al 2001) and therefore, as a result,
designers do not necessarily ‘know’ how they design.

Linear and Non-linear processes

For well-defined problems, a linear process with cycles of analysis, synthesis and
evaluation, (Pugh 1990, Cross 1990), is the most common model. In complex designs
several competing solutions are investigated (Harper 1990), and an objective
assimilation of the options is used to find the best solution (Figure 1).
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Figure 2: Non-linear problem solving

If problems are ill-defined, designers tend to use a more conjectural process: a cyclical
non-linear model with problem structuring and problem solving (Lawson 1994), using
a primary generator and testing process as shown in figure 2. The primary generator or
‘proto form’ is a way of short-circuiting an otherwise complex activity.

It has been recognized that, even in a linear design process, building design solutions
may consist of overlapping and conflicting systems and sub-systems of components
and assemblies (Groak 2002) further complicating the design process.

Schon (1988) questions the positivistic view on design, noting that most designers are
responding to ill-defined problems, using intuition to deal with uncertainty and
conflicting demands (Cross 1981). Therefore, the model of assimilation, synthesis and
evaluation may be an inadequate description of the process (Lawson 2006) and, in any
case, is not practiced widely (Atkin 1992).

Framing Process

Framing theory proposes that each building design is a mental frame (defining size,
layout, architecture etc.), which acts as reference for future development of ideas
(Atkin 1992). Architectural design is a form of experimentation (Schon 1983); the
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framing of a problem is like a hypothesis to be solved through the design process.
Framing defines boundaries and situations and is used as a way of describing generic
perspectives (Schon 1983; Atkin 1992), leading to framing also being used in
establishing building types.

However, research on design thinking and framing (Atkin 1992) has shown that this
approach can lead to stereotyping. Atkins asserts that most designs are limited to a
small number of generic design options, and ‘experimentation involving conjecturing
and rigorous refutation is not popular amongst designers’ (Atkin 1992); p129.
Usually working to a time limit, designers will settle on a familiar and satisfactory
solution (Ball et al 1998) rather than instigate a prolonged analysis (Cross 1982) and
may even be aiming for a final solution in the first attempt (Atkin 1992). This broad
generalisation for design practice deserves further scrutiny to determine if on more
evolved design projects this process of stereotyping is still followed.

More recent work on framing focuses on the interrogation of client briefs (Paton &
Dorst 2011) as a method of clarifying a design commission shows that different
stakeholders have their own perspectives of a brief and re-framing is used to form a
common view. During the briefing process, designers confirm back to the client their
opinions on the building by re-framing the brief to propose a solution that is realistic.

Commancn i . / \ Devign & Producton
Marper 1390} ' |Warper 19500

l Hypothess
Experimentation
(Schon 1983)

2 | Generic
eveloping/ perspectives, EXISTING
Fans orae 2013 [Atkin 1992)
l Two-way process
Problemn
structuring/problem
l solving

(Lawson 2006) l

Mental framing: references,
boundaries & situations
(Schon 1983; Atkin 1992,

Figure 3: Framing of a design problem and solution

Figure 3 graphically summarises and collates the two current theories on framing
activities for evaluating and reconfirming the brief (Paton & Dorst 2011) and framing
of the solution with pre-existing typologies (Atkin 1992). The combined outcome of
these two processes is a problem structuring/problem solving activity (Lawson
2006), defined through common boundaries (Schon 1983). Schon’s experimental
process of hypothesising is a testing, rejecting and refining using this mental frame of
the project design.

These processes are non-sequential: the process of confirming the problem through
the brief, exploring existing typologies and refining the solution, occur in a loosely
structured relationship as shown in this diagram. The research will test out this
framing model and also look for the presence of linear and non-linear processes,
which are known to occur. Under this model they are proposed as episodes of design
activity occurring within the framing events.
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RESEARCH METHODOLOGY

Epistemologically, the research is testing and revealing a condition that already exists
and is therefore empirical realist in nature. The ontological position is predominantly
objective, but recognises that organisational behaviour will influence this study and
therefore is open to constructivist perspectives. The chosen research method for
collecting and analysing this data is a case study approach (Yin 2008). Using a
theoretical statement to enable an explanation or prediction of theory the approach is
deductive, using linear techniques for analysis. However, as found in many studies,
the distinction between inductive and deductive research is blurred as both approaches
may occur during different stages of the same research process (Bryman & Bell 2007).
Bryman & Bell propose a variant of the deductive empirical research model, which
ends with an inductive phase: a hypothesis is deduced from literature and preliminary
data and is scrutinized in the normal way to see if the main findings confirm or reject
that initial hypothesis and, depending on the outcome of those research findings, the
theory is further revised through an inductive process.

Data was collected from 25 interviews (40 hours) as part of a set of end-of-project
‘After-Action’ reviews (AAR) (Morrison & Meliza 1999), a hindsight process
(Bartholomew 2005) intended to increase a group awareness of tacit knowledge. The
team used memoranda and design models to communicate the design and these were
interrogated along with project reports and drawings. The interviews were organised
as structured conversations (Bryman 2007; Cresswell 2008) based around the topics of
the AAR process.

Thematic analysis was used to extract data from the interview transcripts; a coding
frame was developed for the analysis by:

1. Exploring themes and recurring topics, identifying repeated words and phrases

2. Sampling data from the interview transcripts based on descriptive statements
referring to the design process

3. Sorting data under the key categories:

a. brief development/problem structuring (Patton & Dorst 2011)

b. problem solving/use of previous typologies (Atkin 1992),

c. framing of the problem and solution (Schon 1983; Lawson 2006)
4. Sorting this data under sub-categories:

a. analytical linear (Pugh 1990; Cross 1990)

b. conjectural non-linear (Lawson 2006)

5. Drawing inferences from connected quotes, repeated topics, and occurring
phrases

The design team followed a prototype-design approach because of the scale of the
station project (>2 billion USD) and its repetition of designs. The modularisation
approach created a philosophy for the team of 150 architects and engineers to follow.
The case study is treated here as a singular project because the four stations were
developed simultaneously from an initial prototype design. Being a unique example
of its type it has justified a singular detailed case study investigation (Yin 2008).

Figure 4 shows a typical section through the station platform and concourse.
Although two of the stations were through-stations and two were arranged as terminus
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stations, they all had common repeated elements: linear platforms and canopies of
varying length and arrangement, based on a repeated modular design.
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Figure 4: Typical cross section of similar building elements in stations.

The central concourse structures were of different scale, layout and number of levels,
depending on their site and nature (terminus/through). The buildings had several
other rationalised components and similar cladding treatments.

RESEARCH FINDINGS

The interrogation of drawings, reports and interviews was aimed at detecting the
different strategies being used during the different phases of the project. The research
findings are grouped under the three headings:

1. Brief development/problem structuring,
2. Problem solving/use of previous typologies,
3. Boundary framing of the problem and solution.

Brief development/problem structuring

Although the project started with the brief development, the observed
evaluation/confirmation process continued throughout, including during the detailed
design stages. Design outputs were presented to the client at each stage to reconfirm
the way that the design was meeting the brief.

The client’s brief was found to be under-developed; it contained a list of areas that the
client would need for running and controlling the station, but there were no detailed
requirements.

“It describes what the entrance should encompass etc.... but (there are) no standards”
(Designer O; 2010).

The design team created a document to re-state the brief back to the client. “Our
objective was to convert the client’s brief into a working document, as well as telling
him what we were going to do” (Designer O; 2010). This document contained specific
design criteria and design proposals. With the client only having a partially formed
idea, the design team were taking on the role of ‘expert/artist’ (Paton & Dorst 2011),
with the framing process being largely led by the design team.

The report shows evidence of a detailed analysis of the brief including a deliberation
and selection of design options. The reports also conveyed design ideas: “we would
add in design criteria and sketches to show him what systems we were using”
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(Designer O; 2010). The use of sketches suggests that these designs were preliminary
and conjectural as to what the final proposal would contain. The designers were using
their professional knowledge, including schemata and guiding principles (Patton &
Dorst, 2011), to reframe the design problem.

Without full information on the operation of the railway, the JV appointed a sub-
consultant as a proxy operator: “we all realised that we needed a rail operation
specialist” (Design Manager AC; 2010). These separate consultants invented a virtual
rail operation with a timetable, with generated passenger flows and station staffing
levels in order to re-confirm assumptions about the size of the station concourse,
platforms and accommodation. This process required both invention and detailed
analytical processes to create the necessary data for understanding the design and
operation. This situation confirms the need for a cyclical process of developing and re-
confirming of the brief with the client (Paton & Dorst, 2011).

The client later appointed academics to assess the architecture. “The introduction of
the professors post-concept, caused a delay to approvals as the design team needed to
re-justify the design principles”. This indicates that a continuing process of
deliberations and approvals was taking place during and beyond the brief definition
phase. “...once on-board, their (professors’) subsequent endorsement of the scheme
became useful later” (Architect AB; 2011. This shows that a building of relationships
with the client body was helped through the framing process, and through the
professors role the client team became more of a ‘collaborator’ with the architect
(Paton & Dorst 2011).

Problem solving/use of previous typologies

For the layout of the public spaces and the architectural roof forms, the design team
drew inspiration from their previous projects and airport buildings in particular. In the
concept design documents, comparisons were made with repeating roof systems used
in airport departure halls, as well as using local contextual references to forms such as
arches and colonnades. Notwithstanding, there was little indication to suggest that
design ‘stereotypes’ (Atkin 1992) were being used beyond the concept stage as idea
generators. The airport precedents were closer to an initial framing technique using a
primary generator for conjectural analysis (Patton & Dorst 2011). The options report
detailed variations in repeating roof forms, with variations in pitch and grid spacing,
showing a significant degree of analysis and synthesis with evaluation of these
options. This process was “architect led”, being “really about what worked spatially
and for operation” with the structural engineer “helping (the architect) to see what
worked as a column grid” (Designer M; 2010). Therefore the solution structuring
process, which initially drew on other building typologies solutions, continued to be
re-framed through a consideration of parameters (structural grid, jointing, vertical
supports, optimisation of spanning structure) and within this process there were cycles
of linear analytical design work.

However, the design team, led by the architects, operated a robust reviewing process
called a design review board, occurring shortly before final design resolution at each
stage in the project. As a result of these reviews, agreed detailed designs were
frequently rejected, leading to re-designs.

The timing of these was chosen to make sure that the design leadership endorsed the
design presented to the client. The review boards were also helpful in identifying the
critical issues for the design, giving the lead architect and his the team fore-knowledge
on which aspects of the scheme to push more strongly with the client, and which areas
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where they could show more flexibility. However, for many in the design team the
results of these reviews appeared unpredictable and the process highly conjectural. In
effect, some non-linearity seemed to be self-imposed through the architect's review
processes. Major design revisions would be made at these reviews: “they decided to
punch a hole all the way through, to connect to the platforms of the two through
stations.... but we had a fire compartment between the station and the platforms
(Designer P; 2010). Internal design meetings also had unpredictable results. The
architect’s team “would change designs the day after the meeting where decisions
were made” (Designer M; 2010). “The frustrating thing from our point of view was
that we were committing to delivering Stage E and beginning of stage F”’ (Designer Q;
2010). Stage E & F are detailed design and contract production stages; these accounts
show that conjectural design activity was occurring at the same time as more focussed
linear and analytical processes associated with delivery of information.

Boundary framing of the problem and solution

The project was of sufficient scale to appoint senior designers to oversee each of the
key disciplines; their role was separate to the delivery team in order to maintain an
over-view of their own discipline. They were also required to be able to contextualise
the technical requirements of their discipline from the overall project perspective.
This became important for the design board, because discipline leaders needed to be
able to “articulate a design concept or story” in negotiations with other disciplines.
They also needed to have a clear picture of the overall context “making it clear why
certain choices are made’ (Manager AF; 2010).

The use of design notes was also considered an “absolutely crucial tool” (Designer Q;
2010) for defining the design thinking and process for all the stations. These instances
of technical oversight and communication are evidence that mental frames described
through a set of boundary criteria (Schon 1989) were being defined to manage the
detailed design of the buildings and the framing activity was instrumental in assisting
collective team knowledge and understanding of the design problems being tackled
(Atkin 1992).

==

2

Figure 5: Concourse ‘kit of parts’ structure

For the concourse layouts the prototyping team had developed a ‘kit of parts’ for the
structural components (figure 5). Simplified analysis models were sent to the station
teams, who then worked them up into station specific models. The standard kit of
parts’ approach was also adopted for the drawings, with elements built-up piece by
piece. This process was “tricky at the start, knowing where all the pieces went” and
stations designers “needed to know design assumptions made for all the elements” but
eventually it “became an incredibly fast tool” (Designer T; 2010).
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“The most efficient way of doing this was to design the stations simultaneously.
When we ran models, the same person would look at the same part on the other
station, applying learning from the first station straight away” (Designer T; 2010).
This shows that the framing of design problems was instrumental part of the evolved
design solution using standardised components and sub-assembly designs.

CONCLUSIONS

To conclude that ‘a structured design generation and synthesis is little practised by
designers... and future designs are more likely to be combinations of previous
designs...than representing a new line of thinking..” (Atkin 1992); p129, has not been
evidenced in this study. The designers appeared to be using a structured approach to
the design, they were synthesising problems associated with the brief, and developing
original designs.

Reframing as a design theory is a convincing model for representing the overall
process of design as shown in this case study; the design process is a non-sequential
series of reflective mental activities grouped into loosely structured stages of briefing
evaluation, solution testing and problem structuring/problem solving. The occurrence
of each stage was interrelated with other stages; the brief process was negotiated, the
testing out of building typologies was a conjectural and analytical process of testing
and rejecting options, and the definition of framing boundaries for problem/solution
was formally defined to become an important structure from which the detailed design
emerged.

The modularisation process, based on an initial prototype was a predetermined
strategy, in effect an evolved type of framing, with design parameters being defined
through the prototype and then reconfirmed in the detailed design of the individual
stations. Framing through modularisation as shown here is a productive technique for
structuring and developing a standardised design.
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ACCOUNTING FOR USERS: DESIGN TEAM WORK IN
IMMERSIVE VIRTUAL REALITY ENVIRONMENTS
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The study examines how designers account for the use and users of their design in the
situation of reviewing the design in an Immersive Virtual Reality Environment
(IVRE). The focus is on the interactions whereby designers express the imagined
perspective of being users, and on how the design meeting is configured with respect
to the concern around the use of the future building by the real users. Observations are
made around how designers express these ‘narratives’ around experiencing a design
as imaginary users through various modes (verbal, graphical, behavioural) involving
different procedures and forms of representation. The case study is an on-going
construction project for a new hospital in the UK, where an IVRE was used
performing design review sessions during the bid preparation stage. Drawing on data
based on direct observation and audio-video recordings of multiple design meetings,
the scrutiny is on how architects adopt the position of end- users in design sessions in
which users do not participate. The aim is to examine the nature and dynamics of
interactions inside a design team as they imagine users’ needs in an IVRE. The focus
is on how architects express and test the ‘usage’ of their design in this particular
technological setting, where life- like movements and physical interactions with the
design are possible.

Keywords: design, immersive virtual reality environment, interaction

INTRODUCTION

The aim of this study is to investigate how designers account for their users, from the
perspective of examining instances where designers adopt the role of being a user in
an Immersive Virtual Reality Environment (IVRE). Concerns around how the ‘use’
and users of an artefact are incorporated in the design process have been raised across
domains of architecture, engineering, product design and software design (e.g. Luck
2007, 2012; Ball and Christensen 2009; Cross 2000; Arvola and Artman 2007).
Within the construction field, the issue of how designers account for users tends to be
oriented towards designers directly engaging with users (in creating together shared
meanings of design schemes) or in using individual experiences and knowledge to
imagine end- users’ experience of the design. The case study is an on-going
construction project for a new hospital in the UK, where an IVRE was used
performing design review sessions during the bid preparation stage. The focus is on
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how architects express and test the ‘usage’ of their design in this particular
technological setting, where life- like interactions with the design are possible.

LITERATURE REVIEW

This section identifies two broad strands in the literature around designers and users:
the first focussed on designers directly engaging with users, and the second strand
investigating design sessions in which users do not participate. Within the second
strand we identify two main modes whereby designers account for the use and users of
their design: through drawing on their previous individual experience of an existing
design, or through imagining an end- user's experience of the design being developed.

The first strand of studies focusses on how designers account for users through
investigating design situations in which end users are being directly involved.
Building on a participatory design approach, such studies stress the role of bringing
users’ perspective on the use of a designed space (drawn on their insights from the
lived experience in similar buildings) in conversations with architects, to
collaboratively articulate design problems and solutions through establishing together
a ‘spatial reasoning’ of a design scheme (e.g. Luck 2012). From a similar standpoint,
work oriented on the conversational behaviour in design meetings in which architects
engage directly with users in 'reflecting in practice’ discusses the role of describing
the use of space to create shared meanings of the design proposal (Luck and Mc.
Donnell 2006 ) or to coproduce design ideas (Luck 2007).

The second strand of research concerned with how designers address issues around the
use of the design as final product draws the attention on the interactions inside
designers' teams, and examine design situations in which users do not participate.
These studies examine how architects reflect on the use of space from the clients’
perspective through simulating users’ experience of occupying the designed space, in
various modes involving different procedures, technologies and forms of
representation. In this sense, some studies focus on the role of mental or graphical
scenarios accompanied by ‘narratives’ developed and expressed through verbal
description and/ or through drawings and gest-draws, and discuss how architects
imagine ‘stories’ about their users, in which they refer to “the ‘roles’ they play and to
the ‘rituals’ in which they are set” (Lawson 2006: 205). It is also examined the use of
‘narrative’ as strategy for conceptualizing and testing design ideas (Lawson
2006:267), and of how new technologies mediate the expression of such ‘narratives’
through drawings and gest-draws (e.g. Buscher 2005). Other work examines how the
embodied references to the design are mediated through multiple visual means and
models (e.g. Buscher 2006), or discuss the use of various forms of design
representations for enabling a viewing experience of the designed space, as similar to
users’ perspective (e.g. Yaneva 2005- the scaling process, the use of physical mock-
ups and of the model-scope).

In other domains of design, literature around designers enacting the role of users and/
or of system components of a design, discusses the role of ‘personal analogies’ in the
creative process, as for example through imagining circumstances of being the user of
a designed object, or a part of the designed system (Cross 2000). Studies around the
social dimension of teamwork in design discuss how assessing the ‘human factor’
issue of a designed object is guided through designers’ personal knowledge on the use
of their design, based on individual experience of a design situation (Cross 1995).
Empirical studies of engineering design meetings (Ball and Christensen 2009) address
issues of analogical reasoning and mental simulation in design with regard to features
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of end- user’s experience of the design. From a similar concern, other studies
investigate how collaborating designers simulate experiencing a design through
gestures and taking on the role of users or of system components (e.g. studies that
examine types of enactments employed by designers to express a design concept -
“means of expression”, such as through gestures and improvising playing) (Arvola
and Artman 2007). This study draws the focus on how architects adopt the position of
end- users in design sessions in which users don’t participate. Compared to the above
studies, which focus mainly on the spoken interaction, this paper extends the scrutiny
on how the visible means of enacting user's behaviours interplay with the verbal
modalities of reflecting on and expressing the use of the design.

METHODOLOGY

This research examines the nature and dynamics of design interactions in an IVRE
from the concern with how architects consider the usage and the experience of their
design from the perspective of imagining themselves as users. This concern with
understanding specific interactional aspects regarding the practical and situated
accomplishment of design is consistent with the methodological choice of observing
in detail how this set of practices are naturally performed in this particular setting. The
case study is based on an on-going project for designing a new hospital in the UK.
One of the requirements is that all patient accommodation is in single rooms, rather
than traditional wards. Single room only accommodation is rare in the UK, and so a
key issue for the client was ensuring that the rooms were of sufficient size. At the time
of the research, the project was still in bid preparation stage. The project team opted to
augment the traditional design and client engagement procedure with the use of a
CAVE (a type of IVRE) at the University of Reading. This was to be used to
demonstrate to the client that the rooms were of an appropriate size.

As particular type of IVRE, the CAVE is a surround large display visualisation
technology that may allow multiple users to experience an immersive simulation of tri
dimensional life sized virtual objects at a time. The classic CAVE (Cave Automatic
Virtual Environment) as the one designed and implemented at the University of
Illinois at Chicago in 1991, is a multi-person, room- sized, high resolution multi-
display 3D video and audio environment, in which graphics are projected stereo onto
the walls and the floor. It offers the user (equipped with 3D stereo glasses and a head
mounted tracking device with location sensor) an active stereo and real-time
interaction with the model. One user’s movement in the space of the CAVE is being
tracked and, consequently, the correct scene perspective rendering is displayed in a
continuous responsive manner. CAVE participants see their arms and bodies and can
easily interact between themselves during the simulation (De Fanti et.al. 2011). The
CAVE at the University of Reading has three vertical projection screens (3m by 2.2
m) and a floor projection screen (3m by 3m).

The research used video recording and direct observation of a series of six sessions
held within the CAVE, involving project and design managers, architects and
designers, and modellers and visualizers, in various combinations. These were spread
across five months, between November 2011 and March 2012. These sessions
produced 12hours of audio-video recordings. Various combinations of video cameras
have been used to capture the design meetings: one hand-held camera, a second
camera fixed on a tripod, positioned in one corner of the CAVE and a third camera
fixed on the CAVE’s ceiling to offer an aerial top down view. In conducting the
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research, we followed the University's ethical procedures regarding the participants'
consent, and the confidentiality and data protection.

This study examines how designers account for their users and express this in an
immersive environment. The focus is on the particular interactions whereby designers
make sense of the ‘usage’ of the designed spaces and enact user’s behaviours, and on
how the IVRE is used in configuring these interactions. The analysis draws on a
collection of such situated enactments whereby designers reference their actions to
how the design might be experienced by their users. The empirical material has been
structured in four episodes analysed below. The initial fragment has been selected to
provide preliminary sense of the interactions that will form the focus of attention. The
following episodes examine several instances whereby designers imagine themselves
as users experiencing the space of the hospital. This approach draws on video
ethnography based studies of workplaces and of interactions (Heath and Luff 2008;
Heath, Hindmarsh and Luff 2010). The transcripts presented in the paper have been
produced using a simplified transcribing system provided by Silverman (2006).

ANALYSIS

Between virtual and real: Simulating the experience of inhabiting the space

This fragment supports introducing a chronological frame of the design events
occurring in the CAVE in the context of preparing the bid for the hospital project. The
fragment is extracted from the first from a series of six sessions of reviewing the
design in the CAVE, and it refers to how the architects and contractors teams first
encountering the immersive environment perform a walkthrough of the hospital’s
virtual model. It has been selected to illustrate an instance whereby the design
participants envisage potential benefits of using the CAVE for presenting the design to
their client.

Figure 1. Episode I images

Episode 1 (E1)

Designerl (09:00): | can seat down.
(09:16):  ((the designer is kneeling))
Contractor 1 (09:17): And if you could look a bit further to the right?
((the contractor points the direction with the hand))
(09:19): ((the designer follows the suggestion and orients the head and
gaze towards the right; the other participants take photos with
the designer inside the space of the hospital))
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Contractor 1 (09:20): And if you turn to the left?
((the contractor points the direction with the hand and
dynamically gestures towards the left side of the model))
((the designer reorients the head and gaze towards the left))
Contractor 1 (09:22): That’s go:od.
((the other participants take another set of photos with the
designer facing the opposite direction of the reception area))
Contractor 1 (09:24): Now stand up!
(09:26): ((the designer begins to gradually stand up))
(09:28): ((the designer is standing up))
(09:30): ((the other participants take a final set of photos with the
designer standing on the reception desk))
Designer 1 (09:38):  You can actually d:o (.) like typing!
Designer 1 (09:46): () You got to get the TRUST ((the client)) in here!

In the course of examining the main reception area of the hospital, the participants
decide to record a series of photos with the spatial effect of the virtual model as
previewed in the CAVE for demonstrating the compliance of the design scheme with
the visibility requirement. In consequence to noting the advantage of a 3D life size
scaled model which allows real- time interaction through physical motion, they decide
to augment the sense of scale and realism in the photos by including a designer acting
as nurse while performing activities at the reception desk, as personage in the picture.
The project team employs an active simulation of the visibility scenario for illustrating
various viewing angles of the reception area from different height levels around the
desk as in the real use of the hospital. Following a contractor’s guidance, the designer
acting as nurse gradually changes the position of her body as from siting down on a
virtual chair to standing up. A rich range of visual behaviour accompanies the verbal
coordination between participants and the interaction with the imagery throughout this
sequence of the design meeting. Multiple changes of gazes and gestures of pointing
(with the arms and fingers) towards different areas of the hospital, or reorienting the
head direction and body motion in the space of the CAVE are frequently being
engaged.

After the project team’s members consider they had recorded sufficient photos of the
model displayed in the IVR, the designer which had acted as nurse continues playing
the role of being medical staff, and spontaneously begins to engage in testing the
experience of inhabiting the model. Finding herself standing near the virtual desk she
notes how the model interactively responded to her body’s motion within the space as
in a real building (E1, 09:26-09:30). Observing how her arms seem to rest as on a real
furniture object (the effect of the life size scaled model) she begins to move her hands
and fingers in gestures of simulating typing on a real keyboard, imaginary placed on
the virtual desk (E1, 09:30- 09:38).

The proximity of the virtual desk at a real like height and ergonomically placed as
perceived in relation to designer’s body stimulate her responsive reaction to simulate
performing an activity in the surrounding model and generates the feeling of
inhabiting the space: “You can actually d:o (.) like typing!“ (E1, 09:38). Impressed by
the strikingly compelling sense of being in the model (and the real-like perception of
the hospital’s space) she points the potential of using the CAVE in the design review
and for presenting the design to the client: ”You got to get the TRUST in here!” (E1,
09:46). The designer’s sudden behaviour (between the moments 09:30 and 09:38 in
the fragment E1) infers the effect of the immersive environment on stimulating
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adopting a perspective analogue to being an end user experiencing the space. Also, the
enactments of user’s behaviour instantiated in this fragment reflect a rich interplay of
talk with dynamic visual means expressed through body motion and gestures.

In the context of the on-going project for designing the hospital, these observations
around the potential of the technology, such as enabling the immersed participants to
simulate performing activities in a realistic way, influenced the project teams’
members to consequently deciding to use the CAVE for presenting the design to the
client. In summary, this analysis points towards how designers adopt the perspective
of being users for testing the design requirements through employing a rich interplay
of verbal and visual behaviour in the IVRE.

Reviewing the design in the CAVE: Designers imagining themselves as users

This subsection examines how the architects, designers and visualizers in the project
team consider the activities performed in the designed spaces from the account of
users. More specifically, it refers to how participants exploring the design in the
CAVE interpret and make sense of the virtual model from the perspective of
imagining themselves as users experiencing the space of the hospital. The focus is on
how designers are moving the design review beyond discussing issues of form and
function to address the experience of occupying the space, and on the modes of
expressing this design concern in the immersive environment.

The following fragments are extracted from an early design review session when the
architects’ team is concerned with the compliance of the design scheme to meet the
client’s requirements and with how the geometry of space fits the functionality, and
also with the visual experience of the model (e.g. lights, colours, textures).

“Can Ilook at the bath?” “( ) The door looks wide™ “The dooris wide™

Figure 2.Episode 2 images
Episode 2 (E2)

Designer 1 (15:44):  The door seems wide.

Designer 2 (15:45): Can | look at the b:ath?((shows the direction with her arm))

Designer 1 (15:46): Wh::at?

Designer 2 (15:47):  He thinks I’'m wide...((laughs))

Designer 1 (15:49): Ha, ha, I don’t know how you got the conversation that way!
((general laughs))

Designer 2 (15:52): I’'m gonna go in the toilet.

Designer 3 (15:53):  The door looks really wide.

Designer 2 (15:54):  The door is wide=

General =The door is wide

This episode depicts an instance when the design team examines the door separating
the bedroom and bathroom areas in the patient’s room. In previewing the door from
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the bedroom, one of the designers estimates the door’s dimension as appropriate to
allow a person’s way between the two adjacent spatial units: “the door seems wide”
(E2, 15:44). This infers a lack of certainty about the door’s dimension, as the accuracy
of the evaluation is not based on a precise measurement tool (like it would have been
available on a scaled drawing on paper, or on a scaled physical or virtual mock-up
visualised on a computer screen): “seems”. It also implies another mode of
measurement through considering how the door fits its use and referencing the door’s
width to the human body’s size (therefor the door is described as “wide”). This remark
relates with the immediately following moments when the way in which the designer
leading the navigation formulates the intention to move the examination of the model
in the bathroom as “Can I look at the bath?” generates a reaction of surprize in the
first designer’s in exclamation “Wh::at?”. This constitutes an interestingly atypical
reaction during a design review, in which shifting the spatial analysis between
different areas of the design, as these are progressively being examined, is a routine
procedure. The element of surprise is further augmented in the second designer’s
reaction: “He thinks I’'m wide...” (E2,15:47). Being aware that she is visually situated
in close proximity to the virtual door, previously estimated as wide, the second’s
designer (wearing the head trackers) ton of amusement questions the sense of relating
the door’s width with the size of her own body. The immediate response “I don’t
know how you got the conversation that way!” marks a particularity of the immersive
design review and infers the overlay between the real-life like behaviour in the virtual
hospital and a mode of relating design dimensions to own bodies and of referencing
the ergonomics of the design to designer’s enactments in the virtual space.

The sequence between the moments 15: 44 and 15:49 captures an example of how,
consequently to being immersed in the virtual space with their own physical bodies,
the design participants begin to perceive in a real like manner not only the design
information, but also the way in which they interrelate with the virtual model and
among each other. As the designer enters the bathroom through the virtual door, the
other participants which are visually following her movement note the ergonomics of
the space to accommodate her action (E2, 15:54). Almost simultaneously, the designer
confirms that, as person wearing the head trackers, she has a similar perception of the
door’s dimension and augments her verbal utterance with visual gestures (raises and
opens her arms to indicate the door’s width) (E2, 15:54). Her verbal and visual

demonstration brings about the final confirmation of the group: “the door is wide “
(E2, 15:54).

Summing up, this episode shows how the designers immersed in virtual environment
enact the experience of imagined users of the real hospital. Also, it reflects how
multiple members of the design team organize the review by behaving like a group of
end-users.

Inspecting the bathroom  Counting grab rails “Would have been nice () a window™
Figure 3. Episode 3images

Episode 3 (E3)
General (15:58): Yuh:::utll
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((entering the bathroom))
Designer 1 (15:59):  Would have been nice if there was a window.
((gestures pointing towards the blind wall of the bathroom))
General (16:02): It ((the room)) looks giant!
Designer 2 (16:05):  These ((toilet, basin, etc.)) don’t look centred
Designer 1 (16:07):  One, two, three,..., seven, eight grab rails!
((counting the grab rails in the room and following this action
with hand gestures of indicating their location on the wall))
Designer 2 (16:11): It s, yes, cause they have to be!

The design team’s members express a general enthusiasm when, consequently to the
designer’s wearing the head trackers motion through the space of the CAVE, they find
themselves in the patient’s bathroom. The group notes the satisfactory dimensions of
the room, which is unanimously perceived as having a better size than expected from
the previous examination of the model via other non-immersive and smaller scale
representational modes (Revit model, on screen). Examining how the design meets the
clients’ requirements and corresponds to typical norms of a hospital bathroom scheme,
their review addresses the geometrical and functional configuration of the design with
regard to issues of area, heights, and the location of sanitary objects in the room.

The instance whereby a designer remarks that a window would have enhanced the
quality of the bathroom’s space (even though it was not a compulsory design
requirement) (E3, 15:59) constitutes an example of reflecting on the perception of the
space from both a professional angle, and, also from assuming how real users might
perceive the design. As it does not address the specific focus of review (it is not
compulsory like, for example, the grab rails that “have to be”- E3, 16:11), the
observation around the window which would have enriched the quality of the space is
not further expanded in the meeting in a collaborative discussion, like other spatial
elements previously examined. The way in which the remark about the window
juxtaposes in the sequence infers the effect of being immersed with own body on the
direct perceptual experience of the designer who formulates it. Therefor the situated
review of the design becomes constituted through interlacing both observations
around meeting the specific design requirements (e.g. eight grab rails, 1.7 metres
height for the mirror- E4,16:37) and also spontaneous reactions of the design team
encountering the space with their own physical bodies and imagining the perspective
of users. This episode reflects a particular mode of reviewing the design not only
through measuring a space by moving through it, but also through testing the
experience in the space. It moreover illustrates an example of designers making sense
of the space both through the design knowledge of a scheme, and from assuming a
real user’s perception of the not yet built hospital.

“This basin needs to be centred™ () basin’s moved™ “This mirror should be up like that™
Figure 4. Episode 4 images

Episode 4 (E4)
Designer 1 (16:25): The basin on the wall is off centred.
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Designer 2 (16:29): () It looks ok (0.2) Quite low, though.

Designer 2 (16:37): Eye level, 1.7 ((metres))

Designer 3 (16:40): If you’re a tall person you have a different point of view
Designer 1 (16:43) So if you’re saying it looks low, it must be low
Designer 1 (16:48): Does it seem low to you?

Designer 2 (16:50): Yes, it does.

Designer 2 (16:52): And this mirror (0.2) should be up (.) like that.

Designer 1 (16:56): And this basin should be centred between the two rails!

((the other designers change gazes and reorient their
heads towards the left side of the room))

In this fragment, the design team continue the exploration of the bathroom. The
designer wearing the head trackers is the person having the most accurate visual
perception of the rendered model, and who interacts directly with the imagery (her
motion in the space of the CAVE drives the active real time animation of the virtual
model). After examining the door, the window, and the grab rails, designers moving
around in the bathroom employ a thorough examination of the wall with the sanitary
objects. Their situated behaviour infers that the group acknowledges that the designer
wearing the head tracker is experiencing the simulation of the model in the most
similar way to how a real user of the bathroom might perceive it: “( ) if you’re saying
it looks low, it must be low” (E4, 16:43). Consequently, the collective judgement in
reviewing the space becomes organized around her perceptual feedback.

The sequence of reviewing the position of the mirror on the wall develops through
referencing the height levels in the virtual space to the designer’s body. This reflects
both in how she becomes the comparison point to give sense of scale to the model and
she is integrated in the visual examination of the group, and also through how the
designer enacting the use of space makes sense of the height and formulates her
evaluation: (') this mirror should be up () like that”. This is complemented through
expressing a visual way of describing the height when the designer gradually raises
her arm above the head’s level to indicate the position of the mirror. Examining the
present, past, and future states of the design (““it looks ok™, “is off centred”, “should be
up”, “has moved”) is realized through interlacing a multitude of gestures like pointing
the directions or indicating the location of sanitary objects by moving arms, fingers
and reorienting the head direction and changing gazes. As instantiated in these
episodes, the awareness of own body size in reference to that of the designed building
via interacting with the virtual model rendered in the CAVE enables designers to
explore the space in a manner resembling to how users might experience it.

This fragment reveals how the design team members organize their collaborative
evaluation around the perception of the designer who is acting the role of user. This is
mediated through a complex interplay of both verbal and visual behaviour employed
in simulating the experience of a user, in communicating it within the design team,
and in collaboratively making sense of the design.

CONCLUSIONS

The findings showed that the specific context of interacting with the building model
and around it among designers immersed in the virtual environment in a real-like
manner (responsive interactions in real-time through body motion in the virtual space
and seeing own bodies and other team members) mediated a particular way of
accomplishing the review. This consisted in: realising spatial measurements through
referencing design elements to designers’ physical body size; evaluating the
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ergonomics as referenced to designers’ body motion through the virtual space; testing
the visual and functional perception of the design through spontaneous enactments of
inhabiting/ using the design (instances of taking on the role of users performing
activities in the designed spaces). Regarding the issue of how designers imagined
themselves as real users, the study suggested that the team made sense of the review
both in instances of multiple designers playing roles of users, and in sequences of
organising the collective judgement around the perception of the designer taking on
the role of the user. Also, the study reveals that the design team members
accomplished the review and configured end-users’ enactments in the IVRE
employing a complex interplay of both verbal and visual behaviour (gestures, gazes,
body movement and change of orientation). This suggests the potential to augment
addressing the end- users' experience of a design in the process, and to complement
other design methods like bringing users' participation in developing an architectural
project.
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Understanding the links between a building and outcome measures relevant to the
purpose of the building should be an important issue for those commissioning,
designing, delivering and operating facilities. In project teams that concern is often
tacit and understanding is limited. The links are complex, under-researched and hard
to demonstrate. Progress has been made in the context of healthcare infrastructure - an
influential body of literature has demonstrated the role of the built environment in
achieving good healthcare outcomes. However, applying such knowledge often
requires new building or adaptation of existing buildings. These are process of change
undertaken by healthcare organisations and others. Building change and
organisational change happen together and influence each other. And both can be
expected to subsequently influence organisational and healthcare outcomes. These
relationships are explored using the findings from a mixed-method, longitudinal case
study of the design, construction and operation of a new day surgery ward. The
analysis draws on built healing environment, health management, organisational
research and value management to propose ways in which the impact of the built
environment can be mediated through construction/organisational change projects and
potential implications for construction practice.

Keywords: architecture, building performance, organizational analysis, value
management, project management

INTRODUCTION

Architectural theory and research has been concerned with understanding the
relationship between building and purpose for decades (e.g. Studer, 1969; Stitt, 1985;
Groak, 2002). This relationship between ‘form and function’ is central and one of the
most challenging aspects of the building design process is for clients to convey to the
designer what they want the building to do. Clients can find it hard to think of their
requirements in abstract terms and designers have the difficult job of understanding
and interpreting the client's vision and requirements and developing both a design
‘brief” and a solution that meets the client's aspirations. Frequently the reality falls
short of this difficult and theoretical process (Barrett & Stanley, 1999; Blyth &
Worthington, 2001). Research in environmental psychology has attempted to provide
an empirical basis for the effect of form on function and have accumulated evidence
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of effects of specific individual features of the work environment e.g. light levels,
noise, personalisation and layout (Bechtel, 1997). Understanding the links between a
building and outcome measures relevant to the purpose of the building should be an
important issue for those commissioning, designing, delivering and operating
facilities. Unfortunately in project teams that concern is often tacit and understanding
is limited as the relevant knowledge is specialised and the links are complex, under-
researched and hard to demonstrate in practice (Anthes, 2009).

This is not just a concern for architectural theorists and psychologists however.
Assumptions about the ability to make decisions based on knowledge of the causal
effects of building design and construction on outcomes that owners and users of
buildings care about are at the core of a number of persistent issues in construction
management and an implicit foundation of some recent innovations. Included in this
are briefing, design management more broadly (particularly the tracing of
requirements through the design process (Delgado-Hernandez et al, 2007)) and value
engineering/value management (Short et al, 2007). Project management practices such
as business case production and agreement (Gannon & Smith, 2011) and the operation
of gateway review processes (OGC, 2007) in client-specific and generic
methodologies also assume a robust understanding of the implications of decisions.
The same is true for post-project activities such as post-occupancy evaluation and
managed handover (Way & Bordass, 2005) and the current concern with occupant
behaviour as a component of built environment’s contribution to sustainability policy
(Pilkington et al, 2011). More broadly understanding these links are necessary to
realise the potential of innovative business models such as performance-based
contracting (Gruneberg et al, 2007) and service-led construction (Leiringer et al,
2009).

This paper seeks to contribute to an aspect of this understanding through exploring
these relationships using some findings from a mixed-method, longitudinal case study
of the design, construction and operation of a new day surgery ward in a National
Health Service hospital in England. The paper introduces specific research on the
‘healing environment’ and work on organisational change that incorporates aspects of
the built environment. The case study is described and discussed, drawing out
implications and suggestions for further research in the relationship between;
buildings, projects and organisations.

HEALTHCARE BUILT ENVIRONMENT AND
ORGANISATIONAL CHANGE

An emerging and increasingly influential body of academic literature has
demonstrated the importance of the built environment in achieving good healthcare
outcomes. Reviews have found relationships between design and: staff stress and
effectiveness; patient safety; patient and family stress and healing; improved overall
healthcare quality and cost; and patient satisfaction (Ulrich & Zimring, 2004). There is
an increasing awareness that the built environment does not just accommodate
healthcare organisations and care delivery practices but can, and should, significantly
contribute to their effectiveness (e.g. CABE, 2006). At the same time, in an
environment of resource limitations, capital budgets compete with those for improved
medical technologies and drugs — both of which have better developed procedures for
determining efficacy and value for money. Justifying the allocation of resources for
improved and high-quality healthcare environments away from immediate operational
care (‘stealing from patients’), can be culturally and politically difficult in the NHS

168



Design Management

(Boyd & Chinyio, 2006). There is a need to ensure that investment decisions are
soundly made and the greatest possible benefit derived from them. Improving the
assessment of the outcomes of healthcare infrastructure projects is, therefore,
politically and organisationally as well as scientifically important.

This ‘built healing environment’ research has mainly studied steady-state relationships
between aspects of buildings (e.g. light levels, configuration) and healthcare outcomes
(e.g. patient satisfaction, care quality, recovery time). Constructing or changing
buildings to achieve the potential of such knowledge requires designers, builders and
healthcare organisations to come together in projects. These projects necessarily
contain elements of building change and organisational change that can influence each
other and can be expected to subsequently influence organisational and healthcare
outcomes. Some healthcare building types are intended to achieve organisational
objectives such as collaboration or integrated working by bringing together disparate
services. Example of this include mixed-use buildings like diagnostics & treatment
centres, some joint primary care and local authority projects or, more broadly,
coordinating IT projects like the NHS care records programme. The use of technology
to achieve organisational or practice objectives has been documented by health
services researchers. Crump (2002) found that, “medical and technical staff expect
integration to occur [...] It is mainly thought about as a technological problem and, as
such, an answer to it will be provided by some form of technical innovation or
development” (p111). The physical design and layout of hospitals, as with other
buildings, also reflect organisational arrangements. Esian & Rich (2005) describe
how, in order to manage complexity, the hospital system has specialised activities into
functional departments. Healthcare organisations “create boundaries between
departments and often support these with physical boundaries” (p84).

METHODS

The research from which these findings and analysis are drawn was a longitudinal,
multi-method case study of the design, construction and operation of a new healthcare
space, a day surgery unit (DSU). The aim of the research was to study the design and
use of the DSU with particular focus on the role of, and interactions with, a new ‘care
pathway'. Methodologically, the research conduct and analysis adopted what has since
been characterised as an abductive approach (Timmermans & Tavory, 2012) in which
the researcher enters the field with a variety of theoretical and explanatory
frameworks and an expectation of anticipated findings but remains open to, and places
analytical importance on, 'surprise’ in the form of either novelty (a new experience) or
anomaly (an unexpected experience). The methods that generated data drawn on in
this paper include; interviews (transcribed, semi-structured), informal discussions, un-
structured non-participant observation, analysis of business performance metrics,
document analysis, research meetings and seminars. A mixed methods approach is
recommended for post-occupancy evaluation, of which the research presented here is
a variant, to help "unpick the detail of what is affecting our performance in the
workplace" (Turpin-Brooks & Viccars, 2006; 193). Trust performance data was used
in post-hoc analysis alongside the qualitative findings in order for the two data types
to interrogate each other in the analysis.

Case description

The research partner is an NHS acute trust (‘East Trust’) in the south of England that
offers a full range of acute and other secondary services including accident and
emergency. Although a good performer in some areas, the Trust identified itself as
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under-performing with respect to its day surgery rates (at the beginning of the research
engagement it was 66% compared to the NHS target of 75% and a national average of
68%). The Trust was engaged in an ongoing series of infrastructure and pathway
initiatives with the objective of increasing its day surgery rates (the percentage of
specified procedures delivered in a single episode in which the patient is discharged
on the same day without an overnight stay). Those recently completed and currently
planned at the time of the research included: internal modernisation project for day
surgery; development of a generic day case and short stay surgery care pathway; work
on patient flows in previous day surgery ward; design, construction and activation of
the new dedicated DSU; development of new condition-specific care pathways; work
associated with a national NHS IT programme.

The new DSU was designed and constructed during 2006-7 and opened in August
2007. The DSU project was an alteration and refurbishment of available space within
the existing hospital building. Technically, the new DSU is a ‘dedicated day ward’
having no new operating theatres and using the main hospital theatres. The unit is
adjacent to the theatres however (the theatre suite also has a designated ‘day surgery
theatre’ although the remainder are allocated by specialty) and is designed to achieve
a ‘circular flow” model of care as envisioned by NHS design documentation (HBN 52:
NHS Estates, 1993). The DSU accommodated the following activities (as well as the
unit staff and necessary storage): reception and waiting; pre-operative preparation;
post-anaesthesia recovery; pre-discharge recovery; and discharge. It is significant that
the DSU project was an adaptation of available space. As such it represents a hybrid
solution typical of Trusts trying to achieve targets within the limits of budgetary and
other constraints.

A number of specific objectives for the DSU were outlined in the Full Business Case
(FBC) for the project. This paper concentrates on the first objective which was also
the only objective mentioned in the interviews with research participants. This was
“Achievement of national day case rates”. The FBC outlined that this was to be
measured as “Day case rate as a percentage of total elective surgical workload” via the
“Monthly trust performance report”. Other objectives were: quality of care; and
patient satisfaction and patient choice.

RESULTS AND ANALYSIS

Organisational changes

The organisational innovation most specifically relevant to the new DSU was the
development of a ‘care pathway’ for day case surgery. A care pathway is an, “outline
of anticipated care, placed in an appropriate timeframe, to help a patient with a
specific condition or set of symptoms move progressively through a clinical
experience to positive outcomes” (Middleton et al, 2001). Managers in the Trust
claimed that they had designed the new DSU around the newly implemented care
pathway. Introducing a care pathway is an organisational as well as a clinical
intervention and can, through the process of introduction, provide a problem-solving
approach for staff, encourage the integration of services, and help identify required
changes to clinical and organisational practices (Currie & Harvey, 2000). Some
researchers attribute the positive outcomes of care pathways to improved
multidisciplinary collaboration in the broadest sense and even to the simple fact of
multidisciplinary discussion and agreements about care in the early stages of pathway
development whether or not a formal pathway is subsequently designed and
implemented (e.g. Kent & Chalmers, 2006). Studies of pathway implementation in
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detail highlight challenges including problems of integrating and standardising
practice across disciplines, the difficulties of working and innovating across
boundaries and the desire to maintain ‘safe and political enclaves’ (Crump, 2002).

Physically the pathway developed at East Trust was a multi-page, printed-paper care
record and checklist. The pathway was generic in the sense that it was applicable to
any surgical procedure suitable for treatment on a short stay basis. As such it was
specific on the steps involved in the phases of pre-admission, admission, anaesthetic,
theatre management, recovery, discharge and follow-up with a blank space provided
for the details of the surgical procedure itself. This has meant that the content of the
pathway is medically uncontroversial and has had no effect on surgical practice. This
was explained in terms of budgetary constraints and the unacceptable cost of
producing procedure-specific documents. It is likely though that the difficulty of
standardising consultant work will have been a factor here too (see Crump, 2002). It
was championed and produced by a nurse matron in consultation and negotiation with
a variety of internal stakeholders.

Accounts of the rationale behind the introduction of the pathway and its development
stressed the administrative benefits. The pathway was described as achieving
outcomes in terms of collating and streamlining multiple paper forms preventing re-
work, lost information and error. It was not been presented as having contributed
significantly to either clinical or efficiency improvements and was not formally
evaluated as such. However it was believed to have contributed to a reduction in
process inefficiencies by ensuring that necessary actions have been performed, e.g.
ensuring that a day surgery patient has a carer scheduled to collect them from the DSU
before the end of the day. The development of the pathway was part of a wider service
improvement project with the aim of increasing the trust’s day surgery rates. As such,
the development process was described as a symbolic change management initiative
as much as a technical or administrative one.

Day surgery unit changes

The new DSU was an alteration and refurbishment project converting a large former
canteen area into patient reception, recovery and discharge areas. Although the DSU
was "designed around the care pathway" the care pathway as described above played a
surprisingly small part in the design and briefing of the DSU. Instead the DSU was
designed around the idea of a patient pathway with patient flows analysed from
scratch for the purpose of decision making about the unit. Practically, this took the
form of the surgery management team and surgical nurses mapping the existing
process in the previous unit by walking through the process as it was done.

Before the construction of the new DSU the day surgery team worked in a surgical
ward with a central nurse’s station and twelve trolleys (beds) arranged on two or four
bed bays. The ward was adjacent to normal surgical and medical wards and a
considerable distance from theatres. Patients were admitted to, transported on, and
returned to the same trolley and bed bay. Due to the distance from theatres, patients
were wheeled on trolleys down a number of corridors across the hospital site — this
was regarded as a process inefficiency and also problematic for the privacy and
dignity of the patient. The layout of the old day surgery ward was considered “static”.
The new DSU was designed as a series of distinct spaces including: main reception;
pre-operative waiting (including separate changing and consulting rooms); link
corridor (through which patients walked to theatres); post-operative recovery (a single
large space with fifteen trolleys); step-down recovery (furnished with reclining
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chairs); and post-discharge waiting area where patients could wait for their
escorts/carers to arrive. The layout of the new DSU was designed to encourage “flow”
with patients entering the unit them progressing broadly clockwise through stages and
spaces outlined above. The notion of step-down recovery was a small but significant
innovation intended to free-up trolleys in the recovery areas and increase utilisation of
the unit.

The new DSU was designed and constructed during 2006-7 and opened in August
2007. Almost immediately, the pre-op waiting area and the consulting rooms ran into
capacity problems resulting in patients being routed ‘against’ the intended flow — by
using the final waiting area as spill over pre-op waiting and by doing pre-operative
checks on the recovery bay trolleys. This event was surprising (Timmermans &
Tavory, 2012) when set against the logic of construction project delivery which
emphasises well-controlled project delivery to meet client requirements (Tuuli et al
(2010). This event could be taken as evidence of a 'failure’ of the construction process
but it is perhaps more fruitful to interpret it as an illustration of the interconnectedness
of built environment and organisational arrangements and changes. In this case
patients were batched into morning and afternoon theatre lists, meaning that a surge of
between twenty and thirty patients would arrive each morning at 7.30 to be processed
and accommodated in a space that couldn’t accommodate them. Batching, queuing
and buffering in healthcare buildings and processes has been identified as both
common and wasteful (Esian & Rich, 2005) although it is often intended to
maximising use of scarce and expensive resources in the system. Using the recovery
bay trolleys for pre-operative checks was also organisationally significant as it
maintained the previous working methods of some consultant surgeons who were used
to having their patients for the day ‘lined up’ in adjacent beds rather than having to
call them individually to a separate consulting room. The DSU was a nurse-led unit in
both deign and operation and the capacity problems encountered in the early days of
the DSU made it more difficult to maintain the intended change in the care model.

Effect on West Trust day-case rate

The performance of East Trust against its target of achieving 75% of National Audit
Office ‘basket’ of procedures as day cases) is shown in figure 1.
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Figure 1: East Trust day case rates (as % of National Audit Office ‘basket’ of procedures)

Analysis of the Trust’s performance against this indicator between 2004 and 2009
showed an improvement from a low of 48% to a high of 75% in July 2008 then
settling to just over 70%. According to these figures, the DSU itself produced only a
small gain in performance relative to target and failed to deliver its predicted benefit.
Various mechanisms by which the DSU was intended to deliver the required
performance were offered during the case study. The most technical concept was that
the design of the unit and the introduction of “flow” into the process would accelerate
throughput allowing more cases to be managed as day cases. This assumption was not
measured directly as part of the research but there was little evidence that this was
happening during observations.

Some problems with capacity and routing in the unit have already been discussed. A
further issue was that the step-down recovery area was not used as designed as, being
in a separate space to the main recovery area, nurses were unable to observe patients
in the recliners so were reluctant to lose clinical control of patients that they had not
discharged. This can be interpreted as a design error or compromise — failing to ensure
sight-lines to the step-down recovery area: but also as a building change not achieving
its desired effect because of the absence of a corresponding organisational change in
terms of the nursing model for the unit. Also, the fact that the DSU did not have it’s
own operating theatres meant that it’s workflow was dictated by the operating teams
who would ‘pull’ patients from the DSU when they were ready for them (and often
day surgery cases, being simpler, were undertaken at the end of theatre session after
more complex procedures). Other mechanisms by which the DSU was expected to
have an effect was through it’s role in persuading reluctant consultants to perform
procedures as day cases whether through reassurance that patients would be closer to
the hospital core, the prestige of working out of a new unit or, simply, by removing
what some managers saw as the “last excuse”, namely that “we haven’t got a day
surgery unit”. The Trust’s financial commitment to the DSU was also used by
managers as evidence of the seriousness of the day surgery target.
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These mechanisms are a reminder that the DSU project was itself part of a wider
initiative to increase day case rates. Figure 1 also includes some major events in the
history of the DSU project as well as other day surgery related work within the Trust
and suggests a number of sources of conjecture about the nature of the interactions
between infrastructure projects and ‘business’ outcomes. In this case, before and
during the business case process for the new unit a number of other initiatives had
taken place (appointment of a clinical director for day surgery, development of the
care pathway for day surgery, various procedure-specific changes). This activity
coincided with the highest increase in day surgery rates . This correlation leads us to
speculate whether the time, effort and extra activity necessary to develop and gain
approval for a capital project may deliver a significant proportion of the potential
improvements even before work has started on-site so that by the time the building
work is done there is little scope for improvements attributable to the new
infrastructure. In any change programme, initial improvements are easier to achieve as
gross inefficiencies are addressed — subsequent improvements, often requiring wider
changes, are likely to be more difficult. This has challenging implications for those
seeking to demonstrate the benefit of built environment changes. More optimistically,
it points to the important theoretical need to avoid splitting ‘technical’ and
‘organisational’ aspects of change programmes when assessing impact. In this case,
although the data suggests that the activation of the physical infrastructure had a small
marginal impact, the development of the unit can be seen as an integral part of the
overall programme of activity that may have ‘failed’ without the existence of the
capital project to provide a focus for apparently ‘non-technical’ activities.

DISCUSSION AND CONCLUSIONS

The research presented here has highlighted a number of linkages between buildings,
organisations, people and projects. The first thing to note is the small apparent
performance effect of the new DSU. In this illustrative case study it is not possible to
establish this effect as a general empirical finding but the longitudinal nature of the
data makes it strongly suggestive and a potential effect worthy of further study. An
implication of this finding is that construction project benefits are gained, at least in
part, via developing rather than delivering the project as found by Kent & Chalmers
(2006) for organisational changes. An alternative explanation that would be important
to consider is the possibility that the organisational effects of the built environment
simply are small. Bechtel (1997) reminds us that “any normal physical aspect of the
workplace is of marginal utility” and “[to] keep the physical environment in proper
perspective” (p395).

Another feature of the data is the building project's role as a ‘tangible’ form of
legitimisation of, and way of securing management and budgetary authority for,
contested behaviour change. Thinking of the building and the building project in this
way challenges the finding that the built environment has only a small effect on
organisational change - rather, the wider construction and change project can be seen
to be implicated in any effect. It could be that building projects represent a special
case and opportunity for organisational change. It is recognised that greenfield sites in
manufacturing represent and opportunity to introduce changes to working methods
and organisation that would be too challenging to achieve in existing settings (Preece,
1993). Bragato & Jacobs (2003) describe pathways changes in healthcare that were
would have not been possible if not attempted in a stand-alone unit. This possibility
requires a wider sociotechnical (Clegg, 2000) view of projects that has significant
implications for construction professionals and their engagement with their clients and
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points to the need for active organisational change efforts alongside apparently merely
physical built environment changes (Cherns & Bryant, 1984; Boyd & Chinyio, 2006).
Even this partial report of a simple case study shows complex mutual interactions
between built-environment, organisation and people as the project unfolds and as the
building is used. This is an established principle in architectural theory (Brand, 1994)
but the built environment is often elided from accounts of organisational change (e.g.
McNulty & Ferlie, 2002).

The findings also point to a difficulty in applying evidence-based design insofar as the
evidence-base is limited to narrow aspects of the physical built environment and the
steady-state effect on users of the final building configuration. The rhetorical and
evidential weight of the approach risks moving practices still further from the broader
sociotechnical considerations that also take into account the effects of implementation
practices. A promising mechanism with which to redress the balance might be through
an extension to various approaches in value management (VM). Rather than seeing
the construction process and its products as too complex and impractical to apply VM
(Ellis et al, 2005) consideration of complexity would allow a high-level approach to
functional analysis (Spaulding et al, 2005) in which the required abstraction and the
emphasis on function/outcome would be supported. The broader project boundary
implied suggests that VM could be applied to this wider project definition, perhaps
through the application of 'soft' VM (Green & Liu, 2007) that might be better suited to
developing a socially negotiated understanding between multiple stakeholders with
differing viewpoints and interests.
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Nine out of ten infrastructure projects exceed their initial cost estimates. Accuracy of
construction cost estimates remains a contentious area of debate within both academia
and industry. Explanations for this have ranged from scope changes, risk and
uncertainty, optimism bias, technical and managerial difficulties, suspicions of
corruption, lying and insufficient required information for accurate estimation. The
capacity for tolerance and imprecise knowledge representation of fuzzy set theory is
combined with the learning and generalising capabilities of neural networks to
develop neuro-fuzzy hybrid cost models in this paper to predict likely final cost of
water infrastructure projects. The will help to increase reliability, flexibility and
accuracy of initial cost estimates. Neural networks is first used to develop relative
numerical weightings of cost predictors extracted from primary data collected on 98
completed projects. These were then standardised into fuzzy sets to establish a
consistent framework for combining the effect of each variable on the overall final
cost. A three-point fuzzy lower, upper and mean estimate of likely final cost is
generated to provide a tolerance range for final cost rather than the traditional single
point estimate. The performance of the final models ranged from 3.3%
underestimation to 1.6 % overestimation. The best models however averaged an error
of 0.6% underestimation and 0.8% overestimation of final cost of the project. The
results are now being extended to a larger database of about 4500 projects in
collaboration with an industry partner.

Keywords: artificial neural network, cost estimation, cost modelling, cost overrun,
fuzzy set theory.

INTRODUCTION

Infrastructure projects have an 86% likelihood of exceeding the initial cost estimates
and 9 out of 10 of them exceed their budgets (Flyvbjerg et al. 2002). A key example
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is the case of the stadiums built for the 2010 FIFA World Cup games in South Africa.
With overruns ranging between 5 to 94% of original cost, none of the 10 stadiums
were completed within budget (Baloyi and Bekker 2011). There is overwhelming
evidence in literature, and practice, which support the conclusion that cost overrun is
endemic within the construction industry, irrespective of size, type, sector or
geographical location of the project (see Jackson 2002; Flyvbjerg et al. 2004; Odeck
2004; Baloyi and Bekker 2011). Cost remains arguably one of the most important key
performance indicators on most projects (Chan and Chan 2004; Yeung et al. 2008) so
that statistics, such as the ones above, leaves most clients grossly dissatisfied, giving
the industry a poor reputation regarding budget reliability (Agyakwa-Baah 2009).

Despite its importance, cost estimation is undeniably not simple, nor straightforward,
largely due to the dearth of information required for detailed estimation. It is even
made worse by the cloud of uncertainty that shrouds cost drivers in the early stages of
the project (Hegazy 2002) and the changes that occur in scope and design of the
project once construction actually begins (Love et al. 2011; Gil and Lundrigan 2012).
It is an inexact science and estimators have to make decisions within an environment
of uncertainty. Moreover, even though it is accepted that factors such as tendering
method, type of client, location of project, procurement method, size of project etc.
have an effect on final cost of a project, it is difficult to establish their measured
financial impact (Ahiaga-Dagbui and Smith 2012). This complex web of cost
influencing variables would make it seem that the decision-to-build, for most projects,
is based on a somewhat unrealistic cost estimate that will inevitably be exceeded.

Against this backdrop, debates have not waned on causes and measures of cost
overruns. A recent discussion on the Construction Network of Building Researchers
(CNBR) left a number of unresolved questions. How accurate can estimates be? Is
there an acceptable way to compare final cost of project to cost estimates? What is the
most acceptable measure of cost performance on a construction project? Is it even
possible to achieve certainty of cost estimates, when the very estimates are made in an
environment of uncertainty? (see the Nov 2012 CNBR archive online).While the
answers to these can be varied; even sometimes strongly opposing; it is difficult to
disagree that clients and project financiers still require some form of reasonably
accurate estimate of their likely financial commitment for a project before the project
begins.

In this paper, the authors attempt to model the final cost of water infrastructure
projects using gathered cost data and other project details such as location,
procurement method, size of project, type of client, etc of 98 water infrastructure
projects. This paper, a sequel to a previous that uses only neural networks for
modelling final cost (see Ahiaga-Dagbui and Smith 2012) employs Neuro-Fuzzy (NF)
hybrid models - a combination of neural networks and fuzzy set theory, drawing on
synergies from the two techniques in an attempt to develop more accurate, reliable and
consistent final cost models. The next section of the paper provides an overview of the
two modelling techniques used in the paper- neural networks and fuzzy set theory, and
then proceeds to develop a neuro-fuzzy cost estimation hybrid model before
concluding with results achieved and potential extensions of this research.

NEURAL NETWORKS

Work on artificial neural networks stemmed from the curiosity to understand how the
brain processes information. Haykin (1994) described the brain as a highly complex
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and parallel information processing system, capable of performing very complex
computations many times faster than many types of computer processors. Artificial
neural network (ANN) is thus just a simplistic abstraction of the biological neural
networks of the brain, endowed with the capability to learn from experience (or
examples) and then generalise for new cases using the acquired knowledge even
within sparse or incomplete data (Anderson 1995). They are able to adapt to changing
environments (or datasets) and are often referred to as universal approximators
because of their ability to closely map input to output spaces in different types of
problem domains (Fausett 1994). They essentially seek underlying relationships
between variables and are particularly suited for complex, hard-to-learn problems,
where no formal underlying theories or classical mathematical and traditional
procedures exist (Adeli 2001). Neural networks are very sophisticated modelling
techniques capable of modelling extremely complex functions. In particular, neural
networks are non-linear (Denton and Hung 1996). For many years linear modelling
(Regression), has been the commonly used technique in most modelling domains
since they have well-known optimization strategies. Where the linear approximation
was not valid, which was frequently the case (Boussabaine and Kirkham 2008), the
models suffered accordingly.

Arguably, the strongest argument against the use of ANN is its supposed ‘black-
boxness’(Olden and Jackson 2002)- it is difficult to extract knowledge from the neural
network model or fully understand how it reaches its conclusions. In regression, for
example, an equation with explainable physical properties is produced. This is not the
case in ANN modelling - no equation results out of the model and the network
weights and connections make little sense. How the inputs interact to produce the
output is at best, only known to the model. In a previous model using the same data,
only neural network is used to model final cost projects (Ahiaga-Dagbui and Smith
2012). In an attempt to illuminate the black-box of ANNS, the authors combine the
learning and generalisation abilities of neural networks with the capacity for tolerance
and imprecise knowledge representation of fuzzy set theory to develop a hybrid neuro-
fuzzy cost model for cost prediction.

FUZZY SET THEORY

Fuzzy set theory is an aspect of contemporary mathematics which focuses on the
ambiguities in describing events or classes. It is an attempt to formalise human
abilities of conversation, reasoning, and decision-making in an environment of
imprecision, uncertainty as well as conflicting and/or incomplete information (Zadeh
2008). It incorporates ‘matter of degree’ rather than crisp boundaries into decision
variables (Tokede and Wamuziri 2012). Fuzzy set theory allows an approximate
interpolation between observed inputs and output situations (Ross 2009) and provides
a means for modelling human vagueness in judgment. It basically requires encoding
certain decision parameters as fuzzy sets (Zadeh 2008).

The defining characteristic of a fuzzy set is embodied in its membership function
(MF). According to Kim et al. (2006), an MF provides an effective way to translate
subjective terms into mathematical measures. A variable in fuzzy logic could have a
set of values, characterised in linguistic terms, such as short, medium or long duration
of project, or poor, moderate and good ground conditions. MFs can be generated in a
number of ways either using intuition or some other algorithmic or logical operations
(see Ross (2009) on how to use genetic algorithm, neural networks, rank ordering or
inductive reasoning in developing MFs).
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Ross (2009) stipulates that fuzzy relations are analogous to classical mathematical
functions and basically represent mappings for sets. Fuzzy relations share the mapping
potentials exhibited by neural networks and hence provide a compatible interphase in
problem solving. Relations exhibit mathematical properties such as reflexivity,
transitivity and symmetry which ultimately helps in interpreting attributes in fuzzy
systems (Zadeh 1994). Chen and Huang (2007) used fuzzy relations in estimating the
possibility-of-meeting the completion time of a construction project.

Fuzzy relations could be also employed in establishing the strength and possible
association between different pairs. This can be achieved through the composition
operator - a mathematical operation that seeks to establish the relationship between
similar elements in different universe of discourse (Zimmermann 2001). Two
common variants of the composition operator are the max-product and max-min.
According to Zimmermann (2001), the most frequently used composition operator is
the max-min; though both procedures produce comparable results in many instances.
The max-min composition operation basically implements the strength of one chain as
equal to the strength of its weakest link; the maximum of this then represents the
overall chain strength in the fuzzy system (Ross 2009). Applications in civil
engineering and construction research have been reported in Ayyub (1997). For cost
and risk evaluation, fuzzy sets helps in quantification of variables, whose nature could
be considered as complex and fit for description within a range of options (Tokede
and Wamuziri 2012). An overview of fuzzy logic applications in construction
management is provided by Chan et al. (2009)

NEURO-FUZZY

Neural networks solves problems by identifying the underlying patterns between the
variables in the data it receives (Ross 2009) and then makes predictions based on the
knowledge acquired (Adya and Collopy 1998). They are powerful, easy to use
(StatSoft Inc. 2011) and can deal with large number of variables and non-linear
relationships (Denton and Hung 1996). Yet, they are limited by their ‘black-box’
nature (Patterson 1996; Olden and Jackson 2002). They also perform best when using
numerical or continuous data (StatSoft Inc. 2011). The majority of the data used in
this research happen to be categorical in nature - location, type of client, procurement
method, etc. Fuzzy sets represent composition of graded categories using mathematics
based on logical reasoning (Belohlavek et al. 2009). It attempts to formalise decision
making in an environment of uncertainty and incomplete information (Zadeh 2008),
the kind that aptly describes cost estimation of construction projects.

Tokede and Wamuziri (2012) suggest that fuzzy set theory may not function at its
optimal best as a stand-alone mathematical framework. Its practicality and utility is
enhanced by combining its logic with pre-existent mathematical formulations. NF
hybrid models thus have the potential to effectively represent modes of reasoning and
decision making that are approximate rather than exact (Zadeh 1994), the case of
construction cost estimation. Yu and Lin (2006) present an NF model for mining
information from incomplete construction databases whilst Bilgehan (2010) uses NF
models predict concrete compressive strength. Boussabaine (2001) similarly presents
NF models for modelling the likely duration of construction projects

MODEL DEVELOPMENT

The NF models reported in this paper have been developed in three main stages - the
first using statistical methods to pre-process the collected data, the second using
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neural networks to develop relative final cost weightings of predictors and lastly using
fuzzy sets to predict final cost. These stages are detailed below.

Stage One: Data and Data Pre-processing

Details on 98 water infrastructure projects completed in Scotland between 2007 and
2011were collected. The nature of the projects ranged from construction of water
mains, water treatment plants, Combined Sewer Overflows (CSOs), installation of
manholes or water pumps and upgrades and repairs to sewers. All the projects were
target cost contracts with values between £9,000-£14 million and durations from 1-22
months.

The collected data is processed so as to structure and present the data to the model in
the most suitable way. For this research, extreme values and outliers were either re-
coded or deleted from the sample set and missing values replaced with the mean or
mode. Input errors were corrected and all cost values were normalised to 2010 with
the base year 1995 using the infrastructure resources cost indices by the Building Cost
Information Services (BCIS 2012). Screening of variables to the smallest number is
desirable because simpler models are easier to deploy - a model with 15 variables
means information has to be known about all these variables before the model can be
used for prediction. Redundant predictors - variables that do not add new information
to the model because they basically contain the same information at another level with
other variables were detected using spearman ranking, bi-variate histograms or cross-
tabulation. Further variable screening using scree test, mean plots and optimal binning
in Statistica 10 software, suggested the optimal number of variables for predicting
final cost to be between 5-7 predictors.

Stage Two: Neural Network Modelling

The neural network stage of the model developed was to determine a consistent
numerical weighting for all the predictors depending on their relative contribution to
determining the final cost of the project. Ten initial predictors® were used as inputs in
a 3-layered feed-forward back-propagation neural network architecture with Final
Target Cost as output of the model. The 98 project cases were split in a 75:15:10%
ratio for training, testing and validation respectively. The best model was developed
through an iterative procedure of continually tweaking the neural network parameters
i.e. hidden nodes and activation functions, to produce improved model performance.
Model performance was measured using the correlation coefficient between predicted
and output values as well as the Sum of Squares (SOS) of errors below:

SOS = Z(TL — OL')Z Eqn 1

Where Oi is the prediction (network outputs)
Ti is the target (actual value) of the ith data case.

The ten best networks were retained and further tested using the validation set to
produce Figure 2. The validation set was not used in the training of the model so can
be considered as an independent verification of the model’s ability to generalise on
new data. This gave a quick indication of the average error level of each of the
models.

Z Initial list of predictors for the neural network model: Type of Soil, Site Access, Type of Location,
Contractor's Need for the Project, Frequency of Project, Type of Deadline, Awarded Target cost
(transformed as logTC), Type of project, Tendering Strategy, Duration (transformed as logD)
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Performance of ten best models
14% 12.27% 12.99% 13.03%

3.53%  2.85%
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Figure 2: Performance of the ten best models

2.14%
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A sensitivity analysis was then carried out using the three best validated models in
order to determine the contribution of each predictor to the model’s performance. This
was partly based on a test for parsimony using Ockham’s Razor principle - one should
not increase, beyond what is necessary, the number of entities required to explain
anything and that all things being equal, preference should be given to the simplest
hypothesis (Chase et al. 1996). This principle of simplicity is used to prune down the
number of variables required in the model to predict the final cost, thus reducing
inconsistencies, ambiguities and potential redundancies in the model. An initial
ranking of all the predictors was generated based on their contribution to the model’s
performance. Then starting from the least important, one predictor was removed from
the model at a time whilst measuring the performance of the model without that
predictor. This was done until the model showed no further improvement or began to
decay. The best set of predictors of final target cost after this stage are tendering
strategy, site access, location, type of project, contractor’s need for the project, type of
soil, as well as estimated initial cost and duration (the common log of these were used
in the model)

Table 1: Sensitivity analysis to determine relative ranking of predictors

Model logTC Tendering  Site Type of Project Contractor's Soil logD
Strategy ~ Access Location  Type Need Type

15. MLP 18-5-1 4.80 2.22 8.44 2.04 1.50 3.80 1.22  1.09

19. MLP 18-3-1 7.71 9.08 8.91 11.82 7.93 4.77 7.07 0.68

20. MLP 18-3-1 8.21 9.18 2.64 3.24 1.89 2.55 256 1.21

Average Weighting  6.90 6.83 6.66 5.70 3.77 3.71 3.61 0.99

Stage Three: Fuzzy Sets Modelling
Fuzzy set theory is applied at this stage of the modelling exercise to evaluate the
subjective measures for each of the cost predictors in order to predict final cost. Using

Y Normalized ranking = ZW—‘;A/:l Eqn. 2. 2, the average weighted

ranking for each of the variables from Table was normalized to unity in order to
generate a standardised index for the subsequent fuzzy set computations (see Table 4)

ZVL: 1 Eqn. 2

Where wi is the average relative weighting of the ith predictor
> W is the sum of relative weighting of all predictors

¥ Normalized ranking = —
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Table 4: Normalized weighted values of the cost predictors from the neural network analysis

Factors Tendering Site Type of Project | Contractor Soil Log
strategy Access Location Type Need Type Duration
Normalized
ranking ‘ 0.22 ‘ 0.21 ‘ 0.18 | 0.12 ‘ 0.12 ‘ 0.11 ‘ 0.04

With mean target cost to predictor plots, all predictors were fuzzified using the range
set below:

x = 5.8, Influence is Rather High
56 = x =58 Influence is High

54 = x =25.6 Influence is Medium

x <54, Influence is Low

The next stage of the fuzzy modelling involved developing membership functions. In
developing these, the tolerance index is particularly relevant in evaluating and
constraining the range of possibilities subject to a complex set of influencing
variables, quantitatively and/or qualitatively defined. The tolerance index is vital in
order to model the uncertainty in the cost values within a realistic continuum as
opposed to a single figure-of-merit. For this study, the tolerances, , were adapted to
follow those indicated by Ayyub (1997) and reported in the table below.

Table 5: Values of tolerance. Source: adapted from Ayyub (1997)

B 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Poor/Low 1.0 0.9 0.7 0.4 0 0 0 0 0 0 0
Median 0 0 0.4 0.7 0.9 1.0 0.9 0.7 0.4 0 0
High 0 0 0 0 0 0 0 0.4 0.7 0.9 0
Rather High 0 0 0 0 0 0.4 0.7 0.9 1.0 0.9 0.7

Each of the project variables in the validation set was converted into fuzzy set
variables using Table 5. According to Ross (2009), the fuzzy relation, T of two sets, R
and S can be defined by the set-theoretic and membership function-theoretic,
mathematically expressed as:

T=RoS Eqn. 3

Arz = Vy EY[ﬁR(x,y) A .aS(y,z)] Eqn. 4

In Eqn. 3 above, R is a fuzzy relation on the Cartesian space X X Y. S is a fuzzy
relation on Y x Z, and T is fuzzy relation on X x Z. In this cost estimation problem, R
represents the set of cost predictors and S refers to the set of standard values of
tolerance for linguistic descriptors of project attributes. The max-min composition
operator is employed to deduce the strength and degree of relationship between
specific relational pairs, which in this case, depicts the overall project cost as a fuzzy
relationship of the normalised cost predictor weightings in Table 4, and based on the
associated fuzzified project attributes deducible from Table 5.

The tolerance of each of the cost values in the validation set was computed, using
Eqgn.4 and defuzzified to obtain a 3-point estimate representing the fuzzy mean, fuzzy
upper and fuzzy lower values as shown in Table 6. These three values provided a range
of likely final cost rather than the customary single value estimate. Table 6 shows the
performance of the NF hybrid models in predicting the final cost of 10 different
projects used in the validation set. This is summarised in

Table 7 along with the average model performance of the neural network model only.
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The Fuzzy Upper best predicts the final cost and have the smallest percentage errors,
ranging from 0.6% average underestimation to 0.8% overestimation of the likely final
cost of the project. This represents an appreciable improvement in the results achieved
using the neural network models only, also shown in

Table 7. The best three models at the neural network stage averaged a 1.2% under-
estimation and 4.6% over-estimation of the actual final cost of the projects in the
validation dataset. These results show significant promise in using neuro-fuzzy hybrid
models to learn the underlying relationships between variables such as tendering
strategy, site access, project location, type of soil or type of project and final cost of
construction project.

Table 6: Neuro-fuzzy model validation results

Model Prediction (log)

Validation  Actual Final Fuzzy % error BIJ;;%/ % error E%;?r/ % error
Cases Cost (log)  Lower (FL)  (FL) (FM) (FM) (FU) (FU)
1 5.78 5.65 2.4% 5.68 1.8% 5.75 0.5%
2 6.90 6.75 2.2% 6.77 1.9% 6.86 0.7%
3 5.41 5.35 1.1% 5.39 0.5% 5.46 -0.9%
4 5.22 5.09 2.6% 5.12 1.9% 5.20 0.5%
5 6.51 6.38 2.0% 6.41 1.6% 6.48 0.4%
6 5.95 5.85 1.7% 5.87 1.4% 5.95 -0.1%
7 6.91 6.78 1.9% 6.80 1.6% 6.89 0.4%
8 4.67 4.58 1.8% 4.62 1.1% 4.69 -0.5%
9 5.00 4.97 0.6% 4.99 0.1% 5.07 -1.6%
10 4.49 4.34 3.3% 4.36 2.9% 4.45 0.9%
Table 7: Summary of results from neuro-fuzzy model validation
Summary of results
Neuro-fuzzy Neuro-fuzzy  Neuro-fuzzy Neural Network
Lower (FL) Mean (FM) Upper (FU) Only
Average % Under-estimation 2% 1.50% 0.60% 1.2%
Average % Over-estimation N/A N/A 0.80% 4.6%

As already stated, even though it is agreeable that these factors affect the final cost on
a project, it is difficult to assign cost measures to them as their relationship to cost are
not thoroughly understood. The neuro-fuzzy hybrid models are possibly a step in the
right direction in producing more accurate and realistic cost estimates at the initial
stages of a construction project in an attempt to alleviate the problem of cost overruns

CONCLUSION

The research reported in this paper combines the learning and generalisation
capabilities of artificial neural networks with fuzzy logic’s ability to formalise human
reasoning and decision making within an environment of uncertainty and incomplete
information to develop neuro-fuzzy hybrid cost models for predicting the final cost of
small water infrastructure projects. In particular, the research attempts to use some
non-traditional cost predictors such as site access, location, tendering strategy, project
and soil type to estimate likely final cost. The authors present a three-point range of
possible likely final cost outcomes instead of the classical single point estimate. This
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might allow estimators and clients to more accurately estimate likely contingency
needs for their projects. In their extended form, these models can readily be converted
into stand-alone desktop applications that can allow quick simulation of what-if
scenarios and also allow the easy generation of different cost estimates should project
parameters change. As a sequel to a previous paper that used only neural networks, the
results here show an improvement in the predictive performance and thus the results
are now being extended to a database of 4500 projects with an industry partner.
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Housing delivery and infrastructure development are fundamental necessities for
economic growth of any nation. However, the provision of these essential services on
the required scale to meet demand remains problematic for most countries and
governments worldwide. Lack of adequate supply of housing and infrastructure
project finance has been identified as a major obstacle to such development. Previous
studies and available literature have also highlighted that existing conventional
finance and banking structures are unlikely to provide adequate funding streams
necessary to address the acute shortage of housing and infrastructure particularly in
developing countries. This paper evaluates the potential of Islamic financing products
and services to contribute to housing and infrastructure finance. Firstly, a review of
the principle features of Islamic financing products is provided. Secondly, the interest
based conventional banking is compared with the Non-interest based Islamic finance
which is currently gaining ground in many countries including the United States and
the United Kingdom. Case studies of some Islamic banking products that have shaped
the infrastructure landscape are provided. This study further evaluates and analyses
the concept of cost of capital for Islamic finance models and products, and compares
and contrasts it with conventional bank lending systems. The study finds that
considerable potential exists for the construction industry worldwide to benefit from
Islamic Finance which possesses business partnership characteristics that entail risks
and reward sharing as opposed to the interest based conventional finance and banking
systems. Furthermore, Islamic finance products are found suitable for housing and the
construction industry. As a consequence, it is recommended, that individuals, clients,
contractors, and business leaders should take a serious look at these products for their
project and corporate finance needs for housing and infrastructure development.

Keywords: conventional banking, housing delivery, infrastructure development,
Islamic finance, non-interest finance, risk sharing

INTRODUCTION

Housing delivery and infrastructure development at the optimal level contributes
immensely to economic growth and development of any nation. The function of
infrastructure as a major determinant for economic advancement, particularly in

developing countries has been widely acknowledged in literature (Calderon and

Serven, 2003; Estache, 2006; Sahoo and Dash, 2009). Direct investments in
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infrastructure enhance housing delivery, increase production facilities, reduce trade
and transactional costs, improve competitiveness, create employment opportunities
and as such stimulate economic activities (Sahoo, Dash and Nataraj, 2010). However,
housing delivery and infrastructure development on the required scale remains a
daunting challenge for most countries and governments worldwide. The inadequacy of
construction project finance has been identified as a major impediment to the delivery
and development of these fundamental necessities. This is not unexpected in this
period of the credit crunch and capital flight by lenders and investors. In such periods,
investors will seek investment assets with potentially higher yield and low risk.
Previous studies and the available literature underscore the fact that the existing
infrastructure development finance structure through government budgets and
conventional banking and finance systems are unlikely to supply adequate funding
streams necessary to tackle the acute shortage of housing and infrastructure,
particularly in developing countries. Many authors have also established that the
current (one sided liability) interest based conventional banking system is
fundamentally unstable (Friedman, 1969 and Simons 1948); this view was buttressed
by the most recent economic downturn. Moreover the previous financial crises such as
the German hyperinflation of the 1920's; Europe's oil shock inflation of the 1970's; the
Argentina, East Asia and Russian defaults; Japanese banking crises; Enron bankruptcy
and so on may suggest that there are inherent flaws in the interest based conventional
finance system. However, it could be argued, that it is not the conventional banking
system per se that is flawed, but the people operating the system who fail to adopt best
practice and ethical values for business sustainability.

Islamic finance has been vindicated by its advocates in that it avoided much of the
recent financial crisis not only because of its prohibition on speculations and
uncertainties, but also for its emphasis on risk and profit sharing. This gives credibility
to the Islamic finance model due to its characteristics which are different from
conventional models. There is nothing to suggest that Islamic finance is flawless or
devoid of risks. Indeed, Islamic financing institutions undertake risk evaluation and
profitability analysis before taking any project funding decision in order to provide
investors with some degree of certainty over their investments.

This paper evaluates the potential contribution that Islamic financing products can
make to improve housing and infrastructure delivery. The principle features of Islamic
finance products are reviewed and compared with those offered in conventional
banking. Case studies of major projects where Islamic financing techniques have been
utilised are analysed. Furthermore, the concept of the cost of capital for non-interest
based Islamic finance models and products is evaluated and compared with the
conventional finance system.

RESEARCH AIMS, OBJECTIVES AND METHODS

This paper reports a study in its preliminary stages investigating non-interest based
Islamic banking and financing products as a viable source of funding for housing and
development of major infrastructure projects such as power stations, water supply and
sanitation, etc. The objectives of the study are these:
e To analyse the principal features of key financial products in Islamic project
finance.
e To develop standardised models of genuine financial products and financial
engineering in Islamic project finance.
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e To evaluate and identify best practice in risk assessment and management
approaches used by Islamic financial institutions for development of housing
and major infrastructure projects.

e To develop standardised best practice models and approaches that combine
conventional and shariah-compliant sources of finance in major projects.

A mixed methods approach will be adopted in this study to collect and analyse data
and views of all key stakeholders in Islamic project financed infrastructure. Both
primary and secondary data will be utilised. Interviews and focus groups will be used
to gather primary data. Sources of secondary data will include existing literature and
the Islamic Development Bank database. Case studies of past infrastructure projects
involving Islamic financing techniques will be analysed to draw important lessons for
the future.

ISLAMIC BANKING AND FINANCE

Islamic banking refers to a banking system that functions on the principles of the
Shari‘ah (Islamic jurisprudence) and its practical application through the development
of Islamic economics. Although the Islamic finance concept can be traced back to
about 1,400 years, its recent growth can simply be dated to the 1970s when Saudi
Arabia and the United Arab Emirates launched Islamic banks. It is now estimated that
worldwide, around US $1 trillion of assets are managed under the Islamic finance
system. Shari‘ah principles emphasises moral and ethical values in all dealings and
prohibits both the acceptance and payment of interest charges (riba) for lending and
borrowing of money. Due to the prohibition on interest based investments, Islamic
banks are compelled to earn their income through profit sharing partnership or fee
based investments. Business partnership subsists between participants in Islamic
banking transactions as risks and profits are jointly borne by all parties. The products
and Islamic financial mechanisms are equity-oriented which are based on a variety of
profit and loss sharing formulas (Imady & Seibel, 2006). The code of conduct that
guides the operations of Islamic banking and finance is derived from two religious
sources; (i) the Shariah which comprises the Qur’an (Islam Holy Book) and the
Hadith (i.e. the sayings and deeds of Prophet Mohammed (PBUH) and (ii) the Figh,
which represents Islamic jurisprudence based on a body of laws deducted from the
Shariah by Islamic scholars, established to create an equitable system of distributive
justice and also to promote legitimate activities (halal).

The main principles of Islamic finance dictate that:
e Profits must be generated through lawful trade and asset-based investments.
e Investments must possess social and ethical benefits to the wider society
beyond pure profit making motives.
e Risks and rewards should be shared in an agreed manner.
e All unlawful and harmful activities (haram) should be avoided.

Islamic finance system prohibits business activities involving; alcohol, firearms,
tobacco, prostitution, pork products, speculation, betting, and gambling, debt
financing without an underlying asset backing, avoidable risks (gharar) and all other
trade and activities that provide goods or services considered contrary to its principles.
The Islamic banking has same objectives as its conventional counterpart except that it
operates in accordance with the rules of Shari’ah, known as Figh al-Muamalat
(Islamic rules on transactions). Islamic finance principles disapproves of investments
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made just for constant returns on investments without adequate consideration as to the
nature of the venture on which the funds are invested. Many of these principles upon
which Islamic banking is based are moral norms universally accepted all over the
world for centuries.

PRINCIPLE FEATURES OF ISLAMIC FINANCE PRODUCTS

There are five principle features of Islamic banking. Its financial products and
instruments must be - (i) interest free, (ii) trade related and demonstrate genuine need
for funds (iii) performance related and equity oriented (iv) Non exploitative; no usury
(v) ethically guided.

Islamic banks use a variety of transactions and financing methods to provide the
required finance that meets their clients' needs. The most common are the Shari’ah-
compliant bonds (Sukuk) under which no interest is paid; rather, the returns on
investments are generated through physical economic activities by utilising or leasing
the underlying assets. The project finance sector, particularly in the Middle East most
often employ the Istisna’a-ljarah structure, which is sometimes generally referred to as
the “procurement structure" and the Wakala-ljarah structure. It is worthwhile to
provide a synopsis of some of these Islamic financial instruments and products with
their application in project financing:

Al-ljarah (Leasing)

This is the Islamic equivalent of a lease and an amalgam between the operational lease
and the finance lease. The bank purchases and leases out assets required by their
clients for a rental fee with the option to either purchase such assets during the period
of rent or at the tail end of the contract. It provides the guarantee of regular payments
all through the life of the financing with the flexibility of structuring the payment plan
in a manner that makes it possible for Islamic financiers to accomplish a profit margin
similar to that of conventional financiers. This is the most efficient and flexible way to
facilitate high cost assets and technology related products. Ownership of the asset
remains with the lessor bank, which will seek to recover the capital cost of the asset
plus a profit margin from the lease or rents payable. ljarah method is widely used for
long-term projects like Independent Power Projects (IPPs) and Independent Water &
Power Projects (IWPPs). These projects are in two distinctive phases (i) the
construction phase and (ii) the operations phase. In reality a different method to suit
the specific character of each phase is usually employed. For example, Ijara method is
used as it is well suited, for the operations phase, while Istisna tend to suit and
therefore used for the construction phase. Under Islamic finance, it is essential to
finalise the contract arrangements for both phases before financial close, ljarah is
therefore structured as a forward leasing arrangement, known as ljara Mawsufah Fi Al
Dhimmah.

Al-Istisna’a

An Istisna‘a is a sale contract where one party agrees to manufacture a particular asset
to an agreed specification, to be delivered at an agreed time for an agreed price. Under
Istisna‘a finance arrangements for construction projects, the bank signs an agreement
to undertake the construction project jointly with the client and transfers the same to
the client. The traditional Istisna'a contract is designed in a manner that the financier
(Bank) signs two different contracts, one with the client and the other with the
construction company in charge of the project. The bank pays the construction
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company by instalments based on the level of completion. The price of the asset and
the date of delivery are established at the outset. While the liability for the bank to pay
the instalments and the liability of the developer to deliver the assets is deferred to the
future but specific dates. Although traditional Istisna'a contracts have been
successfully used for infrastructure projects, the extra burden placed on the banks to
enter into a construction contract directly with the contractor basically increases the
risk profile of project financing for the Islamic banks. By entering into a direct
contractual relationship with the contractor, Islamic financiers shoulder additional
risks in form of construction, credit and performance risk of the contractor. To
mitigate these risks, Islamic financiers are moving away from the traditional Istisna‘a
towards a slightly modified version (Istisna'a with a recognised right to sub-contract)
and procurement variant techniques. Most projects are now financed under a parallel
structure where the client agrees under the istisna'a contract, to procure the
manufacture, delivery and construction of the relevant asset from the manufacturer.

Istisna’a-ljarah

The procurement variant is an Istisna'a-1jarah contract structure. The istisna‘a contract
is applied to the construction phase, while operations phase is done under the ljarah
contract. In order to mitigate the significant (construction, credit and performance risk
of contractors) exposure of the Islamic financiers, the borrower enters into an Istisna‘a
contract to procure the manufacture, delivery and construction of the relevant asset
from the manufacturer. Concurrently, the borrower also undertakes a construction
contract with the contractor wherein a pass over of the Istisna‘'a contract terms and
condition is incorporated allowing the contractor to subcontract the project, thereby
spreading the risk between the Islamic financiers, the borrower and the contractor. The
project financiers release payments by instalments based on certified level of
completion and on an agreed timescale. On completion of the construction phase of
the project, the ljarah contract comes into effect when the completed project is leased
out by the Islamic financier (lessor) to the borrower (lessee). Under the ljarah
contract, legal and beneficial ownership of the asset remains with the lessor bank.
However, a transfer clause is usually included in the Ijarah contract whereby the
Islamic financier (lessor) agrees to transfer the leased asset to the borrower (lessee),
either during the term of the lease or at the tail end of the lease period. This is in many
ways similar to the conventional equipment lease but certain responsibilities such as
care and maintenance of the assets as well as the insurance obligation are usually
performed by the borrower (lessee) on behalf of the Islamic Financier (lessor).

Despite the fact that the Istisna-ljara Mawsufah Fi Al Dhimmah is mostly used in
IWPPs in the Middle East, the Shariah boards of some banks in some countries,
particularly Saudi Arabia do not seem to favour this technique. The importance of
avoiding unnecessary complexity in the contractual structures to eradicate the element
of avoidable risks is stressed by Shariah Scholars. According to some of these
scholars, the combination of Istisna and ljara is unacceptable as it amounts more or
less to two contracts in one; the two contracts seem to be mutually dependent and
interconnected .An alternative structure called Wakala-ljara Mawsufah Fi Al
Dhimmabh is employed by some Islamic financiers so as to overcome this controversy.

Wakala — ljarah

The alternative type of contract but similar to the Istisna'a -ljara and frequently used in
project financing involving Islamic tranche is referred to as Wakala-1jarah Mawsufah
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Fi Al Dhimmabh structure or “Wakala-Ijara structure”. In this contract arrangement,
the borrower is engaged as an agent or "Wakil" to the Islamic financier under an
agency agreement referred to as Wakala agreement. But for the agency agreement
where the connection between the financier and the borrower is a principal to agent
contractual relationship, the Wakala - ljarah agreement functions more or less in the
same way as the Istisna'a-1jarah contract. Both types of procurement contracts apply
the ljarah agreement at the operations phase. The design, engineering, construction,
testing, commissioning and delivery of the asset specified in the Wakala-ljarah
agreement are procured by the borrower in the capacity of an agent to the Islamic
financier. Although the same rights and obligations in respect of asset transfer exist in
both techniques, unlike the Istisna'a-1jarah, the Wakala-1jarah does not incorporate
separate purchase and sale agreements. The Wakala-ljarah arrangements seem to be
widely accepted in Saudi Arabia and all IWPPs in that country have used this
technique.

Al-Mudarabah

This Islamic finance product is basically similar to equity finance; it is a profit
partnership agreement between the bank and the client, whereby the bank supplies
total funding, while the client invests and manages the capital using their expertise in
return for a percentage of the profits — provided there are no losses. Profits are shared
as specified in the finance agreement; however, there is no guarantee that profits will
be made, neither is it certain that the capital will be recovered. Mudarabah as an
Islamic Finance product promotes good administration and concrete business
arrangements. In practice, the Islamic banks act as investment managers on behalf of
investors or customers who deposit funds with the bank.

Al-Murabahah

Murabahah is a purchase and resale agreement best known as a sale-based instrument.
It is a cost plus contract; instead of a loan agreement, the bank purchases the required
asset for which the loan would have been provided from a third party and re-sells it at
a predetermined higher price (Cost plus profit) to the party that requires the property.
By paying this higher price over several instalments, the capital user has effectively
obtained credit by paying a premium as opposed to interest.

CONVENTIONAL VS ISLAMIC BANKING

Economic development and growth of any nation requires an efficient banking and
financial system. In reality, successful implementation of monetary policies, which are
utilised by governments to control and manage numerous macroeconomic factors, are
facilitated by flexible and accessible financial systems. The overall strength and
stability of an economy is largely determined by the prevailing banking system which
constitutes a key component of the financial system. All the economic units of a
country are connected together by the banking and financial systems, hence any
uncertainties, instability, and lack of confidence within the banking system has severe
implications on the economic situation of that country. In essence, banking systems
direct financial transactions, operate as the financial intermediary and help in wealth
creation (Akkizidis and Khandelwal, 2008).

For several decades, conventional banks have acted as financial intermediaries. Most
of the income generated by these banks is principally interest based. According to
Khan and Porzio (2010), Christian churches had already condemned Usury (any form
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of interest claimed on a loan), prior to the time Prophet Mohammed rose to defend
debtors against the voracious demands of their lenders. Therefore, it can be argued
that both Christianity and Islam condemn or prohibit interest. Questions have been
raised by Islamic scholars on the necessity and validity of interest in the process of
financial intermediation. Islamic finance systems consider interest as a form of
exploitation since it is charged on money without added value. In its quest to offer
sustainable and justifiable distribution of wealth and income, Islamic finance has
endeavoured to develop alternatives to the conventional financing system.

INFRASTRUCTURE PROJECTS FUNDED WITH ISLAMIC
FINANCE PRODUCTS IN THE MIDDLE EAST

More power projects are now required in the Middle East due to economic growth in
the region. Funding for such projects in the past was through conventional means;
however the use of Islamic finance is now on the increase. All power projects in the
Gulf Cooperation Council (GCC) may be financed in the near future under Islamic
laws through the use of Sharia’n Compliant financing products. The Islamic financing
of power in the region is expected to be given a boost for many reasons. First, the
Power project sponsors in the GCC countries are keen to enhance the status of
Independent Power Projects (IPPs) and the Independent Water & Power Projects
(IWPPs) among the Islamic investors and wish to achieve this objective by utilising
Shariah compliant financing products. Secondly, the risk enthusiasm of Islamic banks
is growing and thirdly, the governments of GCC nations are encouraging Islamic
banking in the region. Almost all the recently launched IPP/IWPP schemes by the
GCC to open the sector to private investments were successfully backed by Islamic
project finance.

For example, the Ma’aden Phosphate company’s mining project in Saudi Arabia
worth about $5.50 billion includes the construction of power and desalination plants.
The project involved 2 Islamic tranches totalling US$1.8 billion and one of the largest
Islamic project financing to date. The Istisna-ljara Mawsufah Fi Al Dhimmah and
Wakala-ljara Mawsufah Fi Al Dhimmah structures were utilised. The Al Waha
Petrochemical project totalling US$526.55 million financing of a private
petrochemical project in the Kingdom of Saudi Arabia was the first project financing
in the Middle East. It was wholly executed with Islamic finance. Another recent
project in the IWPP sector is the Al Dur project in Bahrain in 2009.

Case Study: Al Dur Independent Water & Power Project (IWPP)

In 2009, the contract to construct the 218 000 m3/day water desalination and 1234
MW power project in Bahrain was won by a consortium comprising GDF Suez of
France and Gulf Investment Corporation of Kuwait. The cost of the construction
project was estimated at US $2.1 billion. The first unit was expected to commence in
July 2010 and to attain full operation capacity by July 2011. The project funding was
from debt and equity in the ratio of 75:25 with the Power and Water Project
Agreement (PWPA) tenure of 25years.The $1.7billion fund for the project was
achieved from multiple sources which includes; Islamic financing, export credit
agencies and commercial financing. This was the first Independent Water & Power
Project transaction with multiple Islamic tranches. The Islamic financing worth $300
million consists of Istisna-ljara Mawsufah Fi Al Dhimmah and Wakala- ljara
Mawsufah Fi Al Dhimmah. The financial deal for the project was achieved and
successfully closed in July 2009 within an adverse market condition. Since long-term
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liquidity was not available, the project was only able to settle for eight year tenure and
a balloon of 80 per cent for the Islamic and commercial tranches. The financing
structure was referred to as "mini-perm". The main documents for the Istisna-ljara
Mawsufah Fi Al Dhimmah tranche are the Istisna agreement, the forward lease
agreement and the service agency agreement. While the documents for the Wakala-
ljara Mawsufah Fi Al Dhimmah tranche were the Wakala agreement, the forward
lease agreement and the service agency agreement respectively. In the forward lease
agreement, the actual lease commenced only from the date the assets were delivered
and the passing of the assets title to the Islamic banks (PEI 2010).

Case Study: Shuaibah- Power and desalination Project: Independent Water &
Power Project (IWPP)

In July 2004, the international competitive bidding process for the 900 MW net oil-
fired steam power plant and an associated 880 000 m3 desalination plant was
launched by SWEC (Saudi Water & Electricity Company). A Saudi-Malaysian
consortium comprising of: ACWA Power Projects of Saudi Arabia and Tenaga
Nasional Berhad, Malakoff Berhad and Khazanah Berhad of Malaysia was selected in
June 2005, as the highest ranked bidder to Build, Own and Operate (BOT) the
Shuaibah IWPP. In August 2005, the Saudi cabinet approved the formation of the
Shuaibah Water & Electricity Company (SWEC); the project company. SWEC
awarded the consortium of Siemens Power Generation and Doosan Heavy Industries
and Construction Co the contract for the turnkey Engineering, Procurement and
Construction (EPC) of this steam power plant with associated desalination facility to
be located in Shuaibah. Siemens was the lead member of this consortium.

The Power and Water Purchase Agreement (PWPA) was signed in Riyadh Saudi
Arabia on 15th November 2005. The financial deal for the project was achieved and
closed in January 2006. The total project costs of $2.5 billion was funded by a multi-
tranche financing involving 23 banks on a debt to equity ratio of 80:20 comprising;
Islamic financing of $210 million, $455 million from Export-Import Bank of Korea
(“K-Exim”), commercial facilities of $875 million, and export credit financing of
$400 million from Hermes while the balance was raised from funds internally
generated from the project and equity bridge loan of approximately $500 million. In
addition, the financing also included $72 million of standby commercial debt and $18
million of standby equity bridge loan to cover any cost overruns. Off-take risks were
addressed by signing the Power and Water purchase agreement before financial
closure with a grid company. The tenure of the concession is 20 years and the Islamic
financing product used was the ljara Mawsufah Fi Al Dhimmah (PEI 2006.)

THE CONCEPT OF COST OF CAPITAL

Capital invested in a company or a project could be derived from different sources
such as equity shares, preference shares, Islamic financing or debt. Every capital
funding is acquired at a cost; however, the cost of capital varies depending on the
source. Cost of capital can be defined as the cost of acquiring funds which is equal to
the average rate of return expected by an investor for providing the funds. The cost of
capital is the minimum expected rate of return that a project must earn to breakeven.
Cost of capital is usually expressed in percentages with appropriate allowance made
for tax purposes in order to get a correct picture for the cost of capital. Islamic finance
is based on core principles of justice, equity and welfare with the aim of providing
socio-economic justice and equitable distribution of income and wealth (Hassan,
2009). Debt servicing requirement under Islamic finance is connected to the
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performance of the underlying project to be financed. Whereas, under the
conventional banking system, there are two major characteristics that affect the value
of money, namely time and investment decisions made by investors most often
without due consideration to the ethical and moral elements of the investment. Time
dimension to the value of money is a widely accepted phenomenon in conventional
banking which is calculated practically as the interest earned on a given amount over a
period of time. Therefore, specific amounts of increase in the volume of money is
expected by investors in the interest—based economies irrespective of the nature of the
venture (Sidawi and Meeran, 2010). The second aspect is the investment decisions
which can be defined as the process of choosing ventures and projects in which to
invest in order to increase the amount of money. Conventional banks as investors
apply both aspects of this theory in all their business transactions. Factors affecting the
asset value are first considered over a specific period of time after which the potential
risks, losses and gains are calculated in order arrive at an investment decision. While
under Islamic finance system, the rules are set by the Islamic Shari’ah with its
authority derived from two main sources which are the Quran and Hadith strictly
observed by the jurists and interpreters of Islamic law.

CONCLUSIONS

In many cases, Infrastructure project financing requires contributions from a
consortium of banks or financiers due the complex nature and huge financial
requirements of such projects. In the quest to attract adequate project finance and with
the Islamic investors seeking acceptable investments, the major challenge is how to
strike a balance and develop project financing products that are not only attractive to
international project financiers but also shariah compliant. Multiple tranches whereby
project sponsors use a combination of Conventional and Islamic finance structures
appears to be the main solution. However, capital providers may now be compelled to
use profit sharing structures since the Shari’ah principles prohibit interest-based
financing.

Despite the advantages in the use of Islamic finance, the risk sharing and asset
ownership requirement creates potential bottlenecks in structuring financial deals as
well as project management. For instance, the part project asset title retention
requirements by the Islamic financiers could increase the level of risk from the
conventional co-financier's perspective in case of project default due to the divisible
collateral backing of the loan. In a bid to overcome this challenge and also to
accommodate the various shariah boards' requirements particularly in the GCC
countries, wholly multiple Islamic tranches have been used in most of the recent
project financing transactions as a viable alternative.

Allocation of risks to all parties is an integral part of the delivery process. Islamic
finance stipulates risk sharing which indeed forms one of the basic requirements for
the funds to be provided. This is a positive indication that such finance is well suited
for construction projects including housing and infrastructure development. Unlike the
conventional interest based one sided liability, Islamic finance is asset based. It can be
argued that Islamic finance is ideal for housing and infrastructure development as they
are both assets. Islamic finance is rapidly gaining recognition in many countries
including the United Kingdom and the United States. Some of the opportunities posed
by Islamic finance are; it may lower the overall costs of financing a project; it could
pave way for viable projects that may not proceed due to poor credit ratings and it
may bring a ray of hope to projects that do not have access to conventional finance.
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Top executives directing infrastructure projects in the GCC countries are now more
than ever before, keen to finance them under Islamic rules as many of their investors
are seeking long-term investments that are ethically and religiously acceptable. This is
an indication that Islamic investors are likely to invest in Islamic banks as against the
conventional banks in the near future. The construction industry worldwide should
consider looking into how to access the growing Islamic investments currently
estimated at $1Trillion (USD) and must also be proactive so as to meet the project
sponsors' requirement of funding future projects using Islamic financing products.
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The economic system is central to the wellbeing of all industrial sectors, especially
the construction industry. During economic stability and growth, the construction
industry has been observed to thrive in terms of full order books and high levels of
profitability. However, in period of limited economic growth, increased competition
for works that beget opportunism seems to be rampant in the industry. The principal
subject area researched is the impact that economic cycles that leads to sluggish state
of the economy has on the competitiveness of the business of regional contractors that
are focussed on private sector projects. The methodological approach adopted for the
discourse is quantitative in nature as a semi structured questionnaire was distributed
among a purposive sample of general contractors (GCs) registered with the East Cape
Master Builders Association (ECMBA). Selected findings suggest that in the area of
strategic management and transaction cost theory, it would be valuable to assess the
factors that would aid regional GCs in South Africa. In addition, there appears to be a
need to foster governance structures and strategic thinking attributes that would
enable GCs to weather the storm of low order books. The implication is that it is
important for GCs to have the ability to deploy strategic management approaches that
would ensure the longevity of their firms when outcomes are highly uncertain in the
business environment as reputations are difficult to establish and the payoff from
opportunism cannot be overlooked in such situations.

Keywords: construction, economic cycle, transaction cost, South Africa.

BACKGROUND

The effects of the recent economic crisis have been widespread and they have resulted
in significant asset depreciation, closures of organisations, rising unemployment and a
severe slowing down of economic growth in most nations. To a lesser extent, this
phenomenon has happened in countries in sub-Sahara Africa of which South Africa is
considered to be an economic powerhouse. Until the global financial crisis (GFC) hit
South Africa in late 2008, economic growth in the country had been stable. Statistics
South Africa (STATS SA, 2009) observes that the gross domestic product (GDP) rose
by 2.7% in 2001 to 5.1% in 2007 and then declined to 3.1% in 2008. A consequence
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of this decline is construction tendering activities (especially in the private sector) that
have dropped dramatically over the past few years.

For example, STATS SA observed that in the 1st quarter of 2009 activities dropped by
24.8% year on year, with a 21.6% drop reported in non-residential developments. The
costs of tendering that tend to be high in the industry (Hughes et al., 2001) worsen the
state of the balance sheets of firms that have significant numbers of unsuccessful bids.
Thome (2011) observe that during economic upswings in South Africa, the
construction industry thrives as order books are full and profit margins are high;
whereas in times of economic uncertainties, desperations born out of survival
tendencies leads firm to engage in practices that have continually tarnish the image of
the industry. Volatility in the industry that fosters fraud and corruption in South
African construction (Construction Industry Development Board (CIDB), 2011) thus
has the potential to increase transaction costs due to ‘opportunism’ (Hill, 1990).

Hill (1990) suggests that cooperative behaviour solutions (for example partnering) is
unable to deal with opportunism when outcomes are highly uncertain, reputation is
difficult to establish, and the payoff from opportunism in a prevailing period
outweighs the discounted present value of future cooperation. In the context of
transaction cost theory, the argument suggests that there is value in the theory that
hierarchical governance has efficiency properties when outcomes are highly uncertain
(Hill, 1990). Given that factors that engender opportunism can be said to be prevailing
at the time of this study, the formulated problem statement that led to the compilation
of this paper proposed that instability in economic cycles negatively affects long term
profitability of contractors that are focussed on private sector construction projects.
The study was embarked upon in order to explore the perceptions of GCs in terms of
the boom and bust cycles in the economy and how this affect the construction
industry and the competitiveness of firms operating in the business environment.

REVIEW OF THE RELATED LITERATURE

The literature acknowledge that economic cycles that influence decision makers exist,
although the cause (or causes) of such cycles is uncertain and varies with respect to
each industry and the prejudice of the observer (Allan, Yin & Scheepbouwer, 2008).
Generally it is accepted that a rapid growth phase of the cycle causes inflated prices
and reduced competition due to full order books; whilst the downward phase leads to
competitive cost cutting, lower margins and short cuts that affect quality, which must
be monitored if the industry is to free itself of the most negative aspects of boom and
bust cycles (Allan et al., 2008). According to Lewis (2004), the construction sector is
generally one of the larger and more important sectors of a nation’s economy. The
construction sector is also one of the most responsive to economic changes in a
country. Construction is usually one of the major sources of employment in an
economy, and so regulation of the construction sector not only has an important effect
on the performance of the economy but also on levels of employment. For all these
reasons, it is important to better understand the way the construction industry relates
to other sectors of the economy, and to changes in the national economy itself.

As an illustration, De Valence and Runeson (2011) examined the extent that the
building industry has been affected by the GFC and the Euro crisis internationally.
They surveyed senior academics and executives in construction businesses in Europe,
India, China, Hong Kong, Singapore, Korea, the Middle East, Africa, Australia and
South America (No-one responded to the study from North America). The responses
to the study show that in developed economies the effect has been a substantial
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downturn as finance have taken flight (Spain, Greece and Cyprus may serve as
examples), while in developing economies demand has been sustained by population
growth induced urbanisation that embrace increased development of residential
buildings and infrastructure projects (De Valence & Runeson, 2011). Close to home,
De Valence and Runeson noted that the 2010 Soccer World Cup coupled with
stringent foreign exchange controls played an important role in protecting the South
African construction sector from the GFC. However, the reality in 2013 is not the
same as the civil engineering sector that is often buoyed by the public sector is rather
sluggish despite repeated announcement of budgetary allocations to the sector (Pillay,
2013). Thus, while the GFC has impacted most developed countries significantly
(especially in Europe), the South African economy has not been totally insulated from
it.

One of the best ways to avoid cyclical behaviour is to have access to accurate
economic current information, and where possible, have lead indicators (Allan et al.,
2008). This type of information are essential because the construction industry is
vulnerable in a period of high market volatility, where mitigating the related risks has
become a challenge for owners and contractors alike (Hibbs, 2007). A major reason
for the volatility in the industry is due to the constant changes in prices of material and
services. Burns (2008) contends that pricing and cost control now necessitates a
proactive approach that requires project partners to frequently attend meetings with
contractors, sub-contractors, and suppliers in order to ensure a profitable venture.

The construction industry is deemed to be characterised by increasing fierce
competition among and / or between professionals and contractors. Such competitive
behaviour could potentially promote opportunism (Hill, 1990) and negate the attempt
to reduce transaction costs through collaborative working arrangements by project
actors (Pryke, 2012). This can be illustrated through the work of Williamson (see
Williamson 1979; 1981; 1985; 1998). Williamson’s work combined behavioural
assumptions with discussions of the causes of transaction costs and why transactions
occur within markets. Pryke (2012) noted that Williamson adopted the concepts of
bounded rationality and opportunism in a more strictly economic context related to
environmental factors in the form of asset specificity, uncertainty and frequency.
According to Williamson (1981: 552), “transactions occurs when a good or service is
transferred across a technologically separable interface. One stage of activity
terminates and another begins. With a well-working interface, as with a well-working
machine, these transfers occur smoothly. In mechanical systems, we look for frictions:
do the gears mesh, are the parts lubricated, is there needless slippage or other loss of
energy? The economic counterpart of friction is transaction cost: do the parties to the
exchange operate harmoniously, or are there frequent breakdowns, and other
malfunction?"

With this simple machine metaphor, Williamson (1981) was able to define transaction
cost. Although the quantification of transaction has previously proved relatively
elusive in construction (Pryke, 2012), one of its inherent premise is that the properties
of the transaction determines the governance structure of an undertaking (Williamson,
1985) and influence the governance of contractual relations (Williamson, 1979).
Williamson (1979) identifies uncertainty, frequency of exchange, and the degree to
which investments are transaction-specific as the principal dimensions for describing
transactions. He argued that the efficient organization of economic activity entails
matching governance structures with these transactional attributes in a discriminating
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way. The propagation of an enabling strategy in a firm will serve the purpose of
matching governance structures and transaction attributes.

However, there is limited evidence to show that construction firms have adapted
formal processes to develop long-term strategies (McGeorge & Zou, 2013) despite the
view that organisations that have implemented strategic management concepts as part
of their business cornerstones have shown greater improvements in turnover and
profits over the years (Ehlers & Lazenby, 2010). According to Behnam & Rasche
(2009), strategy formation represents ethical reflection on a corporate level where one
is bound by their own individual standards as well as the political and cultural
environment in which the organisation operates. In fact, empirical findings have
shown that organisations that implement strategic management competencies
generally outperform those that do not (Hunger & Wheelen, 2003). According to
Hellrieg et al. (2004), such competencies can be nurtured through:

e Understanding the industry by having a fair idea of the history of the industry
as well as staying informed about the actions of competitors and strategic
partners, and alertness to changes that will create significant threats and
opportunities in the industry.

e Understanding the organisation through the ability to manage the concerns of
stakeholders by understanding the strengths and limitations of various business
strategies; appropriating the distinct competencies of the firm in conjunction
with a clear understanding of the various organisational structures via the
advantages and disadvantages of each, and the ability to fit into the unique
corporate culture of the organisation.

e Taking strategic actions in the form of executing specific plans that reflect
cross-functional and divisional knowledge; assigning priorities and making
decisions that are consistent with organisational mission and strategic goals;
managing the challenges of alternative strategies by considering the long-term
implications of actions, and also establishing tactical and operational goals that
facilitate strategy implantation.

METHODOLOGY

The research method chosen for this exploratory study was quantitative in nature since
the rigor was limited as the project constitutes a partial requirement for the award of a
BSc honours degree in a South African university. The quantitative technique used
was the survey method. The literature reviewed provides the platform for the set of
questions that were asked in the survey. The questions asked pertain to the ratings of
certain aspects of the business of construction that are mostly affected by fluctuations
in economic cycles; and the consequences of such fluctuations. The extent to which
certain practices observable through the reviewed literature contribute to business
profitability was also examined.

Given that construction managers, certainly members of the CIOB in Southern Africa
have been noted for spending a limited number of years at operational management
level, and more at middle and top management level (Smallwood 2006); the primary
data that arose from the study were collected by means of a survey that was conducted
among middle and top management employees of Eastern Cape based GCs that are
members of ECMBA. According to Smallwood (2006), the most frequently used
subject areas in the construction management domain reflects the focus at these
respective levels of management: top-the management of business of construction;
middle-the management of a number of projects and operational-the management of
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specific projects. Thus, the rationale for sampling only middle and top management
employee is based on their perceived exposure to the business aspects of construction
management in South Africa.

The data were therefore collected through a purposive sampling method. Purposive
sampling is a procedure in which the research samples whoever he or she believes to
be representative of a given population (Springer, 2010). The difference between
purposive sampling and probability sampling approaches is that purposive sampling is
based on the researcher’s informal ideas about representativeness. Although
probability sampling is often preferable to purposive sampling, the latter is often used
when population characteristics cannot be precisely determined (Springer, 2010).

Through the ECMBA database, the purposive sampling method led to the selection of
87 GCs. Out of this number, only 37 responded, which equates to a 42.5% response
rate. In terms of demographic information, 70.2% of the respondents have been in the
industry for over 10 years; 45.9% of the GCs have executed project with average
contract value above R10m; 85.7% of them were involved in residential projects; and
83.8% of the respondents occupied either a top management or a middle management
position in their respective firms.

FINDINGS - THE SURVEY

When the respondents were asked to tick the phrase that best describe the economic
climate of the construction industry among four options, which include stable,
volatile, constant, and ever changing, it is notable that almost all the respondents
ticked volatile and ever changing. It was observed that 91.7% perceive the industry to
be volatile, while 96% perceive it to be ever changing. Based on this response, it can
be argued that the respondents were of the opinion that there are fluctuations in
economic cycles and these fluctuations affect various aspects of the construction
business. As indicated in Table 1, profits and tendering were perceived to be mostly
affected by fluctuations. The table indicates the perceptions of respondents related to
the effect that fluctuations in economic cycles has on certain aspects of a construction
business in terms of response percentages ranging from 1 (minor) to 5 (major) and a
mean score (MS) ranging between 1.00 and 5.00. It is notable that 59.5% of the
respondents were of the opinion that fluctuations in economic cycles have a major
effect on profits, while 48.6% of them perceive that fluctuation have a major effect on
tendering. In general, given that the MSs related to profits, tendering and morale were
above the midpoint score of 3.00, it can be argued that the respondents perceive the
effect of fluctuations in economic cycles on these aspects to be more of a major than a
minor effect.
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Table 1 Aspects of construction business affected by fluctuations in economic cycles

Aspects Response (%) MS Rank
unsure | Minor........ccceeveeeviniinnnnnnn. Major
1 2 3 4 5
Profits 0.0 0.0 8.1 5.4 27.0 59.5 4.38 1
Tendering 2.7 0.0 5.4 135 29.7 48.6 4.25 2
Morale 0.0 54 10.8 40.5 18.9 24.3 3.46 3
Ethics 2.8 16.7 194 27.8 27.8 5.6 2.86 4
Quality 0.0 21.6 24.3 32.4 10.8 10.8 2.65 5

In addition, Table 2 indicates respondents perceptions associated with consequences
of fluctuating economic cycles in the construction context. The table shows the
respondents’ perceptions of the consequences of economic instability in terms of
response percentages ranging from 1 (strongly disagree) to 5 (strongly agree) and an
MS ranging between 1.00 and 5.00. It is notable that all MSs in the table are above the
midpoint score of 3.00, which suggest that the respondents agreed as opposed to
disagreed with the listed consequences. Specifically, redundancy and liquidation were
perceived as the most significant consequences of economic instability in the South
African construction industry, while loss of expertise and changing of business are
equally important eventualities in such situations.

Table 2 Consequences of fluctuations in economic cycles on construction business

Consequences Response (%) MS Rank
Unsure Strongly disagree...Strongly agree
1 2 3 4 5
Redundancy 2.7 2.7 5.4 16.2 | 29.7 |43.2 | 4.08 1
Liquidation 0.0 5.6 2.8 250 |[361 |306 |38 |2
Loss of expertise 2.7 5.4 135 | 216 |378 |189 |353 |3
Changing of business 0.0 0.0 216 |[378 |[270 |[135 (332 |4

Because of observations such as the ones recorded above and others documented in
international construction management research (CMR), the management of the
business of construction strategically have being advocated in the literature. To this
end, questions related to strategic management were posed to the respondents. With a
‘Yes, No, and an Unsure option’, the respondents were requested to indicate if their
organisations engage in the strategic management of their businesses. It is notable that
65% of the respondents affirm that they engage in one form of strategic management
or the other. However, all the respondents concurred that reliable information and
astute management expertise are required for making appropriate business decisions.
Furthermore, 89.2% of them opine that organisations should have strategic intent /
vision in order to make appropriate business decisions. 86.5% of the respondents also
contend that greater collaboration between key stakeholders is required for optimum
business decision-making processes.
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In brief, the respondents were of the opinion that certain practices are central to the
ability to make profits in the regional construction business environment in South
Africa. As indicated in Table 3, 70.3% of the respondents perceive that integrity is
paramount for the ability to engender business profitability in the construction
industry. The table also suggests that reliability, strategic management competencies,
long-term planning, specialisation and diversification are all important practices for
survival and increased profitability in the construction business environment. When
asked to make general comments associated with the study, 19 respondents put
forward arguments that provided additional insights. Such comments, inter-alia,
include:

¢ “Fluctuating economic cycles affect all aspects of the construction industry,
but in particular it decreases the level of skills available in the industry”;

e “Economic cycles have a major impact on construction activities, especially in
the residential market. Another factor linked to the economy, which influences
the construction industry, is the availability of finance”, and

e “Due to fluctuating cycles, regular work is not available to the construction
companies who have staff that need to be paid. Companies are thus forced to
tender on work at next to nothing margins just to retain their workers and keep
them happy. This leads companies to ‘cut corners' in order to make small
profits that results in decreased quality and unhappy clients”.

Table 3 Extent to which certain practices contribute to business profitability

Practice Response (%) MS Rank
Unsure Minor..........cccceeee Major
1 2 3 4 5

Integrity 0.0 0.0 0.0 5.4 24.3 70.3 4.65 1
Reliability 0.0 00 |00 0.0 50.0 [50.0 |450 |2
Strategic management 0.0 0.0 2.7 135 40.5 43.2 4.24 3
competencies

Long term planning 0.0 5.4 2.7 16.2 | 43.2 324 | 3.95 4
Specialisation 5.4 0.0 5.4 32.4 29.7 27.0 3.83 5
Diversification 2.7 0.0 108 (324 | 297 | 243 |369 |6

Furthermore, some respondent say:

e “Small organisations are constantly in survival mode, while large organisations
survive economic cycles by operating outside of South Africa”;

e “Inbad times you have to take whatever work is available even if it means
tendering at cost just to keep your workforce busy”;

e “Economic cycles govern the highs and lows of the construction industry.
Budget constraints and cost control also contribute”;

e “The industry is so volatile, that is makes a mockery of short to medium term
planning and the short durations of the cycles make planning for growth and
expansion, extremely risky”;

e Clients put industry players under major pressure in economic downturns /
recessions. Both contractors and consultants have to engage work at very low
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margins. Contractors can only do as much as they allowed for in the tender
price. Educated clients know this and don’t work with lowest set of tenders”,
and

e “Economic fluctuations have profound effects on the industry as a whole.
Economic downturns lead to unethical practices which leaves the industry with
a poor public image. It’s a horrible cycle that needs fixing. A stabilised
economy would go a long way to relieving the industry of many of its
problems but the means of stabilise the economy seems unattainable”.

DISCUSSION

Although it has been claimed that long-term survival of construction enterprise
depends upon effective strategic management based on sound strategic planning, and
strategic thinking has become increasingly important to construction organisations as
a result of the industry’s dramatically changing business environment (McGeorge &
Zou, 2013), it appears that the surveyed GCs have not appropriated this management
concept. The findings can be further supported by another empirical finding that
emanated from the Eastern Cape region in South Africa. The study amplified the need
for GCs to manage their firms / or businesses strategically. The qualitative study that
was authored by Adendorff, Appels & Botha (2011) revealed that construction SMESs
(small and medium size firms) that practise strategic management perform better than
their peers, and that there are many advantages for SMEs that adopt strategic
management principles at the organisational level. The case study that profiled an
Eastern Cape based GC further indicates that the GC was able to grow its business in
spite of the tough economic climate because it adopted management strategies that
include diversification and specialisation, among others.

A closer look at the general comments noted that the uncertainties in the business
environment may be leading to the prevalence of opportunistic behaviours in the
regional market. The comments failed to show a particular strategy that the GCs have
adopted in this volatile period. Given that opportunism hinders long-term growth of
firms (Hill, 1990; Williamson, 1979; 1998), there appears to be a need for the
surveyed GCs (and others in the region) to develop an open framework for corporate
strategy in construction in terms of technology, human resources, marketing and
competition, business, core competencies, knowledge resources, finance, and
operations (see McGeorge & Zou, 2013). Doing this should enable the firms to tackle
rising transaction costs (for example, costs pertaining to unsuccessful tenders) and low
profit margins in the industry. From the data presented by Hughes (2003), there
appears to be no relationship between the type of working methods and the costs of
tendering in construction. Hughes (2003) noted that while it can be expensive to get
into framework deals and partnering arrangements, the expectation of project actors is
that this up-front investment results in lower downstream costs; but there is no
evidence to support either of these assertions. He however opined that the findings
suggest that there are more influences on these costs than the mere presence or
absence of collaborative working methods.

The aforesaid have implication for regional contractors that are not exposed to public
sector projects in South Africa. The market mechanism dictates the availability of
work in the private sector, especially in the residential building sector. Perhaps the
argument of Hill (1990) should be considered in this context. Hill (1990) argued that
among a population of economic actors that require investment in specialised assets,
behaviours that amplify cooperation, trust, and forgiveness of isolated opportunism by
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others does have economic value. Furthermore, Hill (1990) suggests that even in cases
that are dominated by small numbers and high switching costs, in the long run
opportunism does not yield the anticipated benefits.

CONCLUDING REMARKS

The volatility of the economic system has had a profound effect on the construction
industry as problems that are synonymous with the sector are often amplified during
economic downswings. Economic fluctuations produce ripple effects that affect a
number of key construction business areas. This is particularly apparent during a
sluggish economic period that the construction industry is so impacted that GCs and
other project actors engage in competitive strategies that are not limited to cost
cutting, lower margins, and other practices that would secure the lifespan of
businesses. The surveyed literature and regional GCs in South Africa indicate that
when situations such as the one described above persist, opportunism may escalate
transaction costs in the industry. Although behaviours that engenders opportunism
would not serve the corporate goals of a firm in the long-term, it appears that
interventions that can address it is not been implemented by the surveyed GCs.

This implies that market mechanism (volatility) can have the risk of opportunism even
if actors whose behaviours are habitually opportunistic would eventually leave the
scene (Hill, 1990). In other words, as markets move towards the state of competitive
on-equilibrium, the risk of opportunism will be high. However, the findings of this
exploratory study should be viewed in context because of its inherent limitations. In
the area of strategic management and transaction cost theory, it would be valuable to
assess the factors that would aid regional GCs in South Africa, especially in an
unstable economic environment. Governance structures and strategic thinking
attributes that would enable GCs to weather the storm of low order books should be
made known in a future study. When outcomes are highly uncertain in a business
environment, reputations are difficult to establish and the payoff from opportunism
cannot be overlooked,; it is important for GCs to have strategic management
techniques and / or approaches that would ensure the continued existence of their
firms.
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Industrialised Building System (IBS) is defined as a construction technique which
components are manufactured in a controlled environment (on or off site). These
components are then transported, positioned and installed into a structure without too
much site works performed by labours. The agenda of IBS has been duly highlighted
in the Malaysian Construction Industry Master Plan (2005-2015) as being of
significant importance to the Malaysian construction industry. The Malaysian
government is also committed not only in addressing the IBS agenda but also meeting
its target and adopting innovations in the near future. The aim of the main research is
to investigate the cost implication factors of mechanisation and automation approach
in IBS projects. The methodologies are based on a thorough literature review,
guantitative and qualitative method using semi structured interviews which were
conducted among IBS manufacturers, developers and contractors in Malaysia. Capital
cost, maintenance cost, operation cost, inadequacy of market size, site arrangement,
upgrading, availability of machine locally, site location, training and transportation
are among the major cost factors highlighted by the IBS players. These cost factors
require considerable attention when the mechanisation and automation approach are
to be fully implemented in IBS projects in Malaysia. The findings on the cost
implication of the mechanisation and automation approach in IBS will be able to
guide the industry players and the government in their quest to reduce the country’s
over-dependency on foreign workers by encouraging the use of labour saving devices
at an optimum cost. Subsequently, the IBS needs mechanisation and automation
approach to push their agenda forward to meet the government’s transformation
policy towards modernising the construction industry in line with other developed
countries by the year 2020.

Keywords: costs, industrialised building system , mechanisation, automation.

INTRODUCTION

Malaysia is a dynamic country which is constantly evolving. Being a middle-income
country, Malaysia has transformed itself since the 1970s from a producer of raw
materials into an emerging multi-sector economy spurred on by high technology,
knowledge-based and capital intensive industries. In Malaysia, the government is
aware of the importance of developing a capable construction industry driven by
technological development in the manufacturing and service industry that can
contribute to the economy Azman et al. (2010). In 2008, a circular from the Malaysian
Treasury Department, Ministry of Finance denotes full utilisation of IBS for all

Kamaruddin SS, Mohammad MF, Mahbub R. and Yunus RM (2013) Perception
towards cost implication of mechanisation and automation approach in IBS projects in
Malaysia In: Smith, S.D and Ahiaga-Dagbui, D.D (Eds) Procs 29" Annual ARCOM
Conference, 2-4 September 2013, Reading, UK, Association of Researchers in
Construction Management, 213-222.
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government projects in Malaysia whereby the use of IBS components in government
projects must not be less than 70% (Kamar et al. 2009). This is because the IBS has
the compensation factors of speed, safety and quality and Malaysia is in a dire need of
fast and high quality products for the local construction industry as well as able to
complete with the global market. Dealing with the issue on the influx of foreign
labour, to stop illegal workers abruptly can be very costly, time consuming and
involved a large number of enforcement personnel. The government may need to
work hard with the industry to study ways to reduce the country’s dependence on
foreign workers by encouraging more labour saving devices such as construction
methods using IBS and through greater mechanisation and automation approach.
Mechanisation and IBS are interrelated to each other. IBS needs mechanisation to
fulfil its cycle till the complete erection of those IBS components on site. The
automotive industry has moved from craft-based production to mass production and
yet people still talk of moving the construction industry from a craft-based to a
manufacturing industry (Crowley, 1998). This statement was supported by Azman et
al. (2010) in the context of the Malaysian construction industry which is currently in
the process of being transformed into a mass manufacturing and production industry
in view of developing standardisation of products in line with the demanding local and
global markets.

Therefore, the main research aims to investigate the cost implication factors of
mechanisation and automation approach in IBS project. However, this paper will
attempt to complement precedent studies whilst contributing to IBS research in
guiding the industry players and helping the Malaysian government in their quest to
reduce the number of foreign workers.

LITERATURE REVIEW

Industrialised Building System (IBS) and the Malaysian Construction Industry

The use of IBS has turned the Malaysian housing industry into one of the mass
producers of houses per capita basis than any other countries in the world. It can be
defined as an approach or process used in making construction less labour oriented
and faster and fulfilling quality concerns (Shaari et al. 2003). The broader view of the
IBS is about changing the conventional mind-set, championing human capital
development, developing better cooperation and trust, and promoting transparency
and integrity (Shaari et al. 2003). The term was invented to shift from the typical
paradigm of prefabricated systems. According to the Malaysian Construction Industry
Development Board (CIDB) IBS Digest Bulletin Issue 02 2010, IBS is defined as a
construction process that utilises components or building systems which involve
prefabricated components and on-site installation. From the structural classification,
they are divided into six main IBS groups or categories that are popularly used in
Malaysia which includes: precast concrete framing; panel and box systems; formwork
systems; steel framing systems; prefabricated timber framing systems; and block work
systems. Azman et al. (2010) has come up with the table of categorisation of IBS
components in the context of Malaysian construction industry as in Table 1.

The term used for IBS may be different from one country and another. Azman et al.
(2010) has found out that the term used in the UK is known as the Modern Methods of
Construction (MMC) or Off-site Manufacturing. MMC is the term used by UK
government to describe a number of innovations in house building, most of which are
offsite technologies, moving work from the construction site to the factory. On the
other hand, in Australia, the IBS is better known as the Off-Site Manufacture (OSM).
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The OSM term has been well known in Australia and internationally as in UK, US,
and European countries as well.

Table 1: Categorisation of IBS Components in Malaysia

IBS Introduce in  Categorisation of IBS  IBS Components
Early 60’s Badir et al. (2002) Frame System
Panel System
Box System
Early 90’s Badir and Razali Precast concrete framing, panel and box systems
(1998) Load bearing block
Sandwich panel
Steel frame
2003 CIDB (2003) Pre-cast concrete framing, panel and box systems
Formworks systems
Steel framing systems
Prefabricated timber framing systems
Block work systems
2010 CIDB (2010) Pre-cast concrete systems
Formworks systems
Steel framing systems
Prefabricated timber framing systems
Block work systems

Innovative

The IBS offer benefits to adopters that concerned about cost and time certainty,
attaining better construction quality and productivity, reducing risk related to
occupational safety and health, alleviating issues skilled workers and dependency on
manual foreign labour, and achieving the ultimate goal of reducing the overall cost of
construction (Lou et al. 2012). As of February 2009, 320 government projects worth
RM9.43 billion have been carried out using the IBS construction approach. The
government has also realised that it is also important for the private sector to
participate aggressively in the IBS construction approach. Currently there is an
exemption in the form of tax levy (0.125% of project cost) for contractors who are
using a minimum of 50% of the IBS score in the construction of residential buildings.

According to Hamid et al. (2011) in Finland, IBS (or offsite manufacturing as it is
better known in the European Union) represented 70% of total building construction.
It offers effective and rapid site assembly and improving the quality and productivity
of construction. Japanese house building industry has developed the most advanced
manufacturing technigques in construction. Automation and robotics are applied in
both manufacturing techniques in construction. Meanwhile, Hamid et al. (2011) adds
that offsite manufacturing in German house building industry has improved quality
and provided a better value with considerable variety and flexibility in design. It has
also helped the developers to overcome strict standard of quality control imposed by
local authorities.
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According to Thanoon et al. (2003) in the early 60s, the IBS method has been adopted
due to the need of accomplishing large quantities of apartments as quickly as possible
by The Housing and Development Board (HDB) of Singapore. Furthermore, in
Thailand the usage of Precast Large Panel Construction (PLPC) as an example of IBS
components has been widely used in Thailand as the government of Thailand
planned to build about 600,000 housing units for the low to medium income level
population within three years starting the year of 2004 (Thanoon et al. 2003).
Meanwhile, Thanoon et al. (2003) the organisation of The Building America
Industrialised Housing Partnership (BAIHP), IBS is gaining fast popularity in the
USA market in term of both high rise and low rise buildings. According to the
researcher Thanoon et al. (2003), the experiences in some developed countries such as
United Kingdom and Japan indicate that there is a great potential for IBS to progress
as it offers loads of benefits towards the civilization both economically and socially.
IBS has already been successfully adopted in Finland, Japan, UK, USA and Singapore
where technologies had eventually modernised and improved the industry. However,
in Malaysia, according to Kamar, (2009) the percentage of IBS usage is still
considered low and deteriorating. This indicates that to be successful, the Malaysian
construction industry shall not work in isolation but to benchmark and learn from
others.

Therefore, the latest IBS Roadmap from 2011 to 2015 has stated that among the
objective is to impose a high-level intended outcome when implementing IBS. The
four policies include good on quality, design, components and finished buildings.
Aesthetics should be promoted through innovation to ensure that by using IBS the
completion time of a building is not only speedier but more predictable and well-
managed (Kamar et al. 2012). Concurrently, there is a need to have a ready pool of
competent IBS professionals and workers throughout the entire project life-cycle;
from design, manufacture, and construction up to maintenance to create a financially
sustainable IBS industry that balances users need and affordability as well as
manufacturers viability. Apart from this, IBS offers minimal wastage, fewer site
materials, a cleaner and neater environment, controlled quality, and lower total
construction costs (Pan et al. 2008, Hamid et al. 2008 and Pan et al. 2007).

Mechanisation and Automation in Construction Industry

There are five degrees of industrialisation described by Richard (2005). They are
prefabrication, mechanisation, automation, robotic and reproduction (Figure 1).
Prefabrication is a manufacturing process that takes place at a specialised facility, in
which various materials joined to form a component part of the final installation.
Mechanisation comes in whenever machinery employed to ease the workload of the
labourer. Automation is a situation when the tooling (machine) completely takes over
the tasks performed by the labourer. Robotics comprises the ability of the same
tooling which has the multi-axis flexibility to perform diversified tasks by itself. This
allows the mass- customisation concept. Reproduction implies that the research and
development of innovative processes is truly capable of simplifying the production
process. According to Richard, (2005) the first four degrees are still more under the
influence of the traditional methods of building. Prefabrication aims rather at the
location of the production where the next three degrees (mechanisation, automation
and robotics) aim at substituting labour with machineries (Richard, 2005). This range
of this research is in between the mechanisation a bit into the earlier stage of
automation implementation on site.
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Figure 1: Degree of industrialisation (Richard, 2005)

Mahbub (2012) highlighted that the problems associated with the construction
industry such as decreasing quality and productivity, labour shortages, occupational
safety and inferior working condition have highlighted the need for an innovative
solution within the industry, including the push for further use of industrialisation and
construction automation and robotics application on site.

Mechanisation can be described as the process of applying the use of mechanical
plants in carrying out a task. The level of mechanisation defined as the number of
plants and equipment employed or the number of activities carried out by mechanical
plants in an operation (Idoro, 2008).

According to Parker (1989) and Navon (1996) automation is defined as “the
replacement of human, labour by machines; or the operation of a machine or device
automatically, or remote control”. Richard (2005) stated that automation is the tool
that is completely taking over the tasks performed by the labour although the
“supervisor” is still around. Other than that according to Slaughter (1997)
“automated” devices may include other manipulators and equipment that follow a
fixed sequence or remote controls.

The Cost Factors on Mechanisation and Automation in IBS Construction Project

Mahbub (2012) have set up the barriers in the implementation of automation and
robotic in construction which include high in cost, financial commitments in acquiring
and maintaining the technologies. Navon (1996) has listed down that economic
analysis is one of the factors that need to be considered in teaching automation as part
of the construction curriculum. Results from his survey have shown that the
automation system would be economical if it could replace at least one worker. Navon
(1996) has also listed ten parameters of the automation system economic analysis
which is the initial investment cost, economic life, interest rate, repair and
maintenance, operating cost, transfer cost, number of saved workers, labour cost,
robot employment time and tax reduction. Warszawski (1985) had come out with an
economic feasibility study of robot employment in construction tasks which
encompassed development cost: include all expenses associated with labour, materials
and facilities used for researching, testing and evaluating of the various alternatives of
robotics solutions investment costs: include depreciation and interest on investment.
The parameters are the cost of new equipment, it is economic life, the salvage value at
disposal and the interest charged on investment. Set up costs: include the installation
of the equipment at its work place, the running-in, learning and programming
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expenses. Maintenance costs: include the regular upkeep, the inspection and repairs of
breakdown. Operation costs: include the electricity consumed for robotic work. CIDB
(2012) has also listed down several recommendations to encourage the use of
mechanisation and automation in construction. Amongst them are: expanding the
machinery for the construction manufacturing industry, developing capacity and
capability, strengthening research, development and commercialisation, reduction of
construction levy for the contractors, a leasing model for buying the machines,
financial assistant and tax exemption from the government, and reduction on import
duty and sales tax on heavy machineries.

METHODOLOGY

This paper discusses the questionnaire and semi structured interviews conducted with
IBS manufacturers, developers and contractors as a part of an on-going research
progress on the implementation of mechanisation and automation in IBS projects in
Malaysia. Literature review was the first phase of the research. Secondary data were
derived from relevant books, journal articles, theses and dissertations, conference
proceedings, and reports. This includes the investigation on the cost implication of
mechanisation and automation approach in IBS projects in Malaysia with a variety of
IBS key players (manufacturers, developer, and contractors). Therefore, the data
presented in this paper are only a portion of those collected, and the conclusions
presented here are based on interim findings.

The 5-point scale is used to measure responses on the questionnaires. Items are scored
on the following keys: 1- No influence at all, 2- Minor Influence, 3- Moderately
Influence, 4- Major Influence and 5- Totally Influence. The data gathered through
these questionnaires is compiled and fed into the computer to be analysed. The semi
structured interviews were conducted in an open ended manner and recorded using
digital voice recorder upon obtaining permission from the participants. The recordings
were then transcribed for the purpose of data analysis. Answers from interviewees
were compared to previous studies’ findings were the condition and types of
mechanisation and automation are also taken into consideration during the qualitative
analysis.

FINDINGS AND DISCUSSIONS

A total of 24 out of 40 respondents returned the questionnaire within three weeks after
being sent out. These represent 60% of total respond to rate which is considered to be
quite adequate for analysis. Table 2 and Chart 1 explain the job category of the
respondents by percentage. Contractors form the highest number of respondents with
11 respondents (45.8%), followed by developers 9 (37.5%) while the manufacturers 4
(16.7%) form the minority population in this study. The survey data is analyses using
IBM SPSS Version 20.

Table 2: Job categories of respondents

Job Category
Frequency Percent (%)  Valid Percent ~ Cumulative Percent (%)
Contractors 11 45.8 45.8 45.8
Developers 9 375 375 83.3
Manufacturers 4 16.7 16.7 100.0
Total 24 100.0 100.0
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Chart 1: Rate of Responsive

Most of the respondents have good experiences in the industry and IBS construction.
According to Table 3, 10 respondents have less than 10 years of experience form the
highest percentage (41.7%), 8 (33.3%) of the respondents have experiences between 5
to 10 years and, 6 (25%) of the respondents had 10 years or more experience. Thus, a
total of 58.3% of the respondents have been involved in the construction industry for 5
years or more. This represents respondents who had sufficient knowledge on the
implementation of mechanisation and automation in IBS. Therefore, the data collected
are considered to be reliable and good for an opinion based survey.

Table 3: Respondents experience

Experience
Frequency Percent (%) Valid Percent ~ Cumulative Percent (%)
Less than 5 years 10 41.7 41.7 41.7
5 to 10 years 8 33.3 33.3 75.0
More than 10 years 6 25.0 25.0 100.0
Total 24 100.0 100.0

Table 4, has shown that the respondents’ working experience is sufficient, therefore
the results for the Mean, Median and Mode of the data is quite close to each other.

Table 4: Mean, median mode for the working experience

DESCRIPTION WORKING EXPERIENCE
N Valid 24
Missing | O
Mean 1.8333
Median 2.0000
Mode 1.00_
Std. Deviation .81650
Variance .667
Range 2.00
Minimum 1.00
Maximum 3.00
Percentiles 25 1.0000
50 2.0000
75 2.7500
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Table 5 illustrates the variables that are rank based on the most influencing factors on
the use of mechanisation and automation. It shows that the capital cost is the major
factor influencing the cost of mechanisation and automation and that the purchase of
plants and machineries will increase the capital cost. This is followed by the
maintenance cost, operation cost, and inadequacy of market size, site arrangement,
upgrading cost of machines, availability of machine locally, site location, training cost
and transportation cost. This finding is in lieu with Navon (1996) and Warszawski
(1985) who stated that among the cost of mechanisation and automation are the
investment cost, repair and maintenance cost, operating cost as well as labour cost.

Table 5: Factors influencing the mechanisation and automation costs

Item  Description Rank Mean

1 Capital cost 1 4.3333
2 Maintenance cost 2 4.2083
3 Operation cost 3 4.0000
4 Inadequacy of market size 4 3.7917
5 Site arrangement 5 3.7500
6 Upgrading cost 6 3.6667
7 Auvailability of machine locally 7 3.5000
8 Site location 8 3.5000
9 Training cost 9 3.3333
10 Transportation cost 10 3.3333

A combination of literature review and analysis of results was used to arrive at the
findings. Based on the results of the interviews, the perceived cost implication factors
of mechanisation and automation approach in IBS projects in Malaysia are presented
below.

IBS Manufacturers’ perception

The mechanisation and automation costs can be very high. The machines can reach up
to 1 Million Ringgit Malaysia to 2 Million Ringgit Malaysia per purchase. That is
only the initial cost. The machines are all imported because there is no other local
technology as yet that can compete with the quality of the imported machines. Even in
China, the industry has yet to produce the machineries for construction. Other than
that, the wear and tear of the machine components are another aspect that needs to be
looked into in the operating cost. All the components such as screws have their time
limit whereby when it reaches a certain number of production cycles they need to be
replaced. Capital cost will include such thing as purchasing the plants and
machineries. Otherwise, the output quality will be affected, and all the components
need to be imported from its original manufacturer. The operational and the
maintenance cost must also be taken care. Other costs involved are the cost for
training or labour cost to train local to use the machines. At the beginning, we had to
employ an engineer from Finland to be in charge to train our workers to operate the
machines.

Developers’ perception

Among the costs that are involved in the mechanisation and automation of IBS are the
capital cost to include the purchase of plants and machineries, cost of operation,
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maintenance cost, training cost for labour and spare parts cost which are machine wear
and tear.

Contractors’ perception

The contractor usually rent the machines. They have to provide the cost for running
the machine which is the operational cost and machines renting cost. Contractor did
not need to provide the machine initial cost and maintenance cost because it is covered
with the machines provider.

CONCLUSIONS

All three interviewees in this study were asked about their perception on the cost
implication of mechanisation and automation in IBS projects in Malaysia. However,
their understanding on the cost implications factors in mechanisation and automation
could be enhanced even more. This is also an attempt to address the issues of the
country’s dependency of foreign labours by encouraging the use of labour saving
devices at an optimum cost. Promoting the use of IBS in construction using
mechanisation and automation will surely improve the construction productivity and
hopefully fulfil the Malaysian government’s target of becoming a developed country
by the year 2020. This statement is in lieu with Mahbub (2012) that highlighted the
problems associated with the construction industry such as decreasing quality and
productivity, labour shortages, occupational safety and inferior working conditions.
Finally, there is also the need for an innovative solution within the industry, including
the push for further use of industrialization, construction automation and robotics
application on site in years to come.
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The construction industry wants graduate employees skilled in relationship building
and information technology and communications (ITC). Much of the relationship
building at universities has evolved through technology. Government and the ITC
industry fund lobby groups to influence both educational establishments and
Government to incorporate more ITC in education — and ultimately into the
construction industry. This influencing ignores the technoskeptics’ concerns about
student disengagement through excessive online distractions. Construction studies
students (n=64) and lecturers (n=16) at a construction university were surveyed to
discover the impact of the use and applications of ITC. Contrary to Government and
industry technopositivism, construction students and lecturers preferred hard copy
documents to online feedback for assignments and marking, more human interface
and less technological substitution and to be on campus for lectures and face-to-face
meetings rather than viewing on-screen. ITC also distracted users from tasks which,
in the case of students, prevented the development of the concentration and deep
thinking which a university education should deliver. The research findings are
contrary to the promotions of Government, ITC industry and ITC departments and
have implications for construction employers where a renewed focus on human
communication should mean less stress, fewer delays and cost overruns.

Keywords: information technology, education, social networking, disengagement

INTRODUCTION

The construction industry is caught between the demands of innovative technologies
and the business environment according to Becker, Jaselskis and McDermott (2011)
who argue that Information Technology and Communications (ITC) is no longer just
the domain of the ITC Department — rather that “All construction professionals ...
must consider themselves part of the IT department. The daily work of construction
professionals is immersed by technology.” (ibid: 7). Much of the ITC infrastructure
in construction universities is absorbed by the informal applications (e.g. email,
Facebook, Twitter etc.) which are distractions from academic pursuits. 1TC is
efficient for routine tasks and skimming information and data. Construction students,
however, are required to develop non-routine higher-thinking skills including new
literacies, problem solving and face-to-face collaboration. The construction industry
believes such people-skills will deliver competitive advantage by reducing conflict
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and ultimately reducing costs. The challenge therefore is to ensure that the installed
ITC meets the development of higher-thinking skills — and that the consumers of such
ITC are using it as productively as intended when it was procured.

ITC CHALLENGES

Government-1TC industry influence

There are many influences in ITC procurement including United Kingdom (UK)
Government funding of pro-1TC lobbying groups (e.g. Joint Information Service
Committee (JISC) and the Higher Education Funding Council for England (HEFCE)
which incorporates the Online Learning Task Force (OLTF: 2011)). In Europe there
is the European Schoolnet (ES) — another multi-government sponsored
technopositivist group of 31 European Ministries of Education specialising in
researching ITC development in schools (Balanskat and Balmire, 2007). Njenga and
Fourie (2010), promoting dialogue on ITC, examined the higher education e-learning
myths espoused by “technopositivists” (ibid: 199) with their “compulsive enthusiasm”
(ibid: 200). Their view is that the technopositivist ideology is “... being created,
propagated and channelled repeatedly by the people who stand to gain either
economically, socially, politically or otherwise in due disregard of the trade-offs
associated with the technology to the target audience.” (ibid: 200). This group
undoubtedly includes the ITC companies and the ITC departments in higher education
institutes (HEI’s). Dissenting groups of “technoskeptics” have not been provided with
Government-funded support.

According to JISC (2008) students welcome ITC fir flexibility over time and location
of lectures and for access to class notes and electronic note-taking in lectures and for
research (JISC, 2008: 13). This was challenged by Wood et al (2012) (using 145
participants to test multi-tasking ability) who found that “attempting to attend lectures
and engage digital technologies for off-task activities can have a detrimental impact
on learning” (ibid: 365). Similarly, the technopositivists’ influences and assumptions
have also been challenged by Convery (2009). Convery, in his interrogation of the
literature espousing the benefits of ITC noted that “...the imperative to learn about
technology has been allowed to become confused with learning through
technology.... to establish the myth that computing is inherently beneficial in
education.” (ibid: 27). (This is illustrated by the universities’ requirement for students
to collaborate on-line to fulfil team-based assignments.) Rowlands et al (2008: 300)
in their “virtual” longitudinal study to determine the impact of ICT on young students
found that they also have a propensity to prefer entertainment to text (ibid: 299).

Technology acceptance (usefulness and ease of use)

The construction industry is becoming increasingly ITC-based. The technology
acceptance model (TAM) explains the significance of users’ perceptions of usefulness
(potential enhancement of job performance) and ease of use (free of effort) in the
acceptance of new ITC (Davis, 1989; Venkatesh, 2000). The perceived usefulness
increases when an individual has focussed immersion and enjoys the interaction.

New literacies and skills are needed (not skim-reading)

However, new skills are needed to encourage self-directed learning which is accurate
—and not just easy. These new skills, applied at speed, include the ability to challenge
information during on-line reading. Rowlands et al (2008: 300) found that the
favourable impact of ITC has been overestimated and that comfort with the
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technology has meant reliance on search engines, viewing rather than reading and a
lack of the ability to critique and analyse information. Visual methods of learning are
becoming preferred to verbal. “Society is dumbing down.” (ibid: 300) “...people
exhibit a strong tendency towards shallow, horizontal, “flicking” behaviour in digital
libraries.” (ibid: 300). This has led to claims that students are not fully engaged in
learning illustrated by the researched preference for “skimming” when academic sites
are only briefly examined for perhaps one or two pages. Rowlands et al (2008) also
noted that “...around 60% of e-journal users viewed no more than three pages and a
majority (up to 65%) never return...” (ibid: 294). The frequent switching from one
task to another also raises the challenge of how to manage the vast quantity of
information now instantly available.

Head and Eisenberg (2010) examined how students (n=8,353) used and evaluated
information in the digital age. Few respondents used Web 2.0 applications for
collaboration on assignments often preferring instead to evaluate information using
friends and/or family and instructors for academic work. The students’ favoured
researching strategies were driven by efficiency and predictability in order to manage
the quantity of information available through digital sources. Lower order thinking
skills (such as “...procedural memorized routines, techniques and rules for conducting
research and finding information...” (ibid: 37) as well as higher order thinking skills
(““...interpreting, synthesizing and creatively manipulating abstract concepts to
generate new constructs, meanings, interpretations and knowledge...”) (ibid: 37) are
both necessary for information literacy and lifelong learning. The students in the
sample considered themselves adept at lower order thinking skills in research but felt
they were disadvantaged for applying the higher-order thinking skills (possibly
because they felt swamped with the amount of digitally-available information).
Rowlands et al (2008) also speculate that (based on previous research) social
networking sites produced by the HEI may have only limited support — implying that
students prefer social networking for social purposes only (ibid: 298).

ITC DISTRACTIONS
Easy attainment

Ferneley and Sobreperez (2006) discuss the different facets of user engagement where
users can comply, workaround or resist — the latter being two means by which users
can undermine the planned use of (expensive) ITC systems. Commercial tools such as
Googlescholar which encroach on academic search domains (but which are easy) are
also seen as a threat to the traditional institutions such as libraries (Rowlands et al,
2008: 296). “Young scholars are using tools that require little skill: they appear
satisfied with a very simple or basic form of searching...” (Rowlands et al (2008: 297)
supporting Davis’ (1989) TAM theory).

Memory, multi-tasking and disengagement

ITC is designed to support and integrate multiple tasks. However, multitasking,
interruptions and lack of concentration can all lead to disengagement from task as
discovered by many researchers. Bennett et al (2008:779) found that “...multi tasking
may not be as beneficial as it appears and can result in a loss of concentration and
cognitive “overload” as the brain shifts between competing stimuli...”. Rowlands et
al (2008: 300) found that the impact of ICT has been overestimated and that comfort
with the technology has meant reliance on search engines, horizontal “flicking”

behaviour, skimming rather than reading — all resulting in lack of the “critical and
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analytical skills to assess the information” (ibid: 290). “Society is dumbing down.”
(ibid: 300). Ophir, Nass and Wagner (2009) found that heavy media multi-taskers
(n=49) had poor results when tested on task-switching ability possibly due to reduced
ability to filter interference in tasks. Similarly Greenfield (2009) recognised that
cognitive skills are changing to adapt to a background of interference from informal
learning environments (television, video games, internet). She also decided that
weaknesses were developing in higher-order cognitive processing skills (including
problem solving, critical thinking and imagination) previously developed through
stimulation from reading hard copy and listening to radio (ibid: 69). Nicholas,
Rowlands, Clark and Williams (2011) also concluded that the Google Generation have
poorer working memories.

Similarly, the impact of ITC on memory was the subject of four studies by Sparrow,
Liu and Wegner (2011) which showed that ““...when faced with difficult questions,
people are primed to think about computers...” and instead of recalling the
information they recall where to access it. In this way, the internet has become a form
of “...external or transactive memory where information is stored collectively outside
ourselves...”. (ibid: 1) (this is also known as the “Google effect”). In a multi-tasking
environment the opportunity for interruptions fractures the periods of reflection
needed for thinking. By making it “easy” (i.e. dumbing down) for students with
internet keyword searches and journal abstracts as substitutes for in-depth searching,
reading and absorption, there is a possibility that students are not really participating
in the learning experience. The continual distractions and interruptions available
through ITC applications prevent brains from forging the neural connections that give
depth to thinking thereby weakening memories and preventing joined-up thinking.
Kirschner and Karpinski (2010) in their research (n=219) into the use of social-
networking site Facebook and its relationship to academic performance found that
students who admitted to being avid Facebook users had lower grades than non-users
(also supported by Rosen, Carrier and Cheever, (2013) in their study of 263 students’
on-task behaviours).

RESEARCH

The foregoing raises many beliefs surrounding the use of ITC in a construction faculty
and whether it will prepare employees who can concentrate on task, collaborate and
problem-solve. An attitudinal survey was compiled to test key findings from the
literature. The applications choices comprised emails, podcasts, blogs, wiki, filesharing,
Facebook, Twitter, YouTube, music, news streams (e.g. newspapers, BBC), iplayers (t.v.
replays), Skype, Wikipedia, Excel, Word, Photoshop, AutoCad, Googlesearch, Wikipedia and
“other”. Following an investigatory pilot survey and subsequent amendments to the
instructions and content, the one month availability of the on-line voluntary,
anonymous Google-documents questionnaire was notified to 263 students and 33
lecturers in the same construction studies faculty in a UK construction university.

The return rate was 24% (n=64) for students and 54% (n=18) for lecturers.

RESULTS

The students’ sample comprised 50 males, 12 females and two transgenders with a
mode of 20-25 years. The lecturers were 11 male and seven female with a mode of
46-55 years. While self-reporting surveys should be treated with caution, the results
nonetheless support many of the findings of researchers examined in the literature
search.
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Ease of searching techniques

The non-academic search engines were preferred by 73% of students for academic
research (vs 22% for lecturers) and only 32% of students agreed or strongly agreed
that university search engines are easy to navigate.

Flexibility over lecture time and location

A clear majority of lecturers (89%) had a distinct preference for on-campus lecture
delivery rather than off-campus delivery over the internet. Of student respondents,
75% claimed to attend all lectures and 22% “sometimes”.

Skimming

As a test of in-depth document reading vs skimming 13% of students noted they only
ever read the journal abstract 37% read the abstract and some of the journal pages, and
20% said they read the whole article.

Face-to-face vs on-screen contact
Table 1: preference for contact for feedback, marking and tutoring

Preference Scale Students receiving Lecturers giving
feedback % feedback %

| prefer face-to-face always 69 50
feedback for assignments ~ sometimes 22 44

never 9 6
| prefer to receive/read always 76 78
feedback on hard copy sometimes 19 22

never 5 0
| prefer to receive/give always 33 6
feedback on screen sometimes 45 44

never 22 50
| prefer marks always 33 0
returned/marking student ~ sometimes 45 33
assignments on-screen never 22 67
I want more time with strongly agree 44 N/A
lecturers and tutors agree 31

neither 20

disagree 3

strongly disagree 2

Contrary to the exhortations of ITC departments and the ITC industry, the results
above (Table 1) show a preference for human contact and hard copy feedback.
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Most used functions
Table 2: top five most used and most popular functions

Usefulness

Students when studying %

Lecturers when working %

top five most used

functions

98= email, Word

89 Youtube

86=Excel, music, Wikipedia
73= Facebook, news stream

100 email

89 Word

78= Excel, YouTube
72=iPlayer, music

70 iPlayer 67 news stream (e.g. BBC)
top five most 81 email 89= email, Word
popular open 80 Word 56 Excel
functions when 38 Excel 39 news streams (e.g. BBC)
studying/ working 36 music 28 other (e.g. Powerpoint)
28 Facebook 17= Skype, Wikipedia
top five most 86 email 89 email
popular open 55 Facebook 44  Word
functions when 50 music 28 news streams (e.g. BBC)
NOT 48 Word 17=iplayer, Skype, Excel
studying/working 44 YouTube 11= Wikipedia, music, YouTube

Switching from task to task
Table 3: switching ease

Switching ease

| find it easy to switch from one
task to another when working on

my ITC tasks

Students % Lecturers %
56
44
0
100 100

Distractions: source and frequency

Table 4: applications open and interruptions per hour
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Open applications/ source of  Frequency of Students when Lecturers when
interruptions interruptions per hour studying % working %
open applications when 0-2 47 39
studying/working 3-5 41 61

6-8 7 0

9-12 3 0

12+ 2 0
self-interruptions e.g. to 0-2 58 89
initiate or answer 3-4 27 11
emails/Facebook® per hour 5-6 9 0

7-10 0 0

11+ 6 0
externally-generated 0-2 36 100
interruptions by social media 3-4 23 0
per hour 5-6 30 0

7-10 3 0

11+ 8 0

Interruptions and impact on anticipated degree success

Table 5: self interruptions and anticipated degree classification

Students self-interruptions per hour e.g.to  Anticipated degree classification
initiate or answer emails, Facebook, Twitter

etc. First 2:1 2:2 TOTAL

0-2 16 15 7 38 59%
3-4 5 10 2 17 27%
5-6 1 3 2 6 9%
7-10 0 0 0 0 0
11+ 2 1 0 3 5%
TOTAL 24 29 11 64 100%

DISCUSSION

The findings indicate that many ITC-installation decisions have not taken full account
of users’ behaviours. The finding that non-academic search engines were preferred to
academic search engines confirmed Ferneley and Sobreperez (2006). In other words,
the computerising of existing systems rather using than the “Google approach” to start
afresh does not make university search engines easy or useful and if search engines
are not perceived as useful or easy they will be unused — an example of waste.
Student skimming of journals was also a concern with 50% only reading the abstract
and possibly some additional pages. However, this fits with Rowlands et al (2008)
who noted that 60% of users read no more than three pages of journals. Effectively,
this means that one third of the students did not engage with the formal research base.
The findings that lower order thinking skills are more frequent (Head and Eisenberg,
2010) would appear to support this result as well.

The finding of students’ high attendance at lectures (totalling 97%) could be because
students who participate in voluntary questionnaires are possibly more motivated
generally and therefore more likely to care about their studies and attend classes
(which may bias these results). The availability of on-line lectures was to give
flexibility to the students and save space costs at the university — but the research
findings would appear to undermine both ideals. The lecturers’ preference for on-
campus delivery rather than on-line lecturing also indicates a different need for
physical space. Research (JISC, 2008:13) claimed flexibility over location was an
important factor in student university choice and a justification for more ITC — but in
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fact it would not appear to be a major factor in students choosing the university
construction courses.

The option for face-to-face contact with hard copy feedback (Table 1) (rather than on-
line, electronic feedback) showed to be a clear preference for students — which is
unexpected in an age of instant communication. In fact, students actually wanted
more face-to-face time with lecturers and tutors.  The majority of lecturers (72%)
preferred reading and marking student assignments on paper (rather than on-screen).
This possibly implies that the more established methods of teaching are more
comfortable which could be a generational issue within the lecturing community
(mode age 46-56 years) or that lecturers feel more in control of their work if they can
physically touch the paperwork. Importantly for the construction industry, more face-
to-face interaction was preferred by students and lecturers (confirming Njenga and
Fourie (2010: 209)).

The most useful application for both students and lecturers (Table 2) was email for
respondents when not studying (students) or not working (lecturers) followed by more
frivolous student applications (Facebook, music, Word, YouTube) and more serious
applications for lecturers (Word, news streams, Excel, Wikipedia). What was
noticeable however was the importance of Facebook for students (second most
popular) compared to Word (which was second) for lecturers — which may also be
indicative of maturity (lecturers being older and perhaps not as technically savvy) or
that lecturers have more self-regulation than students with regard to open non-
academic applications. This supports the views of Bennett et al (2008) of perceived
usefulness increasing when individuals are immersed and enjoy the interaction.
Students enjoy Facebook (but not academic search engines). Although Twitter was
offered as an option it never featured in the top five most used applications which may
indicate that students and lecturers were not as involved in social media as the
technopositives propose.

The potential for distraction is obvious with students finding it easy to switch from
task to task when working (Table 3) possibly because they need to do it more often
and is therefore practised — or because they have fewer formal applications open than
lecturers. Since students generally have more distractions and more applications
open than lecturers they are more likely to be superficial skimmers rather than deep
thinkers concentrating on a single task (Head and Eisenberg, 2010) and this could be
one of the root causes of any student disengagement (Convery, 2009). Some
students admitted to more than 12 applications open (Table 4) when studying and two
admitted to 11+ self interruptions per hour which equates to one interruption
approximately every five minutes. If (in the most extreme example) these same
students are also those interrupted 11+ times/hour from external sources then they
will be entertaining around 22 interruptions per hour i.e. approximately one every
three minutes. This makes them time-poor students with insufficient productive time
forcing them to skim websites to gather information for their studies. It also sets a
pattern of bad work habits for when they become employees and has implications for
future construction employers with their need for increasing productivity — and
increased use of ITC. It would appear that students are not self-regulating when
working because they have so many applications open. Frequent interruptions
minimise concentration. In contrast, lecturers had far fewer applications open
simultaneously and fewer interruptions (both self-generated and from external
sources).
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Finally, Table 5 connects the potential impact of the number of self-interruptions and
anticipated degree classification. For those with higher levels of self interruption
(11+) there is a certain level of optimism (two Firsts; one 2:1) which conflict with
Ophir et al (2009). However, realistically, these respondents could have been
indulging in some flippant behaviour. The 16 Firsts and the 15 2:1°s anticipated by
those with 0-2 interruptions per hour would indicate engagement and concentration
and support Kirschner and Karpinski (2010) and Bennett et al (2008).

CONCLUSION

The findings challenge the relationship between Government and the ITC industry to
employ more ITC in education for the supposed benefits of the students and educators.
Not all ITC is beneficial. The technoskeptics who could have provided the challenge
have inexplicably been excluded from the debate.

Students and lecturers value human interaction more than on-line connections as
shown by a preference for attending class and face-to-face meetings. This contradicts
much of the technopositivists’ argument. Similarly, students’ prefer technologies
which are easy and require little deep thinking indicated by shallow searching on
commercial search engines when studying and a disposition for viewing rather than
reading and absorbing information. This will not prepare them for the world of
construction employment. The acceptance of the new applications of ITC in general
(Table 2) among students and lecturers was lower than might have been predicted
implying that perhaps the level of ITC literacy and speed of adoption for both groups
may not be as high as was assumed by the ITC Department. The reason for this could
be economic (e.g. cost of devices in an economic recession) or lack of interest — or
even, perversely, lack of time.

ITC also provides distractions — particularly for students. Flexible switching between
tasks, multi-tasking on a wide spread of tasks while entertaining multiple interruptions
and (more worryingly) lacking the concentration time needed to develop critical and
analytical information skills have an effect on students’ anticipated degree
classification. Furthermore, the increased availability of ITC-supported leisure
applications has an impact on the time available for student concentration, in-depth
evaluation, output, engagement and self-regulation. In order to achieve the deeper
thinking required in higher-level education and in the construction industry, students
need to use ITC more selectively and to be aware of its powers of distraction.
Similarly, lecturers need to be consulted on just which of the vast range of ITC tools
available they will actually use.

The ITC industry will continue to upgrade its products which in turn will require
ongoing spending from user departments in order to retain technical support. The
push to integrate ITC further into construction education for diminishing returns is
almost inevitable unless the technoskeptics’ voices have equal volume to match the
Government and ITC-industry funded technopositives’ promotions. Unintentionally,
construction university ITC may actually be contributing to the “dumbing down” of
construction education — and ultimately the construction industry.

FURTHER RESEARCH

Greater validity to the results may be derived from a similar study in another
institution. In addition, follow up research as to the final degree classification
matched to the number of interruptions would also yield some interesting data.
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It is important that higher education provide students with competences that enable
them to maintain their employability in the professional environment. On the other
hand, research has confirmed the existence of a positive relationship between
education and job satisfaction by means of wages. Education-job mismatches are also
reported to have serious effects on a number of labour market outcomes. But the
consequences of educational mismatches (overeducation and undereducation) on
employees working as construction site managers and the defects of their higher
education have not been explored yet. This paper presents an exploratory study which
seeks to examine the educational mismatch experienced by building engineers
working as site managers, and analyses the relationship with job satisfaction. Using
an interpretive approach within the qualitative paradigm, semi-structured in-depth
interviews were carried out with a total of 34 Spanish building engineers. All were
asked about their higher education and about their first professional experiences
managing construction sites. More than half of participants confirm that the perceived
negative educational mismatch (undereducation) has a negative influence in their job
satisfaction, while the rest declare there is no effect. Undereducation also generates
additional negative effects such as insecurity, uncertainty, embarrassment, frustration,
work overload and waste of time. In order to overcome this situation, these
professionals have developed different strategies such as delegating tasks,
subcontracting and participating in training courses. Early conclusions are that
educational mismatches due to undereducation are an important cause of job
dissatisfaction for graduates in Building Engineering. Consequently, they may
negatively impact construction companies through productivity decreases of these
employees.

Keywords: building engineering, educational mismatch, job satisfaction, site
manager, qualitative research

! Joaquin.fuentes@uclm.es

? enavarro@omp.upv.es

Fuentes-del-Burgo J and Navarro-Astor E (2013) Do educational mismatches
influence job satisfaction? In: Smith, S.D and Ahiaga-Dagbui, D.D (Eds) Procs 29"
Annual ARCOM Conference, 2-4 September 2013, Reading, UK, Association of
Researchers in Construction Management, 237-247.


mailto:Joaquin.fuentes@uclm.es

Fuentes-del-Burgo and Navarro-Astor

INTRODUCTION

During the last decades research on education-job mismatch has grown to a
considerable size (Kucel and Vilalta-Bufi 2012), focusing its attention on developed
countries (Allen and van der Velden 2001, Kucel and Vilalta-Bufi 2011, Mavromaras
and McGuinness 2007). Evidence has shown that education-job mismatch is a
common phenomenon in different countries (Allen and van der VVelden 2001) and that
it causes undesirable effects in the labor market (Kucel and Vilalta-Bufi 2012).

Through education, individuals acquire knowledge, aptitudes and skills, and may
therefore increase their productive capacity, with monetary returns (Allen and van der
Velden 2001). In fact, there is a relationship between education and earnings that has
become a fundamental tool in the research on monetary returns such as wages and
income (Allen and van der Velden 2001; Verhaest and Omey 2006).

A literature review reveals a number of recently published studies in Spain focused on
the relationship between the education-job mismatch and job satisfaction (Badillo
Amador et al. 2012; Fabra and Camison 2009; Kucel and Vilalta-Bufi 2013; Peir¢ et
al. 2010). The study by Mora et al. (2007), centered on job satisfaction among young
European higher education graduates, has highlighted that Engineering graduates (in
general) tend to be more satisfied in their jobs than graduates in Humanities, Social
Sciences, and Law.

In Spain, in the labour market for the construction industry, the Law 38/1999 of
“Ordenacion de la Edificacion” (Town planning and development Act, Boletin Oficial
del Estado 1999), stipulates contractor’s responsibilities among which the
appointment of the “jefe de obra” (site manager). This professional takes charge of the
technical representation of the contractor on site and, due to his/her educational degree
level or site trade experience, must have the necessary training according to the
characteristics and complexity of the construction project. This implies that depending
on the judgement of the contractor, Spanish site managers will have different
educational backgrounds.

No official statistics informing on the qualifications of Spanish site managers have
been found in the literature review. However, according to Portales (2007, p. 8)
“building engineers are the most demanded professionals for working as site
managers” and Spanish site managers have a high level of University training
(Asociacion Espafiola para la Calidad 2007, p.42). In other words, there has been a
positive evolution in the training of Spanish site managers and, nowadays, most of
them have a graduate background in Building Engineering.

In relation to the Spanish term “jefe de obra”, it might be considered synonymous
with that of the site manager used in the UK and construction project manager used in
Australia (Haynes and Love 2004).

This paper aims at clarifying the role of educational factors in explaining job
satisfaction for building engineers working as site managers. Specific objectives are to
explore the educational mismatch experienced by them, to analyse its relationship
with job satisfaction and to describe the strategies used by building engineers to face
it. The research has been carried out in the Autonomous Community of Castilla-La
Mancha, using a qualitative methodology with semi-structured interviews that took
place between July 2010 and May 2011.
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VARIABLES OF STUDY

The study of job satisfaction has been approached from manifold viewpoints, which
have enriched its definition with different nuances. Thus, some authors state that there
is not a universal and agreed-upon definition as such for the term (Navarro-Astor et al.
2010). Here we use Locke’s definition: it is the result of a subjective evaluation of the
existing discrepancy between what people want from their job and what they perceive
they get from it (cited by Kucel and Vilalta-Bufi 2013, p. 1).

Although there exists a variety of factors affecting job satisfaction (Pajo et al. 2010),
which implies that it can be examined from different viewpoints by using different
categories (Schmidt 2007), in this research only education-job mismatch will be
considered with a one-dimensional approach to job satisfaction.

In relation to the second variable of study, educational mismatch, “a plethora of
definitions and conceptualisations have been developed, with a lack of consistency in
the terminology used. As a result, terms such as “overeducation”, “overqualification”,
“underutilisation” and “underemployment” are used variably and interchangeably”
(Scurry and Blenkinsopp 2011, p. 644). Educational mismatch may refer both to over-
and undereducation (Verhaest and Omey 2006). Workers are overeducated if the skills
they bring to their jobs exceed the skills required for that job (Groot and van den
Brink 2000) or when their formal qualification is higher than that required for carrying
out the job (Peiro et al. 2010). Symmetrically, an individual working in a job where
the required level of education is higher than his actual education is defined as
undereducated (Mavromaras and McGuinness 2007).

Allen and van der Velden (2001) are of the opinion that the terms educational
mismatch and skill mismatch are connected, since the first implies the second.
Education-labor mismatch refers to the level of discord between the job performed by
an individual and his/her education and skills (Kucel and Vilalta-Bufi, 2012).
Furthermore, other authors use another related term, “competence mismatches”
(Badillo et al. 2008). The level of professional competence is determined by the
abilities, skills, attitudes and knowledge possessed by workers, which may be lower or
higher than those required in their jobs. When this happens, there is a competence
mismatch in the job-worker pairing.

In this research, since interviewees did not differentiate between educational, skill or
competence mismatches, we use the general term education-job mismatch.

Research has shown contradictory results regarding the relationship between
education and job satisfaction. Some have found both positive or negative links
(Kucel and Vilalta-Bufi 2011), others indicate that the link is not conclusive (Albert
and Davia 2005), that “results are ambiguous in most cases” (Mavromaras and Mc
Guinness 2007, p. 281) or outline the existence of mixed results (Kampelmann and
Rycx 2012).

RESEARCH APPROACH

The sample is composed of 34 building engineers, who were recruited through
snowball sampling. Interviews have an average duration of 60 minutes.

Participants were 27 males and 7 females, within a 23-63 age span. 15% of
respondents were under 29 years of age, 23% between 30 and 33, 47% between 34
and 37, 12% between 38 and 40 and 3% were over 60. As regards their occupation 9%
were working as liberal professionals in construction project management teams, 6%
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had their own construction company, and 85% were working as site/construction
project managers or as team directors. The provinces where they were working at the
time were Cuenca (53%), Albacete (26%), Ciudad Real (12%), Toledo (6%), and
Guadalajara (3%).

In terms of educational background all of them had a degree in Building Engineering,
but had studied in various universities: 67% in Universidad de Castilla-La Mancha,
12% in Universitat Politécnica de Valencia, 12% in Universidad Politécnica de
Madrid, 6% in Burgos and 3% in Granada. As regards professional experience as site
managers, 21% had less than 3 years, 26% from 3 to 5, 35% from 5 to 10, 15% from
10 to 16 and 3% more than 25 years of experience. For identification throughout
transcriptions, participants are assigned a number.

Due to the qualitative nature of this research, we decided to use the method of worker
self-assessment (Hartog 2000) in an indirect way, by asking participants to describe
whether, compared to their education in Building Engineering, a higher, a lower or a
different education was needed for carrying out their job. They were also asked to
identify the strategies followed in order to solve potential education-job mismatches
and to think about the consequences of these gaps on their job satisfaction.

Interviews were recorded and transcribed. The ATLAS-ti software programme was
used for the analysis of the transcribed material. The exploratory analysis allowed the
finding of regularities, which in turn made easier the generation of codes and
categories. Relations between data and categories have been established by means of
an interpretative analysis, trying to describe the phenomena studied, with the aim of
developing a future theoretical model (Charmaz 2006).

RESEARCH FINDINGS

Identifying the educational-job mismatch

Few participants declare that the Building Engineering degree had properly trained
them for carrying out the duties of the construction manager. The majority report that
education had been partial or that it had not been useful. University studies do not
seem to prepare building engineers to play the role of the site manager right after their
degree. For some this is not a gap, they believe that universities cannot meet this
employability demand. “The Technical School offers you general training and you,
listening to professionals on site, they are the ones who teach you, especially if you
have little experience” (N° 33).

According to participants, undereducation was found in the following topics: business
management, labour management, financial management, construction management,
construction process development and site planning and organization. Some of these
results accord with Smallwood and Emuze (2012) who concluded that in South Africa
diplomats and graduates skills in planning and organizing should be improved. More
than half of the interviewees also mentioned having little skills regarding the use and
application of computer tools, and as a consequence felt under-skilled. “I wish they
had taught us, because we did not work at all with the tools that we used afterwards at
work” (N° 17).

Considering the study programmes published in the web pages of the Universities
where participants had studied, we have carried out an analysis of the credit
distribution assigned to different basic subjects established in the White Book of
Building Engineering Degree (ANECA 2004). Results are shown in Table 1. Indeed,
it clearly illustrates that the percentage of credits assigned to subjects related to
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Construction Management is below that assigned to Scientific Fundamentals and
Graphic Expression.

Marzo-Navarro et al. (2008) in their research about competencies of Spanish
graduates, concluded that university education shows weak points regarding scarce
practical training and a lack of basic professional knowledge and capacities. Building
engineers working as site managers would agree with this result, since they ask for an
increase in practical training on site and for providing a more applied content to most
subjects. Even though they have in mind the fact that the degree also entitles them to
develop different professional careers.

Confronting the educational-job mismatch

When talking about strategies or actions followed to solve the perceived lack of
knowledge, skill or competence at work, many participants used the following
expressions: “sort myself out”, “do anything”, “find the way”, “make it through”, “do
what you have to do”. These words involve a mixture of actions, strategies or, at
times, shortcuts to solve the problems and succeed when facing difficult situations.
Respondents described these behaviors as a positive trait of the building engineer
linked to a good decisive capacity and to life-long learning skills.

Table 1: % credit distribution in Building Engineering degrees in different Spanish
Universities (Source: Personal compilation)

Topic Subjects UCLM'  UPM? UPV® UGR® UBU’®  Mean
Scientific Mathematics; Physics 10.0% 9.9% 12.0% 15.4% 15.0% 12.5%
Fundamentals
Graphic Descriptive geometry; 12.3% 16.5% 15.3% 18.5% 18.0% 16.1%
Expression Graphic Expression
Topography
Building Materials; Construction; 26.4% 26.9% 27.3% 24.6% 26.0% 26.3%
Techniques & Pathology; Site
Technologies equipment; Construction
History
Building Structures; Facilities 11.7% 11.5% 12.0% 10.3% 13.0% 11.7%
structures &
facilities
Process Safety & risk prevention; 5.9% 8.2% 9.0% 5.1% 5.0% 6.7%
Management Quality; Organization,
planning & control
Applied Law & Applied Economics; 8.8% 8.2% 9.7% 11.3% 11.0% 9.8%
Economics Measurements; Legal
aspects; Valuation
Optional 19.2% 13.2% 10.7% 82%  4.0% 11.1%
Technical projects ~ Technical projects; Final 5.8% 55% 4.0% 6.6%  8.0% 6.0%

and Final
Undergraduate
Project

Undergraduate Project

TUniversidad de Castilla-La Mancha; “Universidad Politécnica de Madrid; *Universidad Politécnica de Valencia;
*Universidad de Granada; *Universidad de Burgos.

The strategies pointed out can be grouped in the following categories: use of internet,
asking colleagues and/or friends, bibliography research, queries to material suppliers
or subcontractors, gaining experience on site, training, studying notes, asking the
professional association of building engineers and subcontracting. As site manager N°
21 recalls, many participants face their lack of preparation for the practical aspects of
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work on site by carrying out a mixture of actions: “Trying to talk to colleagues,
reading documentation, books, internet, nowadays any of these”.

Internet has become a fundamental source for sorting out educational mismatches and
for fulfilling the lack of information and vagueness of architectural projects. Through
its use, construction managers can have fast access to technical and commercial
information, improving and making the task of document and record management
much easier. As interviewee N° 8 explains: “It makes your life happier”, or according
to another: “Internet which is a very useful tool, it has everything in it, lately I ve been
using it, you look it up in the internet and you find anything” (N° 10).

Not many interviewees refer to the hours invested in filtering the information obtained
from internet search engines, or in checking its veracity or applicability. But for some,
time devoted to research implies a productivity decrease or a waste of time: “In the
process of searching information many hours go by” (N°17). According to their
opinions, having a source of information seems to be more important than side effects
derived from processing, filtering and corroborating it.

Looking for advice from colleagues and friends is the second most quoted strategy
and it is clearly related to the social capital of the building engineer. Participants
accord a high value to this resource, as well as Spanish architects do (Navarro-Astor
and Caven 2012). Colleagues can be workmates from the same company or not, and
friends are usually classmates from University.

Advice required by site managers might be related to doubts due to the lack of
information in projects or to technical or bureaucratic problems raised during project
execution. Other matters have to do with information regarding subcontractors,
material manufacturers or construction systems. Finally, they also need to have an
initial guide where they can look for information. Promptness of the reply to the
enquiry is the fundamental aspect of this resource.

Spanish Building Engineering university degrees authorize graduates to the
professional practice of building engineering. Therefore, subjects’ programmes aim to
provide a general knowledge. On the other hand, construction projects tend to be
innovative and learning generated by on site problem solving remains with the
individuals and the tasks concerned (Winch 2010). It can be argued then that when
building engineers ask colleagues for help in problem solving, an informal knowledge
transfer actually takes place (Raidén et al. 2009).

None of the Spanish participants come from a site trade background and yet, they are
managing construction sites. It seems natural then that site work experience is
considered another essential element for overcoming the lack of practical preparation.
They use words such as determination, self-improvement, progressing, learning,
studying, asking, taking in, gathering information or being trained in their daily
working routines as site managers. They refer to the time and effort devoted to
develop professionally. In fact, the less professional experience they have, the more
education-job mismatches they perceive. When engineers enter the labour market,
right after graduation, they experience more education-job mismatches: “When you
start working you have no idea about anything, at the end you have to study
everything and well,.., at times you make mistakes, you get it right, you learn from
errors” (N° 10). These words accord with the argument that “mismatches are
temporary phenomena that appear at the start of a career and typically become less
frequent with age and labour market experience” (Mavromaras and McGuinnes 2007,
p. 281).
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These temporary mismatches could be cut down if construction companies used
mentorship programs with new graduates. These programs consist of pairing new
employees with senior staff on similar career paths, for providing professional
guidance and for checking appropriate on-the job training (Loosemore et al. 2003).
Furthermore, mentors facilitate knowledge transfer of job specific skills (Raidéen et al.
2009; Winch 2010), and of values, beliefs and ways of working (Fellows et al. 2002).

Regarding training, respondents participate in courses, study from books and notes
and browse the web looking for useful information. The common theme in all their
responses is the effort, the cost when paying for courses, the additional work and the
waste of productive time involved. Apart from the perceived lack of preparation
during their undergraduate studies, continuous technological improvements in the
construction industry and their will to develop professionally, have also pressed them
to follow this course of action.

When referring to all these strategies, some building engineers use words reflecting a
high level of individualism and a search for life-long learning. After all, the process of
studying and integrating new concepts is an individual and internal process, which
belongs to each person: “Doing training on my account, being self-sufficient and self-
taught... When I ve had an education gap I 've trained myself and I 've looked for
training in that matter” (N° 24).

At times, when participants admit being ignorant, not being trained enough for the
matter, not having time for training, a lack of necessary computer tools or a mixture of
all these, the fastest alternative to solve the education-job mismatch is subcontracting:
“It is not worth it. How much are they going to charge me for making the calculations
or for recalculating the framework? 200€? How long will it take to do it myself? 3
days? It isn't interesting for the company, it does not interest anyone” (N° 1).

In any case, the perceived mismatch, regarding both knowledge and skills, implies a
waste of time, work overload and/or a decrease in the performance of the engineer.
This research confirms other authors” results showing that a lack of preparation
negatively influences site managers” performance (Kucel and Vilalta-Bufi 2012).

Effects of educational-job mismatch on job satisfaction

For around one third of the interviewees these mismatches do not influence their job
satisfaction. Because they consider that university offers general training, not
specifically applied to the professional role of the site manager, educational gaps do
not affect them. It is a question of what they expect from the undergraduate
curriculum and what they get.

But more than half of the participants report that their job satisfaction is negatively
affected: “Mismatches affect badly, ... not being well trained you have to invest in
more education in order to balance out” (N° 8). This result accords with previous
researches (Allen and de Weert 2007; Kucel and Vilalta-Bufi 2012).

This negative consequence is increased when graduate site managers have to give
commands and supervise the work of experienced construction workers with site trade
background. The situation implies that the building engineer does not know whether
the task is being executed well enough, how it must be done or even if the final result
is correct. At times, feeling ashamed, they try to hide their lack of knowledge when
talking to either subordinates on site or to subcontractors: “In some matters you are
completely lost, and all you do is pretending. In front of the subcontractor you try not
to show that you don 't know a thing” (N° 22).
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Ignoring how to apply knowledge acquired at undergraduate education was an
important motive for dissatisfaction, due to the lack of preparation for the practical
aspects of construction works execution. “You“ve studied a university degree, but
when you get to the site you feel that you don 't know anything... But at the technical
school they don't explain many basic things, basic such as “you have to place the
terrazzo, place the skirting board and then spread the plaster”... nobody tells you the
basic ideas that could help when entering a site, you feel completely lost” ( N° 31).

Now and then, respondents used the metaphor of being “thrown in the deep end”
when describing their transition into industry. Lack of knowledge becomes
overwhelming and causes traumatic experiences such as the one described by a female
participant when recalling her first job as site manager: “In those days my heart really
sank, because I said to myself: “Oh my God! I 've been studying for 8 years and now |
am not going to apply anything because, honestly, this is really unsatisfactory and
disappointing. On site | felt like being punched up from all directions, the truth is |
had no clue where the blows might come from” (N° 30).

Other negative effects can be inferred from the following expressions: “feeling like an
ignorant” (N° 4), “frustration” (N° 31), “seeing oneself as inexperienced” (N° 12),
“uncertainty” (N° 5), “feeling completely useless” (N° 17), “being lost” (N° 5, N° 31),
“feeling uncomfortable” (N° 32) or “finding one self out of the game” (N° 32).

Additionally, some respondents point out that when having the adequate education for
carrying out the required tasks, they feel both job satisfaction (Badillo et al. 2008) and
personal satisfaction. Furthermore they feel confident about how to do things
correctly, being a positive feeling that could be transmitted to subordinates, colleagues
and company leaders.

Finally, in disagreement with previous results (Allen and van der Velden 2001),
overeducation of building engineers does not negatively affect their job satisfaction.
As an example, for a participant “education is never in excess” (N° 7).

CONCLUSIONS

Despite the limited size of the sample and qualitative approach applied to the research,
this study confirms the existence of educational-job mismatches in building
engineering, in relevant subjects for the work of the site manager such as site planning
and organization, construction methods and financial management. These may be due
to the difficulty of transferring the real construction site environment to university
classrooms. Nevertheless, the curriculum of Building Engineering degree programmes
deserves to assign more credits to subjects related to construction management.

The implication for curriculum development is twofold. On the one hand, practical
stages in construction companies during the last years of the undergraduate program
are encouraged. On the other, knowledge and skills should be taught with more
application to daily practices on site, following the procedures and using the computer
tools commonly used by construction companies.

In accord with results from previous researches, more than half of participants identify
a negative link between undereducation and job satisfaction. Nonetheless, a few point
out that overeducation does not affect them negatively. On the contrary, they feel
more confident, more productive and competent at work.

Furthermore, undereducation generates additional negative consequences such as
insecurity, uncertainty, embarrassment, frustration, work overload and waste of time;
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negatively affecting the productivity of building engineers. In order to confront this
situation, these professionals have developed different strategies such as delegating
tasks, subcontracting, making use of their social capital and practicing their life-long
learning skills by further studying and/or participating in training courses.

One of the limitations of this work is that it has not compared participants’ responses
with the curriculum of each of the Building Engineering degree programmes under
study. The number of universities involved, several study programme changes
occurred over the past twenty years as well as differences in subject approach, length
and requirements, due not only to teachers’ view but also to the number of credits
assigned, are some of the reasons for this limitation. This raises a research question of
interest for future works.
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Quality enhancement and quality assurance are the means by which higher education
institutions are monitoring to ensure the standards are maintained worldwide. The
views of students are in integral component in this process: as such extensive studies
have been conducted in this regard. The students' perspective, over a three year span
(2010 to 2012), on the design and delivery of a post-graduate capstone course that has
undergone a recent restructuring is presented in this paper. The research utilised an
anonymously e-assessed questionnaire: thirteen (13) closed-ended and two (2) open-
ended questions. The instrument was administered a week after the delivery of the
course. The results indicate a generally significant positive reception to the learning
and teaching strategies employed. However, the negative feedback also indicates the
level of dissatisfaction and lack of understanding of the intentions of the course
structure. The research can be used to guide others engaged in the development of
capstone courses to ensure quality is achieved from the perspective of the key
stakeholder - the students.

Keywords: quality, education, capstone course, e-assessment, student perception,
accreditation.

INTRODUCTION

Quality enhancement and quality assurance are the means by which higher education
institutions are monitoring to ensure the standards are maintained worldwide (Harvey
2001; Jones 2003; Lomas 2007; Blackmore 2009). The views of students are an
integral component in this process; as such, extensive studies have been conducted in
this regard (Harvey 2001; Edstrom 2008; Denson et al 2010; Fluckiger et al 2010;
Yueh et al 2012).

The Quality Assurance Agency for Higher Education (HE) is the body responsible for
safeguarding the standards of UK higher education and also assists universities and
other providers improve the quality of the learning experience (QAA 2012). The
Institution of Civil Engineers (ICE) along with three other professional engineering
institutes have joined together to form the Joint Board of Moderators (JBM) with the
intention of strengthening the links between HEI and industry (JBM 2009). One such
thrust would include a merger between the QAA and the JBM to establish guidelines

! leighton.ellis@sta.uwi.edu

Ellis L, Petersen A and Lewis T (2013) Assessing learning and teaching strategies of a
post-graduate capstone course: students' perspective In: Smith, S.D and Ahiaga-
Dagbui, D.D (Eds) Procs 29" Annual ARCOM Conference, 2-4 September 2013,
Reading, UK, Association of Researchers in Construction Management, 249-258.



Ellis, Petersen and Lewis

for checking output standards of degree programs (JBM 2010). The JBM adopted the
QAA's "Framework for Higher Education Qualifications in England, Wales and
Northern Ireland” (QAA 2009).

The Department of Civil & Environmental Engineering at the University of the West
Indies (UWI), St Augustine Campus, Trinidad & Tobago has a long standing
relationship with the JBM in accrediting its degree programs at the undergraduate and
postgraduate levels. Based on a previous visit to the University, the department was
asked to revise its programs to maintain its accreditation. Concurrently, a new
Strategic Plan 2007-2012 was put forward by the Vice Chancellor of the UWI that
required a number of desired attributes to be developed in the graduates (UWI 2007).
These recent events led to the restructuring process to redesign the learning outcomes
for its MSc programs of the Department as follows:

Lead and work within teams to identify and solve technical, business, social,
cultural and ethical issues in Civil Engineering both systematically and
creatively, make sound judgments in the absence of complete data, and
communicate their conclusions clearly to specialist and non-specialist
audiences;

Demonstrate self-direction, critical thinking and originality in tackling and
solving problems, and act autonomously in planning and implementing tasks
using Information Technology.

Continue to advance their knowledge and understanding, and to develop their
new skills to a higher level. Candidates will have the competencies, qualities
and transferable skills necessary for employment requiring: the exercise of
initiative and personal responsibility; decision-making in complex and
unpredictable situations; and the independent learning ability required for
continuing professional development as a practicing Civil Engineer.

The program learning outcomes were weaved in to the courses of the various
programs. This study focuses on a capstone course known as COEM 6025 - Practical
Team Project, hereafter referred to as the Course, with specific learning outcomes to:

Lead and work within teams.

Identify technical, business, social, cultural, and ethical issues for a given
Project.

Solve technical, business, social, cultural, and ethical issues for a given Project
both systematically and creatively, make sound judgments in the absence of
complete data.

Communicate conclusions clearly to specialist and non-specialist audiences.

Teaching & Learning Strategies

To measure the fore-mentioned learning outcomes industry techniques were
introduced as best practice into the Course developing five (5) innovative forms of
assessment: a bespoke 360-degree feedback questionnaire; Zero Tolerance; Institution
of Civil Engineers (ICE) Development Objectives (D.O.); an Interview and a Written
test (Essay) based on the Professional Review stage of the ICE (Ellis et al. 2011; Ellis
& Petersen 2011).

The teaching and learning strategy involved the students being placed in teams of five
members with each student role playing as leader for a weekly objective based on the
nine Knowledge Areas of the Project Management Body of Knowledge (PMI 2008).
Each student was given an opportunity to lead their team twice throughout the
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semester based on rotation of the roles of leader and team player. The teams were
assigned a client: an industry liaison or a staff member with industry experience. The
projects were hypothetical "real world" scenarios that required the students to address
learning outcomes 2 and 3 to produce a Project Plan. A marking criteria and rubric
was created for each form of assessment that allowed for quality control throughout
the process and to reduce the level of subjectivity in the evaluation. The interview
session was conducted by a pair of panellist that assigned the Essay question to each
student individually based on their contribution to the Project Plan and their personal
ICE Development Objectives.

The Course was delivered in the final semester over the 15 week duration. The first
week was used to introduce the students and assisting industry liaison, role playing as
clients on the project, to the teaching and learning strategies of the course. The
following ten weeks had weekly assessment conducted based on the bespoke 360-
Degree Feedback (learning outcome 1) and Zero Tolerance (learning outcomes 2 &
3). The ICE Development Objectives (Learning outcomes 2 & 3) were submitted on
week 13, while the remaining forms of assessment, Interview and Essay (learning
outcome 4) were conducted in week 14 based on all components previously covered
in the Course. These forms of assessment are described in detail in Ellis et al (2011)
and Ellis & Petersen (2011).

The students were invited to complete an anonymous questionnaire (Post Evaluation),
via an e-learning platform, following the completion of the Course (week 15) to
determine their level of satisfaction with its design and delivery as well as its ability to
advance their professional development. This study focuses on the Quality of the
teaching and learning strategies used in the Course in meeting the needs of the
students as a key stakeholder in the educational process over the period of three
academic years spanning (2010 to 2012). Quality is defined as "the totality of features
and characteristics of a product or service that bear on its ability to satisfy stated or
implied needs™ (BSI 1991). Green and Harvey (1993) in their study identified five
different approaches to defining quality; however this study focuses on one: as fitness
for purpose (meaning the product or service meets the stated purpose, customer
specifications and satisfaction).

LITERATURE REVIEW

Quality enhancement and quality assurance are the means by which higher education
institutions are monitoring to ensure the standards are maintained worldwide (Harvey
2001; Jones 2003; Lomas 2007; Blackmore 2009). In the study of Harvey (2001), it
was found that in the 1980s feedback from students concerning their experience in
higher education (HE) was a rare event. However, due to the expansion of tertiary
education and the greater concern with quality, the need arose for such practices. The
common practice is to collect the students’ views in the form of ‘satisfaction’
feedback. The feedback from students has two main functions: Internal information to
guide improvement and external information for potential students and other
stakeholders. Our research focuses on the former, but also looks at their reflection on
learning.

Harvey (2001) separated ‘satisfaction’ surveys in HE into five forms: (a) institution-
level satisfaction with a total student experience or a specified sub-set; (b) faculty-
level satisfaction with provision; (c) program-level satisfaction with the learning and
teaching and related aspects of a particular program of study; (d) module-level
feedback on the operation of a specific module or unit of study; (e) and teacher-
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appraisal by students. At the University of the West Indies, we are engaged in the
latter three forms of feedback, but this research is focused at only the module-level
feedback based on the Course. The University conducts a generic course evaluation;
however this study focuses on a course evaluation design to highlight specific aspects
of the Course.

Module-level feedback tends to focus on specific learning and teaching associated
with the module and is generally collected with the aid of a questionnaire as in this
research. One challenge with this form of feedback is the fact that the information
collected has little benefit to the students who provided the same (Harvey 2001).
While this is true, this research is also geared towards reflective learning for the
students thereby creating a benefit to both parties involved in the process.

It is said that there are a few common characteristics that are shared by student
evaluations of teaching (SET) regardless of their application (Sproule 2000; Algozzine
et al., 2004): (1) a mixture of open-ended and closed questions; (2) a single item
which addresses overall teaching satisfaction/effectiveness; (3) written comments
about the course or instructor; (4) anonymity; (5) responses are obtained at the end of
the term, in the absence of the instructor; and (6) responses are analysed.

Open-ended questions can be utilized in this process which provides a wider pool of
information and allows for more reflection on learning. In addition to the “what”
questions, the “why” and “how” questions can drive students to think deeper and
wider in their evaluation of their own learning (SEDL 2000). Due to difficulty in
analysing and the time consumed in arranging them, open-ended questions are
infrequently used (Harvey 2001).

Learning is not just a process of accumulation of information. It could be considered
as a network of co-existing ideas (Moon 1999) or it is about how the new knowledge
that the learner encounters is integrated with his existing schemata of prior knowledge
(Ong 2000). This new knowledge is a combination of experiences (action) and
thought (reflection) (SEDL 2000).

In the extant literature on the subject of reflection many of the authors promote a
diverse range of constructivist approaches in defining and explaining the construct,
drawing theory into practice (Donaghy and Morss 2000; Fisher 2003; Jones 2004;
McCollum 2002; Moore 2004; Price 2004; Rodgers 2002; Spalding and Wilson 2002).
Based on a review of the literature “Questioning” is seen as a practical inquiry that
requires critical incident analysis and develops higher order skills, such as analysing
and evaluating (University of Sydney n.d.).

When considering learning from the students’ perspective it requires us to: (1)
appreciate how students perceive our intentions as teachers and assessors; (2)
understand the institution’s intentions towards us in terms of evaluation; (3) design
and use methods of assessment that will contribute to deeper student learning; and (4)
choose evaluation methods which contribute to the development and improvement of
learning and teaching (University of Sydney n.d.).

One constraint that may exist with the feedback process and reflecting is the student’s
inability to critically reflect on their learning over the period of time (University of
Sydney n.d.). Some students may be better reflectors than others, however, throughout
the Course the students’ were given weekly opportunities to reflect on their leadership
abilities and the abilities of their teammates which would prepare them for this form
of feedback.
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Another important barrier to the effective implementation of this form of feedback is
the atmosphere in which the feedback is solicited. For students to feel open and honest
about their views, they must feel that they will not be penalized for their unfavourable
opinions (SEDL 2000). This issue is addressed by the anonymity of the data collection
in this research.

METHODOLOGY

A questionnaire comprising 15 questions was administered to the students in the final
week of the semester. The questionnaire was divided between closed-ended and open-
ended questions. Questions 1 — 10 were closed-ended and focused on the delivery of
the course and its relevance to the career goals of the students. These were measured
with the aid of a 5-point Likert scales, ranging from strongly agree to strongly
disagree. Question 11 sought to determine how the course could be improved from the
students’ perspective with an open-ended question. Questions 12 and 13 were focused
on the students’ leadership and the contribution the course may have made to its
improvement. Question 12 required a “yes” or “no” response, while question 13 was
open-ended. Questions 14 and 15 were geared towards to students' rating of
themselves on a scale of 1 to 5, based on their perception of their Professionalism,
Sustainability, HSE Management, Risk Management, and Design before and after the
course. These five areas were integrated into the design of the course as common
threads throughout the weekly objectives, forming their Project Plans, based on the
nine Knowledge Areas of the PMBoK.

The questionnaire was administered via the e-learning open-sourced platform, Moodle
(Heap et al 2004), termed MyElearning at the UWI. The students were asked to log
into the course online and complete the anonymous questionnaire to allow for
openness and honesty. The data was collected and analysed over a period of three
academic years (2009/10, 10/11, and 11/12) with a total of 69 of the 95 students
enrolled in the course over the period responding to the questionnaire.

The data was statistically analysed using One-Sample t-test and Paired-Sample t-test
in SPSS. The results have been presented in the following section.

RESULTS

In Table 1, the results indicate the levels of significance (P value) that have been
ascribed to questions 1 through 10. The level of significance used in this study was
p>0.01. The results in Table 1 indicate an overall agreement that teaching and learning
strategies used in the Course were effective. The students' indicated that the material
covered in the course was easily understood and original when compared with the
other courses. The students' were in agreement that overall structure and objectives of
the Course were clear; however they had a few suggestions as to how the Course
could be improved as indicated in their responses to Question 11. Attempts have been
made to improve the course. The system of feedback has been improved with an
increased use of MyElearning for submission of coursework and feedback outside of
the allotted class time. The "best" projects from each cohort are used as examples to
the incoming group to give a general idea as to the quality standard expected. This has
resulted in a consistent level of improvement in the quality coursework submissions.
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Table 1: Showing the results of Questions 1-10 using a One-Sample t-Test

Questions N Mean SD T df P
1. The material covered in 69 3.29 0.91 2.648 68 0.01
the course was easy to

understand

2. There was too great an 69 2.81 1.13 -1.387 68 0.17

overlap with other courses
in the Department

3. The overall structure of 69 3.23 1.15 1.672 68 0.099
the course was clear

4. The objectives of the 69 3.35 1.16 2.489 68 0.015
course were clear

5. The course load for this 69 3.25 1.17 1.752 68 0.084

course was comparable to
that of other courses in the
Department, taking the
credit into account

6. The feedback on the 69 3.22 1.07 1.689 68 0.096
marked coursework was

relevant to my career

objectives

7. The material covered in 69 3.42 1.29 2.711 68 0.008
the course was relevant to
my career objectives

8. lam glad | decided to 69 3.48 1.22 3.256 68 0.002
take this course
9. This course should be 69 3.48 1.23 3.225 68 0.002

compulsary for all M.Sc.
students in the Department

10. This course needs much 69 3.04 0.86 0.418 68 0.678
improvement

NB. Test Value =3

The respondents also indicated that the feedback received from coursework and the
materials covered in the Course were relevant to their career objectives. As
construction managers and engineers, the educational curriculum should have a direct
impact on the professional development of the students. The Course focuses on
leadership and team working on 'real world' problems that allow the students to role
play making critical decisions that could have long term effect on projects. The Zero
Tolerance approach to errors and omissions give the students' the opportunity to
change a culture of mediocrity for professional excellence. The 360-Degree feedback
allows the students to be aware of their leadership and its impact on the quality of the
project. As a result we have seen significant improvements over the 10 week period
(Ellis & Petersen 2011).

Question 11- In a few words, how could this course be improved?

The students’ responses to this question were varied, however most were in agreement
with their viewpoints. Ten of the most frequent responses are: clarity of objectives;
increased time; understanding of course; removal of ICE Development Objectives;
marks weighting of ICE Development Objectives; speed of feedback by clients;
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knowledge of other projects; becoming a member of ICE at the end of course; deeper
focus on PMBoK areas; and greater correlation between marking scheme and work
load.

The responses indicated a greater concern for one of the assessment strategies used in
the course: ICE Development Objectives. Greater focus has been placed in the
introduction week as well as continuously throughout the course to ensure clarity and
to give guidance to the completion of the document. The responses also indicated a
revision in the weighting ascribed to the various forms of assessment, which had 20%
assigned for each of the five forms. For greater satisfaction in these areas further
revision would be needed. However, it must be noted that this aspect of the course has
received favourable reviews from the successful JBM accreditation visit in 2011, and
was mentioned in their Annual Report as good practice (JBM 2012: 21):

"The Construction Management programme that actively encourages students to aim
for chartered status by using the format of the ICE Personal Development Objectives
in the assessment criteria."

As such, this aspect of the course will remain, with a greater level of importance being
expressed to the students for their understanding of its overall purpose to their
professional development.

Question 12- Do you think you are a better leader as a result of this course?

Of'the 50 respondents to this question, 90% indicated “yes” while the remaining 10%
indicated “no.” This reveals that the course, based on its project-based learning
design, was able to develop the leadership of the Postgraduate students. It is said that
purpose of construction education is to enhance leadership development while
preparing construction professionals to manage and lead project teams that extend the
organisations of owners, construction professionals, prime contractors, subcontractors,
suppliers and others (Chowdhury 2013). This course has taken a direct approach to
this topic of leadership.

Question 13 - If YES to question 12, how? If NO, why not?

A total of 50 students responded to this question. Based on the responses, 10 of the
most frequently used phrases are presented. The students indicated that the course
aided in their: self awareness; increased knowledge; conflict resolution;
communication skills; management skills; level of confidence; ability to delegate
effectively; understanding of different personalities; and people skills. The students
responding negatively said: the team was strong; the lack of feedback; straying from
intended process.

The responses would indicated that most students experienced positive improvements
within themselves, while others did not see a marked improvement owing to various
reason outside of the control of the course.

Question 14 - How would you rate yourself prior to this course on a scale of 1 to 5
(with 5 being the highest) on the various categories mentioned below?

Question 15 - How would you rate yourself after going through this course?
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Table 2: Showing the results of Questions 14 and 15 using a Paired-Sample t-Test

N Mean SD T df P
14a. Professionalism 50 3.54 0.76 -9.333 49 0.000
(Before) 4.34 0.52
15b. Professionalism (After)
14b. Sustainability (Before) 50 2.98 0.80 -11.513 49 0.000
15h. Sustainability (After) 4.12 0.56
14c. HSE Management 50 3.16 0.84 -8.359 49 0.000
(Before) 4.08 0.60
15c. HSE Management
(After)
14d. Risk Management 50 2.88 0.75 -11.002 49 0.000
(Before) 4.12 0.59
15d. Risk Management
(After)
14e. Design (Before) 50 2.64 0.90 -8.359 49 0.000
15e. Design (After) 3.56 0.99

The results in Table 2 have indicated high levels of significant differences between the
students' pre and post assessment of the respondents. These significant differences
indicate that the course has been very effective in incorporating the five aspects
throughout the course. Professionalism has been integrated with the aid of Zero
Tolerance to errors and omissions. The ICE Development Objectives has also assisted
in this 