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PREFACE

On behalf of the Research Institute for the Baid Human Environment, University of
Salford, UK, we welcome you to the annual Interorai Post Graduate Research
Conference for 2008 (IPGRC2008).

This year’s conference has created a number ofdecthe largest number of expressions of
interest, the largest number of submissions anatea#ly the largest number of accepted
papers. This is expected to be translated intdattgest number of delegates. You are a part
of this record breaking experience and we urgetgauake the most of this opportunity.

Research for a higher degree is by necessity avidgoal and often lonely process, this event
is one of the few opportunities that arise when gan expose your ideas, concepts, designs,
models, etc. to a wider audience than the normarsisory team from your host University.
Your ideas can be tested in front of an internai@tademic audience. You can expect to be
questioned on the substance of the research antheéti@odological approaches you have
adopted. Frequently, individuals in the audiencé lveive suggestions of how to modify your
research approach or suggest new authors to readnaly offer different insights into your
research area. Grasp these opportunities, anceibrétaks and at lunch or dinner, seek out
these people and maximise the benefit from a unogpertunity.

Making these contacts and networking is a normel glaconference activities, but we urge
you to take this further — turn those networkingntests into academic collaborators, and
then turn those collaborators into lifelong academends.

By doing this you will be validating the incredibdéemount of hard work that goes on to
deliver an event such as this.

As delegates you are free to move between parsdiesions, (please do so as quietly as
possible so that you disturb the presenters &s &itt possible —-many may be presenting at an
international conference for the first time!) batrrember that individual sessions are chaired
in such a way as to utilise the available sessime for the maximum benefit of session
presenters. We will endeavour to provide noticedsida the venues if particular
presentations will not take place, but we cannovigie timings other than that papers will be
presented within the allocated session time.

In conclusion, remember that the time outside efdhditorium is as important as the time
inside, we hope that you enjoy the conference amefit your studies from this opportunity.

It is not possible to name everyone that has dmunted to developing and delivering this
event. Indeed this event has benefited from evesyipus years event. We must however,
say a large thank you to our hosts for this yeaesne The Faculty of Civil Engineering, at

the Czech Technical University in Prague.

With our best wishes for every success in yourriacademic studies,

8" I nternational Postgr aduate Resear ch Confer ence Chairsand Organisers.
Salford, June 2008.



INTRODUCTION

Research in the Built and Human Environment israrraously diverse and complex subject
area. These proceedings present papers from whidleoone hand can be best described as
‘pure’ research to, on the other hand, very speeifiplications of particular technologies.

That in itself makes for an exciting conferencegsiit is likely that most delegates will be
exposed to completely new ideas or concepts at gminé during the proceedings. However
we recognise that students are also likely to berieim hearing about other people
exploring similar areas of study. To facilitatesththe conference has been structured into
themes, these themes will have allocated sessidmnish present papers from similar areas
within the Built and Human Environment or preseap@rs from different areas that are
following similar research methodologies.

The first theme iBusiness, Economics and Financial Management - this theme explores
the business environment in where the construac@mnpany operate and recognises that to
deliver the Built Environment at an affordable pricequires that decisions are made to
prioritise what is financially achievable from anstrained budget. This decision making
process is now evolving to consider the wholedifele ‘from cradle to grave’. This involves
examining the net present value of past, presedt fature expenditure. Selections for
construction solutions should then lead to the dpdty to manage the built environment as
effectively and efficiently as is possible. The gegpwithin this theme address models for
environmental change management, company stratagggement and input-output analysis
and import dependency

The second theme is themeHsople, Culture and Skills. This theme presents the ‘real’
picture. The delivery of a project is affected bydaaffects people. The citizen that
experiences the delivery of a facility, or the desir or consultant commissioned to create
such facilities, reacts to circumstances in idi@sgtic ways. This theme presents research on
our current attempts to either predict how peogeave in particular circumstances, or how
systems should be structured to accommodate indiVidehaviour without prejudicing the
successful delivery of projects. The papers in theame includes work on training needs,
personalised learning, virtual team working, theaidteam building, gender and site culture,
and human resource management issues.

The third theme,Design and Urban Development, is an all-embracing category that
explores all organised Built Environment that suppohuman existence. It sets the
parameters for how and why our Built Environmenpesrs the way it does. It expresses the
expectation of every citizen to have access td#smc amenities of life, all available locally
at an affordable price. The papers within this theaddress issues such as sustainable
settlements in flood prone areas, and old city wahethe utilisation of learning space in
higher education and community participation inemegration.

The fourth theme i$rocurement. Procurement is taken in its widest ambit and inetud
work on selecting designers, consultants, contracteub-contractors and suppliers. It
demonstrates alternative routes that can accommadbdatvast array of different constraints
that affect an individual project. The papers irs ttheme include work on value for money
uncertainties, a framework for infrastructure congmns, managing supply chains and
e-Kanban.



The fifth is Project Management. This theme concentrates on features that leathdo
successful delivery of project objectives. It loaksidentifying critical success factors for
different design solutions or procurement optidnhglentifies how the site based staff can be
most effective in attaining the aims of the clievhilst at the same time recognising the
constraint imposed on them by working for differemganisations. Papers in this theme
include programme management, schedules, time slelggtimising material logistics,
innovative manufacturing and project risk managdmen

The sixth theme isStructure and Material Science. This theme explores the current

advances in applying current structural principd@sl using existing materials for different

purposes or using new materials in constructingbuilt environment. The papers in this

theme include optimisation using Genetic Algoritirond stress of GFRP bars and concrete,
nano-indentation modelling, the experimental usalkéline-activated materials, and static

stiffness of anti-vibration mats.

The seventh theme I€T and Technology. The previous themes express the environment,
structures, strategies or behaviours to delivercesaful Built Environment. This theme
delivers the technological systems that interactetmble all citizens to experience a
satisfactory Built and Human Environment. The papir this theme include Global e-
readiness, GPS technology, predicting traffic notsgivering training using virtual classes
and ICT systems for small and medium enterprises.

The eighth theme iReal Estate and Facilities Management. Having taken design and
construction decisions which are constrained, é@nttbecomes essential to operate and
maintain those facilities to the necessary stand@amcheet expectations. The papers within
this theme include asset management of complexcishjeierarchical process mapping, risk
management and housing shortages, grounded thepligation for healthcare facilities, and
green healthcare facilities

The ninth and final theme iSustainability. Whilst there is no universally accepted
definition, the concept is perhaps best definethascumulative net long-term maximisation
of scarce resources to the benefit of the enticesgstem of our planet. This means that the
Built and Human Environment is under increasingspoee to maximise its effective
utilisation of all resources. The last in a longeliof sustainability issues is the current
massive surge in world-wide energy prices and ithential implications for society. Papers
in this theme include corporate social responsyhilbuilding sustainability index, eco-
efficiency modelling and roof-top rainwater harvegt

It also very apparent when examining the totalitypapers that the thematic approach is a
crude method of segregating papers, many of therpaguld quite easily be allocated to a
different theme, indeed the cross-cutting of themethin individual papers is very
noticeable. We would urge the delegates to cageéxamine the whole conference schedule,
examine the abstracts and key words of all therngagued create a conference schedule that is
customized to personal needs.

Theeditors
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Experimental Deter mination of Bond Stress of GFRP Barsand Concrete
J. ForriseK, R. Sovjak, P. Konvalinkd, J. L. ViteR

! Czech Technical University in Prague, Faculty ofiCEngineering, Experimental Center
Thakurova 7, Prague 6, 166 29
2Czech Technical University in Prague, Faculty ofiCEngineering, Department of
Concrete and Masonry Structures, Thakurova 7, Peagul66 29

Abstract:

The objective of this paper is experimental deteation and comparison of bond strength
between different types of GFRP (glass fiber reicéd polymers) bars and concrete. The
bond strength is affected by shape and roughnetbe atinforcement bar surface and is very
important for the right function of reinforced coate. The experiment for determination of
bond strength is called pullout test. During th&t 8 GFRP bar is pulled out of the concrete
cube and the displacement of the bar end is mehsGiteear stress develops between the
concrete and the bar. Based on the value of shemsshe results are compared. This paper
clearly shows that sand coated GFRP bar has thébed strength, which is even better than
for steel. Tests were executed from November 188620 April 3rd 2007 in Experimental
Center of Czech Technical University in Prague uftsgcof Civil Engineering.

Key words:
Concrete, FRP, GFRP, composite, bond strength

1. Introduction

There is a big emphasis at present time on sustairdevelopment that is projected to all

parts of human activity including building indust&tructures are built much faster and more
effectively. This requires new building materialedaindustrial processes. Composite
reinforcement made of polymer matrix (FRP barsbeffireinforced plastics/polymers bars)
with carbon (CFRP), aramid (AFRP), basalt or gl&BRP) fibers improve the properties of

building or reconstructions into new dimensionswduaer, the price of FRP composites is
much higher than common steel reinforcement. Coitgo@mature is made of carbon,

aramid, basalt or glass fibers, which are straiaed placed in the form and than cast in
polyester or epoxy resin. This technology is marergy efficient and more ecological than

steel production.

This paper focuses on experimentally determineddbstmength between GFRP bars and
concrete. The bond strength between reinforcenmahtancrete is one of the most important
characteristics for good function of reinforced camte and that is why it should be

investigated for all new types of armatures. Maiotiration of this paper is determination

which type of GFRP bar made by PREFA KOMPOZITY .ehas the best bond strength with
concrete.

2. Properties and possible usage of GFRP bars
Composite materials exceed steel with many of thatstanding mechanical and physical

properties (Table 1). The most notable qualities\ary high tensile strength, low weight,
low heat conductivity, chemical durability in aggséevze environment, corrosion resistance,
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non-conductivity and transparency for electromagneddiation. These properties can be
exploited for improvement of many buildings. Foaaxple:

- high tensile strength and low weight can be usedhamy new structures, mainly
simple beams and in combination with steel alsotiver structures. These qualities
also can be suitably used for reconstruction oftlddings, for example with carbon
fibers lamella or mat, which do not increase weightonstruction elements.

- chemical and corrosion resistance is very suitdbitebridges, chemical factories,
prefabricates for coastal breakwaters and othestoaction in coastal locations or off
shore structures where steel reinforcement wittioick cover or with non-corrosion
modification has no chance for long life.

- electrical non-conductivity and transparency faclomagnetic radiation of glass or
basalt fiber could be used for structures whereuadesirable high conductivity and
magnetic characteristics. For example:

- reinforcement of radio communication towers

- armature for covers of antennas (security appboali

- foundations and superstructure for NMR (nuclear me#g resonation)
tomography where high magnetic field could be pomdl For instance
buildings with superconductive magnets as cryostiats

On the other hand there are some disadvantages=BPGars that should be taken into
account: low modulus of elasticity, fragility anayh price. Low modulus of elasticity could
cause large deformations of structures where thRRGBars will be used. Usage of GFRP
bars is more demanding for workers discipline beeanf the fragility that predisposes GFRP
bars to break. Fragility is also a reason why GIBRE cannot be bent as steel. The expected
usage of GFRP bars is for strained or bend strastredtures. In other structures these bars
should be used in combination with steel reinforeatn

Table 1: Properties of reinforcing fibers in compan with steel

Qualities Units Stedl AR Glass Basalt Carbon
Tensile strength (MPa) 350-550 1400 4800 3500-6400
Specific weight (kg/m3) 7850 2700 2750 1700-1900
Modulus of easticity (GPa) 210 74 86 230-100
Extension (%) 0,2 2,0 3,2 0,7-2,2

3. Bond strength between concrete and composite reinfor cement
3.1. Characteristics of tested GFRP bars

GFRP bars were made by PREFA KOMPOZITY a. s. Kukdw/4231, 615 00, Brno.
Characteristics of the delivered GFRP bars wererdebhed by the manufacturer and are
shown in Table 2. Also characteristics of steeldmmparison are shown in Table 2.

Table 2: Characteristics of GFRP bars and steel

GFRP bar Steel
Modulus of elasticity E  (GPa) 32,5 210,0
Tensile strength fi (MPa) 471 350-550 (yield limit)

16



Good bond between GFRP bar and concrete is vergriant for right function of reinforced
concrete. Bond strength is affected by shape aodhmess of reinforcement bar surface.
Surface of carbon, aramid, glass or basalt FRP ibarsry flat so there is a need to roughen
or shape the bars. Shaping of the flat surfaceviatee shaped is made with one spiral shaped
string (Figure 1) or with two strings oppositelynded around the bar (Figure 2). Roughness
is increased by coating the surface with sand axgpesin (Figure 3).

Fig. 1. GFRP bar with one string Fig. 2. GFRP bar with two strings
(Samples 11 to 16) (Samples 21 to 26)

Fig. 3. GFRP bar coated with sand (samples 31 )0 36

3.2. Preparation of samplesfor pullout tests

GFRP bars were delivered 800 mm long with the $igelcdiameter 14 mm. Steel anchor was
attached to each bar for gripping into the jawstt@ loading machine. One test sample
consisted of one GFRP bar fixed in a concrete eutieedge 200 mm (Figure 4). The length
of GFRP bar fixed in the concrete cube was abeettimes diameter that is 70 mm. The rest
of the bar — 130 mm was separated from the conevéte a PVC tube for incoherency
guarantee. Bottom of the bar overhung the loweedalce from 15 to 20 mm. During the
concrete production sample cubes were made andressige strength was tested.

Samples were marked as following:

GFRP bars with one string had numbers 11 — 16, W#hstwo strings had numbers 21 — 26
and bars covered by sand had numbers 31 — 36.

17
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Fig. 4. mples for pullout
3.3. Characteristics of concrete

Following prescription was used for production aflof concrete:

Aggregate 0 - 4mm: 743 kg
Aggregate 4 - 8mm: 371 kg
Aggregate 8 - 16mm: 672 kg
Cement lI/B V 32.5R: 343 kg
Plasticizer Stachement: 0,7 kg
Water: 175 Kg
Water cement ratio w/c: 0,51
Abrams test: 105 mm

Cubic compressive strength was determined on culitesthe edge of 150 mm after sixty
days from production. That should match the timemvthe pullout tests were made. Average
compressive strength of concrete for pullout teshber 11 — 16 was 44,7 MPa for number
21 — 26 was 40,6 MPa and for number 31 — 36 was M@,a.

3.4. Pullout tests processing

Before the start of the test it was necessary totlpel sample correctly into the jaws of
loading machine and set up sensors. Manipulatidh the samples had to be careful because
of high fragility as described above and relatiighhweight of samples — c. 18 kg. Placement
of the samples into the loading machine:

- the sample was hung into the jaws of the loadinghime

- a steel 20 mm thick plate was set on the upperdidiee cube for equalized load on
the cube

- three inductive sensors HBM IWT 302 (marked as IVF 3) were stuck onto the
steel plate in circle along 120° (Figure 5)

- one inductive sensor HBM IWT 102 (marked as IWTwds stuck to the lower side
of the cube and its core was leaned to the overhgrmgpen end of the bar (Figure 6)

- potentiometer was connected to the movable he#tiedbading machine by line
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- the last step was linking the inductive sensors, flbtentiometer and the loading

machine to the data processing station HBM Spider 8
General scheme of sample fixation is shown in Fagur

Tests were processed on the loading machine t{g# 100, where was measured
force, displacement of the head with the concretgecand displacement of the inductive
sensors (IWT 1 — IWT 4). Noted values were readthmy data processing station with
frequency 5 or 2,5 Hz, units mV/V and were savedd the spreadsheet file. Values were
converted in the common units (kN, mm) after thigbcation of the sensors.

Test were performed in this way: movable head yrdsforce (velocity of loading
have to be slower than 20 kN/min) on the steelepletich pressed concrete cube down. Steel
anchor of GFRP bar was fixed into the machine jawe main monitored value during the
test was friction. Friction is the most importaniterion for determination of the bond
strength between concrete and GFRP bar. Test entled the GFRP bar was pulled out
from the coherent part of the concrete cube or wher-RP bar or the concrete cube broke.

Fig. 5. Upper view of sample setting Fig. 6. Bottom view of sample setting
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Fig. 7. Sample setting scheme

3.5. Shear stress

Average shear stress (ACI 440.4R-03, 2003) caralmellated:

_F
- c, 0 (1)
where:t - average shear stress (MPa)
F - gained force (N)
Cp — equivalent circumference (mm)
| —fixed length (mm)
Equivalent circumference of the bar was calculdiedn the specified diameter 14 mm
prescribed by the manufacturer.

3.6. Evaluation of the displacement of free and loaded part of GFRP bar

The displacement of the free end of GFRP bar ndedbe corrected by the elastic
displacement (ACI 440.4R-03, 2003) according toadigu:

FlL,
E A @

SC:

Where: & — elastic displacement (mm)
F — gained force (N)
Lc — distance between the upper edge of fixed leraftiihe bar and point of
attachment of the inductive sensors to the GFRRFrban)
E. — modulus of elasticity (MPa)
A — area of the bar (nfin
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Calculation of elastic displacement mainly depemnishe predicted modulus of elasticity and
the area of the profile. Modulus of elasticity wassigned as 32,5 GPa, this value can be
slightly different for each bar because of fibeessity possible variation. Also the area of the
profile does not reflect reality and that is whedk factors should be controlled when there
are some anomalies.

4. Evaluation of the pullout tests
4.1. GFRP barswith one string (samples 11 to 16)

Examination of the samples 11 to 13 proceeded fd8&111/2006 to 15/12/2006. Samples
with numbers 14 to 16 were examined from 2/4/2@03/4/2007. Each exam was performed
in temperature 18 — 20 °C on the loading machinee tifPZ 100 in the range 100 kN.
Inductive sensors IWT 1 to IWT 3 extended itselftle range from 9,0 to 11,5 mm and
sensor IWT 4 had extension from 2,2 to 2,8 mm. Muaxn gained force varied from 40 to 50
KN.

Shear stress was calculated as shown in Equatidhelfree end displacement (IWT 4)
and the loaded part displacement (average of IWA VT 3 minus elastic displacement,
Equation 2) was plotted against the shear stressirade seen in Figure 8. This represents
typical shear stress process of one string GFRPAgaording to theoretical predictions both
curves are same. However, there is sudden disptateat the loaded end (dashed blue)
when shear stress reaches approx. 8 MPa. Thid effexplained in chapter 4.1.1.

Shear stress
Pullout 13

el ____

----IWT 1-3 average minus
elastic extension

———

—— IWT 4 displacement

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Shear stress (MPa)

-2,0 0,0 2,0 4,0 6,0 8,0

Displacement (mm)

Fig. 8. Shear stress (pullout 13)

All tests had analogical process. Cracking of imdial fibers or groups of fibers began close
to the force 8 kN. Near this forces string windeduad the bar began to snap which was
obviously evoked by the effort of fibers to stratig
Sample no. 11 — process was analogical as desatimaa.
Sample no. 12 — process was analogical as desalimce. When the loading force reached
38 kN, the bar broke. Breaking of the bar influehogseasurement because the cores of

the sensors IWT 1 to IWT 3 were attached straiglie bar.
Sample no. 13 — process is noted above in thistehap
Sample no. 14 — from beginning of this test the BFRr begun to slip in the steel anchor so

that all parts of the sample are in the move indgdhe sensors. Sensors
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IWT 1 — IWT 3 noted only small elastic displacemand the sensor IWT 4
did not note any data. After achieving force ab®WN, slipping in the steel
anchor stopped and the test processed analogi¢thedssts noted above but
calculated values of shear stress were high ohger in the other samples.

Sample no. 15 — non-centric tension happened #radending of the bar owing to incorrect
placing into the jaws of loading machine. This affaaded to the breaking of
the bar. Measured values are not reliable and bieidaecause of human
factor failure.

Sample no. 16 — process was analogical as thel#¢siad 13. In the end of the test, the bar
was suddenly pulled out from the steel anchorctviieads to the rapid fall on
the sensors IWT 1 to IWT 3.

4.1.1. Conclusion of pullout test 11 to 16

Test processes were more or less analogical. GrgqaKi the fibers, snapping of the string
and bristling of the bar were observed for the dohegher than 8 kN. These effects were
caused by the eccentricity of the bar (Figure 9jctvlwas effected by the helix winding of
the string around the bar. Moments of flexion wareduced by eccentricity which is shown
in the Figure 9. Average eccentricity was aboutriirth. Tension in outer fibers rises over 60
— 70% because of the eccentricity. Concretely tigarforce 8 kN when begins cracking of
fibers, there was in outer fibers tension 85 MPath@dt calculation of eccentricity was
tension 52 MPa, that's considerable difference.s€heffects were raised with the curvature
of the outer fibers that had trend to straightemai§hten of fibers caused that the string is
gradually snapped off and individual fibers or grewf fibers separated out (Figure 9 — red
arrow) and broke — bristling of the bar.

Fiber curvature

Fig. 9. Fibre curvature and excentricity (pullo@) 1

According to the methodics of pullout tests implema¢gion (ACI 440.4R-03, 2003) was
requested to assign shear stress against displatefifeee end over 0,05; 0,10 and 0,25 mm
(Table 3). Results of tests 14 and 15 were notlwa into the calculation of the final
average shear stress. Differences between redulésts were caused by unknown factors.
Nevertheless it could be assumed that aggregateasitbn in concrete had important effect,
namely contact of aggregate with the GFRP bar.
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Table 3: Average shear stress of GFRP bars 11,3land 16
Displacement of open end (mm)

0,05 0,10 0,25

Average shear stress 7 1,816 MPa 2,180 MPa 3,134 MPa

4.2. GFRP barswith two strings (samples 21 to 26)

Testing of the samples 21 to 26 proceeded from1120D6 to 15/12/2006. Temperature in
testing room was 18 — 20°C. Samples were testetth@moading machine type FPZ 100 in
the range 40 kN. Inductive sensors IWT 1 to IWTxBaded itself in the range from 9,0 to
11,5 mm and the sensor IWT 4 had displacement &@to 2,7 mm. Maximum gained force
varied from 15 to 22 kN.

Shear stress was calculated from the Equation Jlntitd against the free end displacement
(IWT 4) and the loaded end (average of IWT 1 — I®@/minus elastic displacement, Equation
2). Typical shear stress process is plotted inRigeire 10. Negative displacement on the
beginning of the curve “average from IWT 1 — 3 naralastic displacement” (dashed blue)
was caused by deduction of elastic displacemetitmie when the sensors IWT 1 — 3 did not
read any or only the minimal values (displacemef®).~There is no effect of this on final
results.

Shear stress
Pullout 26

----IWT 1-3 average minus
elastic extension

e ——— IWT 4 displacement

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Shear stress (MPa)

4,0 6,0 8,0 10,0
Displacement (mm)

Fig. 10. Shear stress (pullout 26)

All tests proceeded according to the methodicsutlbpt tests implementation (ACI 440.4R-
03, 2003). There were observed no anomalies. Eaclwhs fluently pulled out from the
coherent part of the concrete cube (except sampleA3 can be seen in the Figure 10 there
was very small sudden displacement in contrast sathples 11 -16. This could be caused by
more regular and plane shape of the surface.

After the GFRP bars were pulled out of the conctieéee could be seen that strings draw off

the bars during loading. This caused that surfaosds its roughness (Figure 11). Because of
similar process of each test, there is no closscrijgion of the samples 21 — 26.
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Fig. 11. Strings draw off

4.2.1. Conclusion of the pullout test 21 to 26

There were observed no special effects of testaefGFRP bars with two strings. All tests
proceeded according to the methodics of pulloutstésmplementation (ACI 440.4R-03,
2003). It is not necessary to present any closscrgsion of this group of samples, because
of similar process of all tests. Average shearsstige presented in the Table 4.

Table 4: Average shear stress of GFRP bars 21.to 26
Displacement of open end (mm)

0,05 0,10 0,25

Average shear stress 1 0,874 MPa 0,955 MPa 1,157 MPa

4.3. GFRP bars covered by sand (samples 31 to 36)

Testing of the samples 31 to 36 proceeded fron2@0¥ to 17/4/2006. Temperature in the
testing room was 18 — 20°C. Samples were testetth@moading machine type FPZ 100 in
the range 100 kN. Inductive sensors IWT 1 to IWdx8nded itself in the range from 11,9 to
13,1 mm and sensor IWT 4 had displacement aboum6 Maximum gained force varied
from 36 to 40 kN.

Typical shear stress process is plotted in therEid2. As can be seen in Figure 12 there is
very steep rise of shear stress against smallatispients. That leads to very high bond
strength of this GFRP bar type.

Shear stress
Pullout 33

—-—-IWT 1-3 average
minus elastic
estension

WT 4

dienlaremen t

Shear stress (MPa)

-1,0 0,0 1,0 2,0 3,0 4,0 5,0 6,0
Displacement (mm)

Fig. 12. Shear stress (pullout 33)
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4.3.1. Conclusion of the pullout test 31 to 36

No special effect had been observed for the tekt® 36. All tests proceeded according to
the methodics of pullout tests implementation (A420.4R-03, 2003). Sensor IWT 4 had
broken for the tests 31 and 36. Samples 31 ande36a involved for calculation of average

shear stress. Calculated average shear stresssenped in Table 5.

Table 5: Average shear stress of GFRP bars 323438nd 35.

Displacement of open end (mm)

0,05

0,10

0,25

Average shear stress 1 6,290 MPa 10,117 MPa

12,302 MPa

5. Conclusion

In Figure 13 shear stress against free end digplacefor different types of GFRP bars and
common steel bar R 10505 (B 500) is compared. Bzirehgth of the conventional steel

rgzinforcement is calculated according to the CEB-FI990 model code Clervenka,
Cervenka, Jendele, 2006). Main conclusions are dgstliin the next few points.

Shear stress comparison

14,000 -

12,000 A
'
o 10,000 A
2
» 8,000 1
g
» 6,000 4
3
2 4,000 A
n

2,000 4

0,000 — . . . . .

0 0,05 0,1 0,15 0,2 0,25
Free end displacement [mm]
—4& - Pulloutl - - - Pullout2 —m— Pullout3 —e— R 10505 (B 500)

Fig. 13. Average shear stress comparison

* As shown in Figure 13, GFRP bars with one or twingthave poor shear stress
compared with high-bond steel bar R 10505 (B 5GHRP bars with one string have

more than 2,5 times worse bond strength and GFR®Pvaigh two strings have been

more than five times worse.

* GFRP bar coated with sand has better bond strehgthsteel bar R 10 505 (B 500).

Based on this experimental work it is recommendedde this type of coating for

practical applications.
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» Tensile strength of samples 12 and 15 was only®4id 325,0 MPa that was less
than expected 471,0 MPa claimed by manufactures ifldicates high unreliability
of this GFRP bar type.

* Cracking of fibers can reduce tensile strengtharfée’ string GFRP bars” for cyclic
loading.

* Aggregate allocation in concrete has importantotfée bond strength between GFRP
bar and concrete.

From previous points it is obvious that the mostadle type of surface modification is
coating with sand. GFRP bars with this modificati@ve much better bond strength than the
other two modifications with strings and than stesl R 10505 (B 500).
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Abstract:

Antivibration mats are the new and advanced elasilevay structure components used to
absorb the vibrations caused by the railway vehiclehe article does only mention the
antivibration mats produced from rubber recyclaidhe manufacture of this kind of
antivibration mats inflicts minimal harm on the @owment. The water absorption was
identified as the most important factor possibligeting other properties of the antivibration
mats such as static stiffness. There were five regué200 x 200 mm) antivibration mats
samples examined. Main property to choose the ¢ymmtivibration mats is static stiffness.
In the Czech Republic there are three categoriegadic stiffness divided by speed. At the
same time as water absorption, static stiffnessmeasured before and after the absorption.
The measurements were carried out under laboratorgitions and evaluated. A dependence
of the static stiffness on the absorptive capawis clearly proven. Water absorption of
antivibration mats can cause expressive changelastic properties.

Keywords:
Antivibration mats, static stiffness, water absmnpt

1. Introduction

Antivibration mats (AVM) are elastic planar elem&igharacterized by very good properties
in terms of vibration absorption. They are sucadBstised as a bottom or separating layer
between the source of vibrations and the surrognditructure or facility. They are
particularly applied in the construction and recangion of railway tracks (railways, trams
and underground) where by proper positioning thesuee limited transfer of vibrations from
the railway vehicle into the surrounding environé&rhey may also be used as elastic pads
under noisy machines or in foundations of buildinigsprotect structures situated in the
vicinity of various sources of permanent vibrations

A suitable material for all above-mentioned applaas is rubber. Its elastic and absorption
properties may well apply in here. The materialduse the manufacturing of AVM may be
classified into two categories. The first categmyepresented by mats produced of a new
material — synthetic rubber (elastomer), whichx pressly used for the production of such
items, while the second category includes AVM mafdecycled rubber.

The text below is devoted solely to AVM producedretycled rubber and used in the
substructure body construction. It deals with thebfems of this type of AVM behaviour
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whose permanent exposure to water effects causasgeh in some of their mechanical
properties (overall static stiffness).

1.1. AVM production of rubber recyclate

Due to increasingly growing trends of efficientlization of waste materials, manufacturers
have been focusing on the processing of used tgrggoduce AVM and other items of
rubber recyclate. These so-called wasteless tegbiesl are aimed at the maximum possible
regeneration of existing waste through its recychnd return to the market.

Recycling of used tyres is a source of high-quaiitgber granulate, which may further be
processed by bonding using polymer binders to prediifferent types of products. This
technology primarily uses elastic characteristitsubber, its stability, long durability with
relatively unchangeable properties and potentipéaged recycling if the existing products
become obsolete, useless or otherwise no moreaisabl

AVM are manufactured as planar, plate-shaped elssmand their shape must allow a
minimum number of joints during their laying. Indival pieces are joined together by a
system of locks, by gluing or sealing the jointshnadhesive strips, or they are mechanically
fixed to structures in other ways.

1.2. AVM usein substructure construction

AVM are usually laid on levelled and compacted saldg or on the substructure subgrade
surface. The method of AVM laying depends on theetpf application, but it is basically
always necessary to keep in mind that AVM of angdhass and toughness invariably need
solid and even ground. The load-bearing capacitythef subgrade must comply with
regulations laid out in Annex 4 to the SZDC RegolatS4 Substructure. The system of
joining individual pieces must provide long-terntesigth and impermeability of the joint.
Therefore, connection of plates and strips usimghthtt joint technique is inadmissible. The
AVM surface must ensure proper rainwater drainage drainage facilities. Commonly
produced AVM do not provide reinforcing, filtratipdrainage or damp-proofing functions.
The conditions of AVM usage and placing in struatdayers of the substructure body are
laid out in the model she€D Z 4.13 and in Annex 28 to SZDC Regulation S4 Suicture.

1.3. Requirementsfor AVM material characteristics

The basic material of which antivibration mats gm@duced must be environmentally
friendly and must be resistant to the followingeett:

* mechanical (transport, handling, storage, contatit surrounding material, loading
etc.),

» climatic (temperature, moisture content, solaraidn, ozone etc.),
» chemical (resistance to chemical substances anol@ain products),
» biological agents (mould, bacteria, rot, rodents),

* high temperature (fire resistance).
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The requirements for technical characteristicsrifvébration mats are laid out in the OTP
draft Antivibration mats in the substructure bodyhe main monitored AVM material
characteristics are:

« volume density,

* tensile strength,

* extension,

* hardness Shore,

* resistance to high temperatures,

* resistance to low temperatures,

e water absorption,

» electrical insulating properties.

1.4. Requirementsfor AVM elasticity characteristics
The requirements for technical characteristicsmdfvébration mats are laid out in the OTP
draft Antivibration mats in the substructure bodyhe main monitored AVM elasticity
characteristics are:

» static modulus of deformation,

e impact modulus of deformation,

» overall static stiffness,

» overall dynamic stiffness,

* increase in dynamic stiffness,

* resistance to cyclic load.
Antivibration mats for use in the substructure batystructions are selected according to

the value of the overall static stiffne€qA)stat and the design speed on the track as
displayed in Table 1.
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Table 1: Required values of overall static stiffie§antivibration matting in relation to
design speed

Design speed V in km.h™ Overall static stiffness Ciagar
in N.mm™
V<120 0.03 Coyom< 0.05
120 < V<220 0.05 < Gaua< 0.10
220<V 0.10 < Gam<0.15

2. Measurement of AVM water absorption

Five AVM samples of rubber recyclate by three ddéf@ manufacturers were selected for
absorption tests. The samples were marked as f®lldMv800-1 (Renogum — NILOS
company), FS700GR-1 (Pragoelast company), BELARBELAR-S-1, BELAR-HP-N
(BELAR company).

By water absorptionn] is understood the maximum amount of liquid soaiked the AVM
material after immersion into distilled water abno temperature expressed as a percentage
of the unsaturated sample weight.

In order to measure water absorption, samples awttrensions of 200 x 200 mm, randomly
cut out of AVM plates were chosen. Prior to thetsthtesting, the test pieces were measured
with a precision o 0.01 mm and weighed with a precisiontdd.1 g.

2.1. Measurement procedure and aids

After the determination of weight in unsaturateatest{V,) the test pieces were placed inside
a vessel and seated on plastic pads (preventintesheiece contact with the bottom of the
vessel and, at the same time, ensuring a minimumtacbsurface). Successively, the vessel
was filled with distilled water so that the watewvél would reach at least 2 cm above the
upper edge of the test pieces after their immersian make the test pieces sink, non-
absorbing plastic “strut braces” of circular cresstion were used minimizing
simultaneously the contact surface. These “stratds” were so long to push the test piece
into a suitable depth after the vessel was clolsed énsuring the necessary submersion. The
scheme of the test piece position during the gestident from Fig.1, while the real situation
is shown in Fig. 2.
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Fig. 1. Scheme of a test piece in the vessel

The test piece immersed as described above wasaramhiin various time intervals for a

period of 6 weeks. Prior to each measurement avéight and dimensions it was taken out
of water and put in a vertical position, was left drip for a period of 1 minute and

successively its dimensions and weight were detexdhito specify volume changes and
absorption capacity. All the time, the test piesese handled in a vertical position.

This methodology was taken over from the OTP diaitivibration mats in the substructure
body.

Fig. 2. Test piece in the vessel

2.2. Measurement results

The rate of absorptionis expressed by the formula:

n=100[(|v|t -M,)
MO

[%] (1)

where My...weight of a test piece after drying weighed in aivg[g],

M:...weight of a test piece saturated with water, wip&tth damp cloth weighed in
the air [g].

The measurements provide us with information onamby the rate of absorption itself, but
also the changes in the volume of AVM samples dutire testing period. The results of all
measurements are evident from Charts 1 and 2.
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3. Measurement of AVM overall static stiffness

The overall static stiffnesS)stat [N.mm?] is a basic elasticity characteristic of AVM. Rrio
to the start of absorption tests, overall statiffr&ss was measured on samples with
dimensions of 200 x 200 mm in accordance with thern@éan methodology (the test
procedure is described below). Immediately afterehd of water absorption measurements,
this test was repeated and the effect on changeserall static stiffness of saturated AVM
was determined.

3.1. Measurement procedure

A test piece is placed between two load plates iasdrted in an experimental hydraulic

press. The upper load plate is evenly fitted wadbrfpath indicators so that the test piece
compression may be monitored. The test piece deldan three loading cycles at a speed of
1 mm/min. The maximum value of stress in each measent cycle must reach the value of
the upper stress increased by 10 %. The minimunrevald stress in each loading cycle must
reach the value of the lower stress decreased IB.50he loading force and test piece

compression are continually monitored during logdindmila, 2007).

3.2. Measurement results

The results of overall static stiffness of unsatniaand saturated samples are compared in
Table 2 and Chart 6.

Table 2: Required values of overall static stiffie§antivibration matting in relation to
design speed

Overall static stiffness Ciaygar [N.mm™]
Unsaturated Saturated Difference
samples samples in %
AV800-1 0.175 0.142 19%
BELAR-1 0.057 0.054 5%
FS700GR-1 0.122 0.085 30%
BELAR-S1 0.077 0.072 6%
BELAR-HP-N 0.072 0.067 7%
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Chart 3. Comparison of overall static stiffnessin$aturated and saturated samples

4. Conclusion

The charts of AVM water absorption and overall istatiffness measurements lead to the
following conclusions:

* Volume changes in all AVM types exceeded 5% ofrtleeiginal volume, which is
undesirable in the substructure body construction.

* All AVM types exceeded the maximum water absorptdd 0%.

 The measurement of the overall static stiffnessun$aturated and successively
saturated AVM revealed that the overall statidrstiés of saturated samples is in all
cases lower than that of unsaturated samples.

This result was achieved with financial supportdrSMT CR, project 1M0579.
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Abstract:

This paper presents a structural optimisation basednodified distributed genetic algorithm
(DGA) as a family of parallel genetic algorithm.eltechnique is developed to deal with discrete
optimisation of steel portal frame. In order to éavrealistic design and imitate the displacement
and strength limitations, the DGA has been linkedBB85950 code of practice. Although the
appearance of steel portal frames is simple, mampticated limitations and different structural
criteria which are considered in complex structumesst be taken into account. As the behaviour
of steel portal frames necessitates using univéesan for both column and rafter, the algorithm
selects the universal beam cross-sections fronaredatd table given in code of practice. In
addition, it determines the minimum length and Hept haunch satisfying the limitations in
order to reduce the weight and reach the mosteftsttive form. Formulation of the design is
based on elastic method. The objective functidn terms of total weight of frame as it gives a
reasonable accurate cost of frame. A pitched rtesdl portal frame has been designed to check
its practicability.

Keywords:
Steel Portal Frames, Optimisation, Distributed Gierfgorithm

1. Introduction

Single storey buildings are widely used in the lWKs estimated that 50% of the single storey
steel work buildings are constructed by portal fan{Salter et al, 2004). Because of its
economy and versatility for large spans in consimacof pitched roofs like shopping centres,
warehouses, retail shops, pools, factories, etcsteel portal frame has become the most often
used structure within this sector. Furthermores¢haforementioned places need to have a large
span without using intermediate columns and theeeifonecessitates using steel portal frames
whereas the steel yields economical solution fogdaspans (Saka, 2003). A number of steel
portal frames are commonly available of which titehgd roof type is more popular. The design
of steel portal frames can be carried out usirfgeei¢lastic or plastic methods.

Any structural designer attempts to conduct an ecocal design. This can be achieved by
formulating a design problem as an optimisationbfmm and solving by a systematic way of
optimisation and considering the limitations of ade of practice to control the safety of the
structure (Toropov and Mahfouz, 2001). However, daelarge number of iterations in
implementing the optimisation technique, it canrm® achieved by using the designer's
experiences and intuition. Optimisation is a mathi&ral way to seek the minimum and
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maximum of a certain function. As the major cosstéictural steelwork is its own weight, it has
been endeavoured to minimise the weight using tesysic way of optimisation. In general,
optimisation technique in structural engineeringh cbe categorised into three different
approaches: 1) Mathematical programming, 2) Optitgnariteria methods and 3Heuristic
search technique (Camp et al. 1998). During thé¢ g@sades, the attempts have been made to
use any of the three aforementioned methods, sesx@mple the work of Rizzi (1976); Arora
(1980); Allwood and Chung (1984); Lin and Liu (198%risch (1991); Saka (1991); Chang
(1992) and Rozvany & Zhou (1993). Heuristic searmgthod became the best option for dealing
with discrete design variables, (Camp et al. 19@®@netic algorithm as a sort of heuristic search
method has been added to the optimisation techni@eeetic algorithm is the strategy that
models a genetic evolution (Holland, 1975; Goldbd&@B9). Its core characteristic is based on
the simulation of Darwinian ‘Survival of the Fittesheory and adaptation. A remarkable
advantage of genetic algorithm appears when it edatgequire an explicit relation between
objective function and constraints while this rglathas to be defined using the mathematical
programming and optimality criteria method. Genetitgorithm has been successfully
implemented in structural optimum design by marseeagchers during the earlier past decades
including the work of Rajeev and Krishnamorthy (2R9Adeli and Cheng (1993, 1994); Adeli
and Kumar (1995); Camp et al. (1998); Mahfouz (39%®zeshk et al. (2000); Kameshki and
Saka (2001); Toporov and Mahfouz (2001); Foley Sokinler (2003); Balling et al. (2006) and
Liu et al. (2007).

Genetic algorithm (GA) as a robust and efficierthteque can achieve the aforementioned
requirements. The simple genetic algorithm, howekas quite low speed process. Therefore,
the author has attempted to modify the simple GAriber to accelerate its operation. In this
paper a Distributed Genetic Algorithm (DGA) has o@hosen to minimise the weight of the

pitched roof steel portal frame satisfying the tations given in BS 5950 code of practice. As
the genetic algorithm is used for unconstraint [gwis, therefore a penalty is used to bring a
constraint problem into unconstraint one.

The basic mechanics of the GA is based on randdnpisEcedures of selecting and reproduction
of the population of individuals and copying th&eit individuals into the next generation. A
basic GA consists of three main operators; reprooilic crossover and mutation. In the
reproduction stage, a set of population are seleictemating depending on their fitness value
which represent the objective function including tpenalty function for any violation of
constraints.

2. Distributed Genetic Algorithm

In DGA, the performance of conventional GA is imped by some minor modifications in its
main algorithm that leads to quicker convergenag l@igher searching capability compared to
conventional GA (Starkweather et al. 1990; Muhlenlet al. 1991).

The DGA adopted in this paper can be describedrdizpto the following steps:

1) The parameters of DGA are specified.
2) The initial population are randomly selected foctegroup of population.
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3) The objective function of each individual designcalculated. This is achieved by
analysing the frame using the selected design blaga(area of the section) and
checking the feasibility of each individual withetltonstraints. For any violation of
the constraint, a penalty is imposed. The penal@gdctive function is calculated
(PF).

4) The smallest and largest penalised objective fand®@Fnmin & PFnay are specified.

5) The fitness function is evaluated for each indieiddesign applying the formula

FF=PFmnint PFnax—PFi Eq. 1(3-)
6) The average fitness value is calculated
PopNo
FR
- le Eq. 1(b)
" PopNo

7) The individuals whose fithess values are belowatlerage one are killed.

8) For the survived population new largest value ef plenalised objective function is
found which is slightly above the average fitheakig and the new fitness values are
evaluated.

lDl:inew = PI:smal + I:>|:Ina(regve - PFI Eq 1(C)
9) The probability of all the survived individuals aralculated using
PiSUfV = Surl\/:NIzi
Z FaneW Eq 1(d)
=1

10)Using the percentage of elitism, find the best vitllials among the survived
population of each group.

11)The rest of the population are undergoing the ones operation whereas the
increment rate is specified the number of offspyingduced by crossover operation
for each group of population.

12)For each defined interval of the generation, thgration is taken place. Relying on
the rate of migration, the best individuals of tp@ups (except that group 1) are
migrating to the first group.

13)The termination conditions are checked. In thiglgtuhree termination conditions
are used and if any one of them is satisfied therptocess terminates.

a. If during the 30 successive generations the fittedividual are not changed
or the difference between their fithess values aeey small, then the
termination will take place. The formula below slsotlie explicit relationship
between the fittest individuaF°*"°and a range of small vali&*"™°

F GenNo __ F GenNo-30

< RGenNo Eq . 1(e)

F GenNo

b. While the genetic process proceeds, the best oha$ are about to be
selected. That causes the average of the fitndsg ¥a converge the best
fithess value. Therefore, it necessitates defimingther termination condition
in terms of average fithess value so that the wdiffee ratio between the

average fitness value and the best individualrefis value is limited &&"°.
F GenNo __ Fave

Favg
c. When the maximum allowable number of generatioeashed.

<R™ Eq. 1()
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14)Each gen of the strings is mutated depending oadbeted probability.

GenNo— Ng i
en (pmax _ pmin E . 1
GenNc (P n) a- 1)

15)The step 3 to step 14 must be repeated until otfeedermination condition achieves.

Ngen — pmin
Pm en_Pm +

3. Analysis

The elastic analysis of the pitched roof steel glditame was conducted using two different
stiffness matrices. A conventional stiffness matixs applied for the prismatic member and a
derived stiffness matrix for non-prismatic membédreneby the haunched rafter was analysed.
The non-prismatic stiffness matrix was derived gsthe virtual work method and column
analogous (Ghali et al. 2003). Virtual work was lempented to derive the axial stiffness
coefficient. Whereas, column analogy was emplogedetive the non-prismatic stiffness matrix
for bending and shear effect. Accordingly, the bsidfness coefficient is:

E
K=—(A+A) Eq. 2
2L
while the stiffness matrix for shear and bendin¢Eischanges in terms oj:
S c _
— 0 0 -— 0 0
ZL(AHAZ) X : ZL(AHAZ) ) ;
0 x? q led 0 e d xzzd
I& Jg o 5 Jg o
0 L, 1 L? 0 L 1, L
fx—zdx 1 Ix—zdx J'X—zd 1 Ix—zdx
[S]= El El El El El El
E E
-— 0 0 — 0 0
2L(A1+A2) ) ' ZL(AHAZ) X '
0 X - le 0 x? x22
Jadx Jadx J'de J'de
0 L, 1o, L 0 ™ 1, L2
Jx—zdx idX Jx—zdx J'X—zdx Iidx >(—zdx Eqg. 3
L El El El El El El | q

In the special case, whéii is constantl; = L, andA; = A, then the stiffness matrix degenerate
to what is used for the prismatic members.

4. Design to BS5950

BS 5950 states that when an elastic analysis & fas¢he design of steel framework such as the
one shown in Fig. 1, the capacity and bucklingstasice should be calculated. It is required to
use the effective length equal to that betweenihiermediate restraints.
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Rafter, UB Section

Column, UB Section
Pinned Base

L2 | L2
L

Fia. 1. Typical pitched roof steel port

The members or portion of members restrained sheatsfy the conditions to ensure the
stability between two effective torsional restrainFor the prismatic members the following
requirement should be satisfied:

7+m7MA31

R M Eq. 4(a)
and for the haunch part (i.e. non-prismatic member)

F. M Eq. 4(b)

~t <=k

A S,

5. Optimum Design

In the design of pitched roof steel portal franiess common to have the same universal beam
section for the both rafters and a different ursaérbeam sections for the columns. For the
reason of economy, the same section of rafterad s produce the haunch. Fig. 2 shows more
details of the haunched rafter section. Therefthre,optimum design of the pitched roof steel
portal frame necessitates using two design vasablee for rafter and its haunch and another for
the columns. However, if it is necessary to uséebht section for the haunched section, the
number of design variables increases to three. ddere due to the complexity of the design
constraints in the formulation of the design prablenly vertical gravity load is considered at

this stage.
y

(N

tw

(a) w Yx

Dx

()

Yhx

e —
if y
Bf
Fig. 2(a) Longitudinal section of the haunchedeaafb) cross section of the haunched
rafter at the distancx from the near end (1) of the mem
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The design of pitched roof steel portal frame withunched eaves when the objective is
obtaining minimum weight and the constraints arpl@mented according to BS 5950 has the
following form of formula:

GrNo MemNo HauNo

Minimise w=w, +w, = > G, > L,+ > H, Eqg. 5 (a)
i=1 =1 k=1

Subjected to:
J <9, i=1, 2, 3 ...., JointNo Eq. 5 (b)
RAooMs j=1, ..., MemNo Eq. 5 (c)
Agpr MCXJ

P MMy 1 =1, ..., MemNo Eq. 5 (d)
APy My
P M k=1, 2, ..., TapMNo Eq. 5 (e)
AT,
R, :ﬂ” <1 n=1,2, ..., UniMNo Eq. 5 (f)

cn bn

Eq. (5b) checks the displacement of the joints.5B50 has limited the horizontal displacement
of the joints to column/300 and the upper limittbé beam deflection is span/360. Inequality
(5¢) defines the load capacity check for beam-calumth semi-compact or slender cross
section. Inequality (5d) is the simplified approaghthe overall buckling check for beam-
column. Inequalities (5e) and (5f) define the digbiconstraints for rafters and columns
respectively where the compression flange is uraiestd.

The solution of the optimum design problem is giueikq. (5a) necessitates selecting universal
beam section from the table of standard sectiomdtbers, columns and haunched section. This
manipulates using the discrete design variablegldmenting mathematical programming on the
discrete problems require discretising the problamiEh does not give an efficient solution and
is somewhat cumbersome. Alternatively, genetic rdlym can handle with discrete design
variable and can give the efficient optimum solatio

6. Solution by Distributed Genetic Algorithm

The optimisation of the pitched roof steel portahfie is based on distributed genetic algorithms.
The individuals (design variables) are the arethefstandard steel sections table. The author has
decided to formulate the mutation probability (E¢g)) to check its suitability and effect on the
convergence of the solution. The mutation probhbilias used as constant by researchers Adeli
and Cheng (1993, 1994), Pezeshk et al. (2000) akd 003, 2007). In addition, a probability
has been given to produce the greater offspring tha usual by the same parents (Fig. 3,
increment rate of population) to increase the numdfepopulation and likely get the best
individuals in the earlier stage of the solutions e DGA can only handle unconstraint
objective function, a penalty function has to béraduced to include the constraints in
calculations. There are different types of the Hgrfanction which can be used in GA such as
linear double segment, linear multiple segment gnddratic penalty functions (Adeli and
Cheng, 1994). In this paper the transformationhef ¢onstraints given in Eq. 5 is based on the
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violation of the normalised constraints accordimg following rearrangement (Rajeev and
Krishnamoorthy, 1992).

0 =2 _1<0 i=1, 2, 3 ...., JointNo Eq. 6(a)
- d,
F. )
(——+—")-1<0
g, = APy '(\)/lr“i j=1, ..., MemNo Eq. 6(b)
j =
(— L4y -1<0
APy My
P M
g =2 S« 10 k=1, 2, ..., TapMNo Eq. 6(c)
Py
g =(FoaMey 0 n=1,2, ..., UniMNo Eq. 6(d)
" Pcn Mbn

The unconstraint functio® is then constructed by adding the normalised caimgs to the
objective function as in the following

ConNo
P:W(1+C fzm) Eq. 7

m=1
WhereW is the objective function given in Eqg. 5(&)js a constant to be selected depending on
the problem under consideration which for this gtids taken as 10 and,, is the violation
coefficient determined as
If gn> 0 thenZ,=gn Eq.8
Ifgm< 0 thenZ,,= 0

Saka (2003) has designat€cas 10 after several trials he carried out. Theonsiraint function
(Eq. 7) is used to obtain the fitness value ofvittilials according to the Eqg. 1 (c). The chosen
number of population for each group was found aféseral trials to be 30. The adopted number
of group is 2.

For the purpose of implementing the DGA, softwargswideveloped by the author known as
Optimum Design of Steel Portal Frames (ODSPF). i®asic Language was employed to
code ODSPF. A part of software is depicted in RBgwhich shows up the input genetic
parameters.
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Genetic Pararneters, ODSPF

Individuals . Operators

Crogsover Probahility ne

Mo, of Population ﬁg—

Noti b araatan ﬁ.ﬁﬂ— Minimum Mutation Probability W—
Hetibeis ‘fy M aximum Mutation Probability [ﬁ':]—
Mo. of Population Group ré— Elitism and Migration

Mo, of Design Yanables |4 EliisLbrale 152—
Increment Rate of Population rm;— Migatnn e 10'2

Migration Interval 3

Clear ‘ Lancel ‘

Fig. 3. The genetic parameters which have beert fiopthis study into one of ODSPF

7. Design Example

A typical pitched roof steel portal frame with pethsupports was selected to test the efficiency
of the developed DGA. The relevant data and diagvathe structure are presented in Table 1
and Fig 4 respectively. The problem has already lseéved by Saka (2003) using simple GA.
Unlike the example designed by Saka (2003), thedras not subdivided into a large number of
elements of relatively small lengths. Instead, derall numbers of the frame members was
taken as six: two for columns, two for rafters dhe rest for haunched part of the rafter. This
outperforms the operation speed of the algorithrithadess number of members, the more speed
of the analysis of the frame will be, hence theveogence will dramatically be improved.
Eighty steel sections from the standard steel sadpifeen in Steel work Design Guide to BS 5950
are employed as design variables while Saka (2068) 64 sections to have @per limit. The
final optimum design is shown in Fig. 5. This acieié after 10 re-designs running of the pitched
roof steel portal frame with varied seeds as piteseim Table 2. Initially running the program
took place 50 times, but later it was found out th& optimum design obtained with 10 runs
revealed the same result as 50 runs. Thereforgafding the time of calculation, it was adopted
to re-design the frame in 10 times.

Tablel: The required data for design of the pitatoed steel portal frame

Purlin Haunch Depth Haunch Length
Span,| Column, Space P, Modulus of Range & Range & Increment
m m Pace. | N | Elasticity, E, kN/m . 9 9 i
m increment, cm m
20 5 1.25 5 200 10-74,&2 0.5-5,&0.25

1.50

1.25|1.25|1.25 1.25|1.25/1.25|1.25|1.251.251.25 1.25‘1.25‘1.2511.25v1.25v1.25

Fig. 4. The pitched roof steel portal frame of &xample
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It is observed from Table 2 that, whatever the nemdd generation increases, the likelihood of
getting the optimum or near optimum solution isedi. Due to inputting a smaller value for the
max mutation probability and consequently prematarevergence of Run 6, the optimum result
has been booked as heaviest. This was achieved3éfigenerations. The design carried out for
different applied load values and the best outputdllected into Table 3 with the associated
frame weight. It is clear that whatever the appl@at increases the weight of the frame turns to
be heavier and the depth of the haunch turned tenb&ler, because the heavier member
necessitates having smaller depth of haunch. Funtdre, the obtained designed is compared
with what was done by Saka (2003) using simple geragorithms. The implemented DGA
increased the speed of the operation and the cgpewee took place after 63 generations which
took 204 seconds of physical time (using Pentiud.4) GHz CPU, with 512 MB RAM). Also
the obtained depth of the haunch for each seeelssthan that designed using simple genetic
algorithms. The reason refers to the reductionumiver of considered members for design and
using the derived non-prismatic stiffness matrike Tdepth of the haunch is required to be less
than the section depth of the rafter. However, sofrthe design run reveals that the depth of the
haunch exceed that of the rafter. It thereforesesmthe requirement for adding another constraint
which will restrict any exceeds in the depth of llainch. This constraint could be definedas

< (D - t; - r) . This makes it possible to use the same secfidgheorafter for the haunch. By
making a comparison between Fig. 5 and Fig. 6, ah de realised that adding the
aforementioned constraints resulted in a heavaanérwhich caused an increasing in the weight
by 20.02%.

Fig. 7 shows the convergence of the problem intimapn solution. After reaching the 63
generation, the best individual dominated consikteim the population. This refers to the
application of elitism and migration strategy whiclaused a convergence within a few
generations. As a consequence, it saved the timsuoting for checking the constraints and
performing the analysis accordingly. Fig. 8 demictee percentage of domination the best
individual after certain number of generation.

Table 2: Result of the optimum solution from diéfat Run for P=5kN

Section Designation Depth of | Length of| Generation No, ,,, .
) Weight,
Run Column Rafter Haunch, | Haunch, | for Opt_lmum kg
m m Design

1 457x191x89 UB| 356x127x33 UB 0.38 3.00 59 156p.3
2 457x191x74 UB| 356x127x39 UB 0.40 3.25 71 1530.3
3 457x191x89 UB| 356x171x45 UB 0.36 2.75 46 190p.7
4 457x191x74 UB| 356x127x33 UB 0.40 3.25 63 15156.9
5 457x191x74 UB| 356x171x45 UB 0.38 3.50 49 1774.8
6 457x191x98 UB| 356x171x67 UB 0.32 1.50 36 2415.8
7 457x191x74 UB| 356x127x33 UB 0.42 3.50 64 1528.6
8 457x191x74 UB| 356x127x33 UB 0.42 3.25 67 1520.3
9 457%x191x82 UB| 356x171x67 UB 0.30 2.0 41 2124.2
10 | 457x191x98 UB| 356x127x33 UB 0.28 1.75 48 1694.6

43



457 x 191 x 74 UB

10.00m

1.50m

457x 191 x 74 UB ||| 5.00m

Pinned Base

10.00m

Fig. 5. The best optimum design from 10

533

406 % 140% 39 UB

x210x 92 UB

10.00m

533x210x92 UB

406 x 140X39 Ug

Pinned Base

10.00m

Fig. 6. The best optimum design accounting the tladepth

Table 3: Optimum design parameters for differeatllgalues

Load P, Section Designation 32?:1(3? Length of | Weight, V\ée;gsh;,klgg
kN Column Rafter m Haunch, m kg (2003)
5.0 457x191x74 UB|  356x127x33 UE 0.40 3.25 15159 2115
7.5 610x229x101 UB 406x140x39 UB 0.36 3.00 1893.6 1903.7
10.0 610x229x101 UB 406x178x54 UB 0.26 3.00 2202.9 2260.(
20.0 610x229x140 UB 533x210x92 UB 0.14 2.25 33343 3224.(
30.0 914x305x210 UB 610x229x101 UB 0.12 2.75 41418 4197.7
2500 -

2000 - - ) u —

D00 | T o P, HEEEN

= g HE BN N

21000 HEEEN

2 3 EEEEN
500 HEENEN

EEEEN
0 B

20 40
Generation

60 80
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100

4 5 6 7 8 9 10
Number of Run (Seed Value)

Fig. 7. Converging of the design to
Optimum Solution when P=5}
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8. Conclusion

The distributed genetic algorithm was presentddtestigate the optimum design of the pitched
roof steel portal frame. The algorithm was linkedatdata base containing the standard universal
beam sections table. The performance of the algorivas checked by comparing it with the
simple genetic algorithm. The design obtained bpgushe DGA was slightly lighter than the
design obtained by simple genetic algorithms. Iditamh, the optimum design was achieved
after a small number of the generation. This shthesgreat capability of the DGA to converge
into the optimum or near-optimum solution rapidifhe derived stiffness matrix for non-
prismatic member played the great role to redueedépth of the haunch and consequently the
total weight of the structure. In fact, it couldnide the analysis of the frames with tapered
members. Using the seed, representing the numb@¥sagn running increased the likelihood of
getting the best design among different runs. Tihiproves the possibility to cover more
domains of the design spaces. As a result, it piatBneliminates any entrapment into local
optimum. The developed software ODSPF uses DGAdéned stiffness matrix and formula
of the mutation to reach the optimum solution @estportal frame within a certain number of
generations. By gradually decreasing the mutatiaibability as the generation increases, the
premature convergence of the solution (which cdaltl to a non-optimal solution) can be
avoided. Producing more offspring raised the likedid of having the best individuals in earlier
stages of the solution.
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Notations:

A; andA, : The areas of member ends

Agi: Gross cross sectional area of the member
ConNo: Total number of the constraints

Dy, Depth of the flange

E: Modulus of Elasticity

Fve Average fitness value of the population

FF Fitness value of individuals

Fee™°  Fitness value of the current generation

Fi: Applied axial force at the critical region ofeth
membelj

GenNo: Number of generation

Gn: Group of member from the table of standard
sections

GrpNo: Number of population group

Hy : Weight of the haunched eaves

l: Moment of the inertia
JointNo Total number of frame joints

K: Stiffness Coefficient

L: Length of the member

Ly: Member weight

m: Equivalent uniform moment factor

M Equivalent uniform moment

Mp buckling resistance

My, : Buckling resistance moment capacity for
memberj about its major axis (Clause 4.3.7
of BS5950)

Mei:  Moment capacity of the member about the
major axis

My Applied moment in member k

My - Bending moment around the major axis at

the critical region of the membgr
MemNo: Total number of the members

Nge, : Current generation

Po Bending strength

P. Compression resistance

P.: Crossover probability

P : Compression strength obtained from the
solution of the quadratic Perry—Robertson
formula

Pen: Increment rate of population

Pe : Elitism rate

P Survival probability of the individual

P : Mutation probability
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Py :  Maximum range of mutation probability

pP™ : Minimum range of mutation probability

P,TTGE“ : Mutation probability in current generation

Pmig:  Migration rate

Py : Bending strength

PF Penalised fitness value of the individuals

PFnax Maximum penalised fithess value of the
current population

PFnin  Minimum penalised fitness value of the

current population
PopNo : Number of population in each group

r root radius of the universal beam section

S plastic modulus of a section about x—x
axis

TapMNo: Number of tapered members

t; Thickness of the flange

UniMNo : Number of the uniform member

o Displacement at joint

O Upper limit displacement of the joints
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Abstract:

Optimization of material parameters from a finiteereent nanoindentation model is
discussed in this paper. An experimental methodedahanoindentation allows testing
physical properties of heterogeneous material énsttele of their components. This testing is
very expensive therefore it is effective to use mtoal models. The target of the
optimization is to find input material parameteos the model to achieve the best agreement
between the numerical response and the experifenthat, a forward mode of the inverse
analysis was applied. As an optimization algoriththe multi-objective evolutionary
algorithm PAES was used. Objective functions areedaon a difference between an
optimized curve and a result from the model. Resoiitthe method are presented on a set of
illustrative problems created by computer-generatiadla. From the point of view of
efficiency and accuracy, the proposed methodolagyiges a promising alternative to the
existing approaches.

Keywords:
Evolutionary algorithms, Inverse analysis, Multij@ttive optimization, Nanoindentation,
Pareto set.

1. Introduction

A variety of engineering tasks nowadays lead tanarrse analysis problem. Generally, the
aim of an inverse analysis is to rediscover unknomputs from the known outputs. In
common engineering applications, a goal is to deitex the initial conditions and properties
from physical experiments or, equivalently, to fiadet of parameters for a numerical model
describing the experiment. Therefore, existenceugh numerical model is assumed in this
work and the task is to find parameters of this eddd match outputs from model with
results from the experiment.

In overall, there are two main philosophies as mtsm of this problem. Aforward
(classical) mode/direction is based on the definitof an error function of the difference
between outputs of the model and experimental measnts. A solution comes with the
minimum of this function. The second philosophy,iaver se mode, assumes existence of an
inverse relationship between outputs and inputsutth relationship is created, then, the
retrieval of desired inputs is a matter of secoyetgepeatedly.

An application of aforward modeis introduced in this contribution. As a goal, the
identification of material parameters of a finileraent nanoindentation model is presented.
Generally, the forward mode leads to a multi-modptimization problem. Here, this
problem is solved by a multi-objective solution.
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2. Nanoindentation: the method and the model

Nanoindentation is an experimental methodn{i&ek et al., 2006), which allows testing the
physical properties of materials on the scale o tigpical dimension of individual
components. It is based on loading the testing mahtey a very sharp and rigid point (see
Fig. 1). This testing is very financial demandimgnce it is useful to use numerical models
instead. Because the loading imposed by the indértteduces highly heterogeneous stress
and strain fields, the extraction of the materiatgmeters from the experiment is far from
being straightforward. In particular, the closeddforelations are available only for the
simplest material models (linear elasticity); moealistic constitutive description leads to a
large-scale computational simulation based on, #hg.Finite Element Method. The problem
then is to calibrate the material parameters ferdhosen discrete model to achieve the best
agreement between the numerical “response” anexperiment.

B,

Fig. 1. Picture of indent from atomic force microge (left) and nanoindenter (right).

In this case physical properties of the cementepast tested. Specimens are characterized by
a 30 mm diameter and a 4 mm height. The water-ceraga (w/c) is equal to 0.5; a Portland
cement CEMI 52.5 N is used. For indentation, Bergiog indenter with pyramidal shape is
applied. The loading is cyclic and is driven byoace in a short period of time (only several
minutes). The whole experiment consists of fivedlng and unloading periods with a small
constant force period aimed at creep developmestFgy. 2.

The numerical analysis was implemented using thdNXDsoftware (Adina, 2005). The
spatial problem could be solved as a planar prolifeEanks to axisymmetry {§a, 2005). A
finite element mesh is decomposed into 1800 isopendc four-node elements and is refined
around the tip. The indenter is ideally rigid am@ tcontact between indenter and paste is
updated every iteration.

To properly describe cement paste non-linear behagi combined visco-plastic model was
chosen. The tensor of the total strain is compao$ddree parts:
e=e+e"+¢"
whereeF is time independent elastic part,
e is time dependent creep strain and
e” is time independent plastic part.
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Fig. 2. Typical evaluation of indentation test: teys. time curve.

An effective creep strain is described by the pogveep law:
SC — aoo,a]_taZ

whereay, a; anda, are free model parameters. Remaining tuning paesare Young's
modulusE and the yield stresg;. Bounds for parameters for the identification st&ed in
Tab. 1.

Table 1: Bounds for nanoindentation model pararseter

Parameters |Units Minimum Maximum
E GPa 15 45

oy MPa 20 600

ao - 1.32-10° [1.32.10*
a - 0.49 2.50

a - 0.05 0.55

3. Identification algorithm

The gradient-based methods are usually considerée the most computationally efficient
optimization algorithms available. For the curremidel, however, analytical determination
of sensitivities is fairly difficult, mainly due tthe history dependency of the model as well as
complex interaction of individual parameters. Asadternative, techniques of soft-computing

51



can be employed for optimization of complex objeetfiunctions (Hrstka et al., 2003). The
single-objective optimization using Radial Basisn&tion Networks and evolutionary
algorithm GRADE was tested recently without satisfay results (LepS and Vitingerova,
2007).

A majority of realistic optimization problems dotrmely on one objective function only but

require simultaneous optimization of more objectivactions. Several contradicting goals
should be satisfy simultaneously, therefore theitsm is found as a compromise satisfied
partially all of them. One of possible approacheimerge all objective functions together,
for example using weighted sum.

Another approaches search the solution as a sesobftions. Here, multi-objective

evolutionary algorithms are usually applied. Thalac concept of optimality has to be
replaced with Pareto optimality within the multijettive optimization. Pareto optimal

solutions present a set, for which no better set ba found while minimizing (or

maximizing) all objective functions together. Thesult of optimization is found as a Pareto
set that is a set of Pareto optimal solutions.

No application of the multi-objective identificaticalgorithm has been published yet to the
best knowledge of authors. Several applicationth@fmulti-objective approach can be found
e.g. in the domain of material design, see, fotamse, (Egorov-Yegorov and Dulikravich,
(2005)) or a special issue of Materials and Manuf@tcg Processes (2007). However, multi-
objective solution for identification purposes seetn be authors’ invention. Oppositely,
single-objective identification is quite common aadlot of applications of evolutionary
algorithms can be found. For example, ¢{Erova et al., 2007) published a meta-modeling
optimization using a Radial Basis Function Networto obtain concrete parameters on
a macroscopic levelsenetic programmingpplied as an interpolation tool is shown on the
identification of parameters of nanoindentationt tey (Toropov and Yoshida, 2005).
Effective combination of &eneticAlgorithm and aBack-propagationNeural Networkis
presented in (Pichler et al., 2003). Last but rast, (Most et al., 2007) present utilization of
results from @Neural Networkas starting points to a gradient-based optiminasiearch for
concrete parameters.

Our optimization procedure was based on an evalatip algorithm called Pareto Archived
Evolution Strategy (PAES) (Knowles et al., 2000ack individual in optimization represents
a unique set of input parameters. PAES in the sstplersion 1+1 was used; this version
works only with an individual and not with a popuda. All so far found Pareto optimal
solutions are stored in an archive, which represétdreto set. PAES does not use the
crossover and the selection is replaced by updatieg archive. The flowchart of the
algorithm is shown in Fig. 3.

In our approach, two objective functions were uaed both were to be minimized. The first
function was the mean square error between thettatgve and a simulation:

2
! hex i hsim,',i
i=1 expi

whereheyp,iis the depth in thieth time step on the target curve and
hsim i IS the depth in theth time step on theth simulation.
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Fig. 3. Flowchart of PAES.

The second objective function was based on therdifice between “shapes” of two curves
by minimizing the errors among slopes of the gigarves:

2
(dexpj - dsim,j i ]
dEXPi

t
D, = Z
i=1
whered, =u,
i Ya
tj is thei-th time and
ti+1) is the { + 1)-th time.

4. Reaults

Following figures show the final Pareto set aft@0 iterations. We tested three different
curves generated by computer as a target; thereferean judge not only the shape of curve
(bigger graph) but also the precision of parameséimation (smaller graph), see Figs 4 - 6.

Apparently, the shape of target curve (the blaake&uand shapes of curves from the final
Pareto set are very similar, but not all paramedeesfound exactly. The successfulness in
parameter estimation corresponds with their impmeaon values of objective functions. For
example, the curve | (Fig. 4) has bigger creep de&dtion than other curves, and therefore
final parameters are more accurate in estimatiopasdmeters ggg, which influence the
creep strain. In other words, the error in estiorabf unimportant parameters has minimal
influence for the final value of an objective fuioct, therefore, more parameter sets can
produce equally accurate results.
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5. Conclusions

Multi-objective optimization of input material pan@ters for nanoindentation model was
presented. Particularly, multi-objective formulatiovas tested. Our current results from
multi-objective approach indicate the proposed wetths very promising. The performance
and the successfulness of the optimization coulthdreased by using PAES in versigfA.

In that case the space of parameters will be sedrfaster and more thoroughly and the final
set will not be so dependent on initial solutionorgbver, the adaptive probability and size
will be implemented for finer search near existsdutions.

The next problem in proposed methodology is théilitg to deal with the multi-modal
problems; this will be solved by an implementatodrthe niching strategy CERAF developed
by (Hrstka and Kéerova, 2004).
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Abstract:

Investigation of the inorganic polymer materialatthse, as a base, alkaline-activated fly ash,
have revealed a number of positive results that farglamental prerequisites for the
utilization of the alkaline-activated fly ash inetltonstruction industry. These results are in
this context: the strength and toughness of thdymt the resistance to freezing temperature
cycles; the values of the coefficient of elasticignd last, but not least, the expansion
behaviour caused by changes of the temperaturenaigdure of the environment.

One of the aims of the project* is the utilizatiohfly ash waste material in the construction
industry when producing small objects like pavessrb segments, round ferroconcrete
blocks, road panels and other statically less deimgrmproducts.

For this purpose a number of methods are used tehtbe conditions that would affect the
products containing the chemically-activated materiduring their life cycle and also
methods to define the product’s response to inttedditions which have the most important
impact on their behavior and the interaction ofsthe@roducts within the whole building
structure.

The expected outcome of the implementation of alkahctivated fly ash in the construction
industry is the reduction of the quantity of wailyeash that presently represents a significant
burden to the environment (disposal as land fill).

Keywords:
Alkaline-activated materials, Fly ash, UtilizatioWaste Recycling, Environment

1. Introduction

This paper deals with partial results of the extensesearch focused on the utilization of the
chemically activated waste materials, particulaolpwn-coal fly ash, as an alternative
material to ordinary Portland cement used in thikdimg industry. The aim of the presented
research is to find the correct mix of alkali aated systems, which would adequately
substitute for the hydraulic system in common cet&rin which the main physical and
chemical binder is provided by cement.

Above all, the recent research results have shogneat versatility of the alkali activated fly
ash, especially when aiming for a product mix wittoperties that are most suitable for
specific applications.
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2. Literaturereview

As in the case of other construction materialsdine is to make a building product that will,

as far as possible, fulfill the specific requirenserand application conditions, while

maintaining minimal costs. Should we intend to ®an the application of the chemically

activated materials, for example in the constructid a pavement in a certain locality, it

would be essential to query the conditions to whscch a pavement would be exposed
during its expected use, whether the pavement cseitde for pedestrians as well as for
cyclists, since in such case there would be a feed better quality of pavement surface,
namely good abrasion resistance of the surface ¢\earal. 2005), whether the pavement
would be exposed to a chemical action (e.g. saltisas during the winter) and - last but not
least - whether the pavement would be of a dec@rair of a lower category — where the
colour stability would not be the deciding crite(eee figure 2). From the above it is clear
that it is required to carefully choose from thenga of the properties that chemically
activated materials possess but always considehiagclearly specified requirements that
result from the specific use of the final produithe key properties of the alkaline-activated
materials are: above all the high compressive gtrerfLee et al. 2002); high level of

resistance to a large number of chemicals (Paloimal. €1999); the accelerated process of
solidification and hardening without any delayedatheelease; abrasion resistance; low
shrinkage; high fire resistance (deformation starteemperatures above 565°C); and finally
low heat conductivity.

Since we are dealing with the subject of substitutine traditional cementitious binders
(Gartner 2004) with the chemically activated flyhas, it is important to mention the
principles of the behaviour of these different fuimwcal systems - the well known cementoid
concrete systems and systems based on alkali tectivly ash. It is expected from these
systems: identical behavior; properties; and alsethods of placing and treatment of
produced compounds, even though the hydratatiacewfentitious binder and the chemical
reaction of the alkaline-activated fly ash are templetely different phenomena.

The basic difference between these systems isbibenae of cement - the inorganic material
that after mixing with water in time solidifies amérdens. The process of hydration is the
deciding property of the cement. During the processydration to some extent gels are
formed but more importantly crystals are formed #rese are drawn closer to each other as
they grow and then mutually interlock - a procdss fproduces the strength of cementoid
concrete. The solidification of the cementoid ceteris from the physical aspect
accompanied by thermal changes. The beginning efsthlidification of the cementoid
concrete is demonstrated by a sharp increase ofethperature with the maximum value
obtained at the completion of the solidificatiodoy solidifying Portland cement will
begin to solidify after approximately 60 minutesddadepending on ambient conditions, will
complete the solidification in about 15 hours frahe time the water was added to the
cement. The solidification is affected by a numbkfactors; the most important being the
fineness of the cement grind and the quantity entperature of the additive water.

In the case of alkaline-activated fly ash (Duxsomle2007) hydration does not take place,
the hydration process is replaced by the chemgattion of the alkaline-activated fly ash.
During the chemical activation, using sodium hyddexand liquid glass, within a few

minutes; significant heat is produced. This thernsd begins immediately after the mixing
of the activating components with water in the mgiphase of the production. Once the
temperature rise has culminated, no further heatyming reaction will occur.
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The wet inorganic polymer concrete thus has differbeological properties in comparison
with cementitious concrete. In general it is pokestb say, that in the overwhelming quantity
of cases, the rheological properties of the aavdty ash mix are up to five times slower
compared to cementitious wet concrete.

The rheological behavior of the chemically actidatly ash within the first hours and days
after the removal of the product from the form baobserved in figure 1.

Measurings of length changes of sample with indicator watch
total 1,34 mm / 1 m (measurement lasted 15 days)

-0.14 A

-0.54 4
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Fig. 1. Graphic illustration of measured merit$emigth contraction - sample S124

For the majority of applications it is important tibtain the compact structure of the
chemically activated fly ash, namely the optimiaatiof all components in the mix, their
structure and interrelation, in order to obtainiacrease of the strength, at the ambient
temperature of 20°C, while maintaining or incregdiong-term strength. The initial strength
during the activation of the fly ash by chemicahaton, at lower temperatures, has to be
such as to allow the removal of the product from filrm within 48 hours of casting, while
the product should not loose the shape or stabpilid have adequate strength to allow
manipulation should this be required. The long-tstnength, i.e. strength reached after 200
days and more, shall not decrease.

The strength of the product is directly relatedhte amount of water contained in mix. The
amount of water has a significant impact not omtlee toughness, hardness and strength of
the product, but it has also a basic importanceterlength and volumetric changes of the
product (see figure 1). The resulting consistentyhe mix and consequently the value of
water-binder ratio should already be selected dumix design taking into consideration the
method of handling the wet concrete, whether inviloekshop or on construction site. If a
inorganic polymer concrete mix of higher strengtld gurface hardness is proposed, e.g., for
placing as a hardstanding on compacted beddingspoated to the building site and placed
and treated using traditional concrete technoldiggn the climatic conditions must be taken
into consideration, since significant changes @f ¢imatic conditions (torrential or heavy
rain) in the first hours after the placing could@rsficantly change the properties of the
alkaline-activated material and consequently tlgiirements for this specific applications
may not be achieved without proper protection.
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3. Resear ch background

The research task to find an alternative to ordirRortland cement, by using waste products
that burdens the environment, is a long-standimgept of the Glass and Ceramics Institute,
ICT, in Prague. The research has confirmed goadtseachieved with chemical reaction of
the fly ash - the waste product of coal electrp@alver generation and heating industries. The
research dealt mostly with the physical-mechanaperties of the activated fly ash
amongst which are: the strength characteristiaymeitric and length changes; and resistance
to chemicals and weather. Since very promisinglite$iave been achieved in a laboratory
environment it became compelling to initiate tegtof the alkaline-activated materials in a
real life environment, with the aim to find a piiaat use for activated fly ash in the building
industry.

This was the reason why cooperation between ICT @hd in Prague, Faculty of Civil
Engineering, Department of Construction Technolsigyted in 2003. This cooperation could
lead to finding and consequently trying the mosdirogl technology for this very specific
material.

The overwhelming majority of research projects ihgaivith the utilization of the chemical
reaction carried out worldwide and in the Czech ubdip are mainly focused on activating
basic substances like metakaolin or slag whileatmeual production of several million tons
of waste fly ash is waiting for its use.

Until recently fly ash has been used, only, as:itieet admixture for fly ash concrete; or as
the stabilization component for the road base; omaterial used for recultivation of the
terrain. Reutilization of this waste only uses aampercentage of the total production and
therefore the effort to reuse this waste on a laggde will alleviate the disproportionate load
that this waste exhorts on the environment.

As the start of the alkaline-activated materialduction on a large scale is concerned, it is
first of all necessary to unequivocally answer ¢hteasic questions that are — the total
financial costs to produce Erof the chemically activated fly ash; the impactteé product
on the environment; and its long-term durabilitheTquestion of long-term durability (25+
years) could not be verified so far because ofsth@t period of the products existence, but
accelerated laboratory tests (OECD 1992) are pwntd satisfactory results. In the past,
various building products were produced that weheap but were very inconsiderate
towards the environment and consequently in theréuts this question becomes an ever
more important political issue, price should nottbe only and decisive factor, as it is at
present. The development of the alkaline-activatederials have, so far, stood up to the
range of problems, e.g., the choice of suitablemmments for the mix. This means not only
the choice of a suitable filler, but also of theegtfical reaction activator, the intensificator of
the solidification, additives and admixtures, thing ratio of these, and the influences on
the resulting physical-mechanical properties, pdoces for dosing and mixing the individual
components, handling of the mixtures and its foltgyvplacement in the environment
modeling real climatic conditions to which the puatiwill be exposed. These questions are
still being intensively worked on and many of thkave not been satisfactorily answered yet.
However this inorganic polymer is ready for specifuilding applications due to its achieved
stable high strength and its resistance to a rahghemicals.

In connection with the research it is necessasatothat though the alkaline-activated fly ash
is a relatively young material and therefore inat sufficiently well-tried and vetted, there
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are already many applications that have been téstadaboratory environment and in real
life. This is the case of mainly non-load bearimgducts in civil engineering, e.g. production
and bedding of lock pavement in outdoor environmemthere the general behavior and
impact of the weather is being tested in-situ. pagement strip of 12 meters length is laid
using the same technology for transport, placenasot handling as in case of common
concrete.

Fig. 2. Application of block pavement from alkaliaetivated fly ash on sand bedding

Roads or pavement strips made from the chemicalliivaded materials have two
indisputable advantages when compared with commoogrete. The first one is the greater
resistance towards freeze-thaw cycles. Previousstrhave shown only a negligible
deterioration of the surface after several tenzyales. Another advantage is the already
mentioned resistance to chemicals, specifically pedducts that are commonly used on
roads in winter.

Small prefabricated units, including componentsvafious shape and size, made from
various fly ashes, from different localities, hadaen tried and tested under common climatic
conditions.

There is also the question of surface applicati®ystems that mostly protect the base on
which they are placed against chemical, physicdlmeather action. The alkaline-activated
fly ash example could be a thin-layered surfacdiegjon that has shown excellent cohesion
with the base, reliable protection against acidici®nments, fire (see figure 3), etc.
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Fig. 3. Fire resistance test

Another example is the possible application ofia thhemically activated material overlay to
cover a mature cementoid concrete slab contaimokem pieces and holes.

However, the main aim of the research remains toefohe fly ash to undergo a chemical
reaction and to function as the binder. The mafacéfwhen dealing with a non-tempered
inorganic polymer concrete is fast start of thensival reaction which is one of the basic
conditions for the practical use in building or @tlindustries. It is known that larger amounts
of water, therefore higher water content, markddiyers the resulting strength similarly to
cementoid concrete. We use a range of search atidgenethods in an effort to find the
optimal composition and representation of the elgman the mix.

4. Conclusion and Further Research

The above shows that presently we can regulatéotighness, elasticity and strength of the
activated fly ash as well as regulating some ofctiiemical reaction processes by the amount,
composition and ratio of the individual activatofo suit required properties it is also
possible for specific applications to choose froariaus sorts of fly ash from different
localities. For example, by using brown-coal fihadkat requires a higher water coefficient,
we achieve an inorganic polymer concrete of a fleodisistency with slow increase of the
initial strength. On the other hand if we use blackl fly ash as the binder, we obtain a
concrete of a wet consistency that will reach higimitial and long-term strength. The
strength and hardness of the samples is relatéidetpossibility to evaporate water. In the
case of Portland cement, the residual water, ptesehe pores and in hydratation products,
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is the water that has not been used during hydsatathere are no hydration products in the
chemically activated materials and the residualewdtvater not used for the chemical
activation) stays in the material as water pooryrded. Therefore when the material is
placed in an environment with lower relative hurtyidihe drying up process will start with
the residual water diffusing in the form of watepeour towards the surface, whilst the water
is easily vaporized from the surface. Diffusiontie¢ water from the centre is more difficult
and a slower process than evaporation from theaseirind consequently the hardness
(strength) nearer to the surface is greater thanercentre.

Unresolved research tasks include specifically:ghertening of the manufacturing process;
removal of the tempering period; and possible apgibbns in other than the building

industry. Special attention is currently given tocays of lowering the technological

complexity especially when producing larger volumsemponents. Cooperation was
established with some building companies dealindp wroduction and handling of concrete
to assist in the verification when producing largelume components.
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Abstract:

Global Positioning System (GPS) is an innovativeetyf technology which can be used to
increase efficiency, productivity of the Surveyidiscipline and to produce more accurate
results. GPS technology is becoming a very popalad effective tool for surveying
purposes. Many organisations are introducing ang@leémenting GPS technology for
surveying and other various purposes. In developowuntries like Libya this technology has
not been adequately implemented. The aim of theareh is to develop framework in order
to improve the use of GPS surveying technologyhayltibyan Public Surveying Sector The
main objectives of the research are to identifyakient to which GPS Surveying is used in
the Libyan Public Surveying Sector, to identify tFectors that affect the use of GPS
surveying technology, to develop a framework fa #aoption of GPS surveying technology,
and to make recommendations for the effective Us&RS surveying technology in the
Libyan Public Surveying Sector. This paper focuses a review of literature of the
development of GPS technology and the wide vamétgpplications to which it has been
applied across the world. Work being undertakeevimuate the appropriate implementation
of GPS surveying technology by the Libyan Publicv&ying Sector will be addressed.

Key words:
Global Positioning System, GPS Surveying, Libyashrelogy, Theoretical Framework

1. Introduction

Global Positioning System (GPS) is an innovativeetyf technology that is being used in
surveying and construction. GPS Technology has lmksmified as the important solution for
use in Surveying rather than traditional surveyisghg Theodolites and Electronic Distance
Measurement Instruments (EDMI).GPS is changingfétoe of all surveying applications.
Currently, surveyors and engineers use GPS Techsido increase their efficiency,
productivity, and to produce more accurate res@tgveying is the first and foremost step
taken before embarking on any construction projectglentifying geographic boundaries.
Traditionally surveying has been performed by higgualified personnel and is a very
tedious and labour intensive effort, also there aomsiderable costs associated with
conventional surveying technology. Its methods ame-consuming and often require
multiple trips to the same site to gather data eménsure the collected data is accurate.
Crews are not always able to work under certaintheaconditions, such as extreme
temperatures, rain, or snow.

Global Positioning System (GPS) Technology and Gaugc Information System (GIS)
Technology are very powerful for surveying and magpHowever by integrating GPS and
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GIS Technology the benefits are multiplied sevéiraes over. Global Positioning System
(GPS) Technology is becoming a very popular andcéffe tool for surveying purposes.
Many organisations are introducing and implemen@RfS Technology for survey and other
various purposes. In developing countries like hiltlyis technology has not been adequately
implemented.

This research is concerned with adoption of Gléhaditioning System (GPS) Technology in
the Libyan public surveying sector. The purposethsd research is to learn about GPS
implementation and identify the factors affectidge tuse of GPS Technology. This is in
order to achieve effective adoption and implemesabf GPS Technology and to gain the
potential benefits from employing this technolo&esults of this research will be beneficial
majority of Libyan public organisations survey @amtly implementing GPS Technology or
planning to employ the technology in the futureeTindings will help to improve GPS
management strategies and provide guidance forerbetivolvement of current and
prospective users of GPS Technology in Libyan emwirent. This paper focuses on a review
of literature of the development of GPS technolagy the wide variety of applications to
which it has been applied across the world. Woeindg undertaken to evaluate the
appropriate implementation of GPS surveying teobgwlby the Libyan Public Surveying
Sector will be addressed.

2. Global Positioning System (GPS)

The Global Positioning System (GPS) is a satelitssed navigation system that was
developed by the U.S. Department of Defense (Dolthe early 1970s. Initially, GPS was
developed as a military system to fulfil U.S. naity needs. However, it was later made
available to civilians, and is now a dual-use gystkat can be accessed by both military and
civilian users. GPS provides continuous positionimglocity and timing information, any
where in the world under any weather conditions.

2.1. Overview of GPS

GPS is a constellation of 24 operational satellgesviding the most accurate navigation
service in the world. This constellation, knowntfas initial operational capability (I0C), was
completed in July 1993. The official IOC announcem&owever, was made on December
8, 1993. The satellites (also known as Space Vesj)idre in precise orbits 20,000 km above
the earth’s surface. Each makes one earth orbiyyehdehours and 58 minutes. There are six
orbits with at least four to ten satellites visilaleywhere in the world. They are spaced 600
apart and inclined about 550 from the equator,sé@imajor axis of a GPS orbit is about
26,560 km (El-Rabbany, 2002).

2.2. The different GPS components

As it is quite common and can be found in the ditere, for instance (Hofmann-Wellenhof,
et al, 2001) the system of GPS consists of thrgeeats: the space segment comprises the
satellites, the control segment deals with the mameent of the operations of satellites and
the user segment covers the activities related RS @sers. However, the three segments
work together to provide the Global Positioning i8ys.

68



Space Segment:

The space segment of GPS consists of 24 satdiigieed in nearly circular orbits with a
radius of 26,560 km, period of nearly 12 hours stadionary ground tracks. The satellites are
arranged in six orbital planes (each orbit withade8ites) in a height above the earth of
20,000 km. The inclination of these orbits is 558e main purpose of these satellites is to
send permanent radio signal, which can be detdxyekceivers on the earth. An internal
oscillator is generating this signal with a fundamaé frequency of 10.23 MHz. It has two
carrier waves L1 (1575.42 MHz (19.05 cm) and L2@.B0 MHz (24.45 cm).

Control Segment:

The control segment of GPS consists of five traglgtations distributed around the earth of
which one, located in Colorado Springs, is a Ma&tentrol Station. The control segment

tracks all satellites, ensures they are operatinggyly and computes their position in space.
The information and data from all satellites arbbexted at the 5 monitor control stations and
sent to the master control station in Colorado &% where, the broadcast ephemeris in
World Geodetic System (WGS-84) coordinates canabeutated and submitted to one of the

ground control stations. Using a ground antenmactiordinates and the navigation data can
then be sent to the satellites.

User Segment:

The GPS user segment consists of the GPS recawershe user community. Almost all
GPS tracking equipment have the same basic compgonan antenna, an RF (Radio
Frequency) sections, a microprocessor, a controldasplay unit (CDU), recording device
and a power supply. Usually all components, witleegtion of the antenna, are grouped
together and referred to as a receiver. GPS reseigenvert SV signals into position,
velocity, and time estimates. Four satellites arqired to compute the four dimensions of X,
Y, Z (position) and time. GPS receivers are used riavigation, positioning, time
dissemination, and other research.

2.3. Basic principle of GPS

The basic principle of determining the position bging GPS satellites is based on
measurement of distances from the point of obsemnstto the satellite. This is done by
comparing the reading of transmitter antenna timth whe receiver antenna time. The
technology operates on the principle of triangolatithe position of the observer can be
calculated if the difference from an observer t@éhknown points can be measured.

2.4. GPS Reference System

Because of the satellite motion, which is referringhe gravitational centre of the central
body, the satellite coordinates and also calculatation coordinates at the earth surface are
geocentric coordinates. There is no datum probleouming, because the coordinates are
determined in reference system where the sateltli¢ is computed. The GPS satellites are
referenced to the World Geodetic System of 1984 8A\83) ellipsoid. WGS 84 is an earth
fixed global reference frame, which is an averagecanventional terrestrial coordinate
system, including an earth model, which is defirmda set of primary and secondary
parameters. The primary parameters define the aizieshape of its geocentric ellipsoid,
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which are semi major axis a=6378137 and recipriiaibning 1/f=298.257. For surveying
purposes, this earth-centred WGS 84 coordinatesysiust be converted to a user defined
ellipsoid and datum, the coordinates can be tramsfd into any local coordinate system
having a minimum number of known points in bothtegyss available (Elmaghraby, et al.,
2005).

3. GPS Surveying

GPS use in Surveying can produce positions acctwatee nearest centimetre or millimetre
levels. The primary difference between navigatiow aurveying with GPS lies in how

ranges to the satellites are computed. All GPSesiiing is done using differential techniques
with a receiver at a known site (Duff& Hyzak, 1997)

3.1. Types of GPS Surveying

A good planning of GPS survey is very importangn high efficiency of work (Kaiser,
1997). In planning a GPS survey, there are onlylhasic considerations in choosing a point,
its location in an area of good sky visibility, aitsl proximity to road. The first requirement
is of primary importance. The different methodsobtervations with GPS include absolute
positioning, relative positioning in translocatiorode, relative positioning using differential
GPS technique, and kinematic GPS surveying tecleniathur et al, 2002).

3.2. Benefits of GPS Surveying

GPS Surveying is increasingly becoming the printapt for making precise measurements
on the earth’'s surface. GPS techniques have beed msa wide variety of surveying
applications. The benefits of using GPS for Sumgyare associated with labour costs, time
savings, and increased accuracies. For the maoistquast savings are a result of labour and
time savings. Capital equipment investments, casdvery methods, and personnel costs are
different among organizations. Accordingly, costisgs in this review are considered to be
the result of both personnel costs and time saINGHRP Reports, 1998).

3.3. Applications of GPS Surveying

GPS is changing the face of geodesy and all sungegpplications. Currently, surveyors and
engineers use GPS techniques to increase theaireeitly, productivity, and to produce more
accurate results. However, GPS can be used for nsamyeying tasks ranging from
horizontal and vertical control network, cadastsairveying, airborne photogrammetry,
dynamic positioning, hydrographic survey, road eaitlsurvey to navigation. For large-scale
applications such as engineering surveying or demlamapping, GPS is used firstly to
establish a homogeneous and precise geodetic tomtrgork which serves as the basis for
subordinate surveys and undertaking various tygegraects (Nabed et al, 2002). GPS
technology provides a cost-effective method fore@asing the spatial integrity of Geographic
Information System (GIS) information by offeringcacacy capabilities to match the needs
required by any GIS element. GPS technology canseéd to upgrade the spatial integrity of
existing data bases and provide the vehicle foldimg the spatial foundation of new GIS’s
(NCHRP Reports, 1998).
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3.4. GPS Infrastructure

GPS infrastructure can be said to be essentifietgtowth and development of the surveying
community. To gain centimetre and millimetre levalscuracy positioning in the field,

surveyors in 1993 began using RTK GPS technologyichv also minimized data post

processing. For RTK positioning, a reference resrei\station) transmits its raw

measurements or observation corrections to a n@e=iver via a data communication link,
whether radio or cell phone. With the introduct@hRTK, GPS became a valuable tool for
application other than control work, including tgpaphic mapping, high-accuracy GIS
(Geographic Information Systems) and Constructionka. The most recent advancement in
GPS technology, however, is scalable GPS referestion infrastructure. GPS

infrastructure consists of permanent or semi-peenanGPS receivers operating

continuously. Users no longer need to set up aragpaase station to achieve RTK
positioning; they simply use a GPS rover to connedhe established infrastructure. GPS
infrastructure can range from a single referenatiast to a multi-station networks, for each
option, GPS infrastructure offers several ben€¢Risgh, 2005):

Ubiquitous positioning over a large area

Common coordinate reference frame

Reference station security

Decreased learning curve to achieve precise GR@gng
Cost savings for capital projects of governmentrorate sector
Reduced cost for field crews for field setup andippent costs

oA WNE

4. Useof GPSfor Surveying

Global Positioning System (GPS) technology has leeeating a revolution in surveying and
mapping around the world. It is being widely used $urveying throughout the world, and
offers a relatively inexpensive alternative to cemtional surveying for many uses. It is a
technology that offers great potential to GIS. \dsefr GIS are increasing incorporating GPS
into the data collection phase of their projecte\{&ny, 1993).

GPS became very important not only because theanyilrelied on it to provide navigation,
but also the public sector. The industry startexising on research and quality control. The
researchers, continually thinking of new ways tgiave the product, created real-time
kinematic technology (RTK), which allowed for theceivers to be updated more quickly.
This improved the use of GPS in Geographic InforomaSystems (GIS) and also allowed
surveyors and engineers to more accurately deterrtie topography of a terrain. The
industry also realized the benefit of combining Giééhnology with telecommunications.
This allowed GPS receivers to transmit data to selstation for analyzing. Another aspect
developed was a GPS architecture that allowed éwbnblogy to be integrated into
computers and other such devices. This led to aseréen uses for GPS (Theiss et al, 2005).

According to ElI-Rabbany (2002), GPS has revolutiedithe surveying and navigation fields
since its early stages of development. Although @RS originally designed as a military
system, its civil applications have grown much déastOn the surveying side, GPS has
replaced the conventional methods in many apptinatiGPS surveying has been found to be
a cost-effective process, in which at least 50% paguction can be obtained whenever it is
possible to use the real-time kinematic (RTK) GRS, compared with conventional
techniques. In terms of productivity and time-sgyi@PS could provide more than 75% time

71



saving whenever it is possible to use the (RTK) GR&hod. The GPS does not require
intervisibility between stations has also made ibren attractive to surveyors over the
conventional methods.

The Surveying industry is reaping great benefitshiea use of specialized GPS systems to
enhance, facilitate and speed up the acquisitiorswiey data (Filion, 2006). Global
Positioning System (GPS) surveying is a new teawplthat is being used in construction.
Manufacturers claim that GPS will improve produittivand reduce costs by eliminating
common problems experienced with traditional suirvgyequipment (Rosenmann, 1998).
More and more applications find the use of GPS&iter and effective functioning than the
conventional methods (Ganeshkumar, 1999).

According to Ali and Cross (2003), the Global Posiing System (GPS) offer several

advantages over conventional terrestrial methodsgendisibility between stations is

unnecessary, thus allowing greater flexibility e tselection of station locations compared to
terrestrial geodetic surveys. Measurements canakentduring night or day, and under
varying weather conditions, which makes GPS measemés economical. The above
advantages and the great developments in GPS datasging and receiver design enable
GPS positioning to be at the centimetre or evetimetre accuracy level.

The Global Positioning System (GPS) is a rapidlgleng technology that is changing the
way many surveying and navigation tasks are perdcrilowever, it is becoming a powerful
and cost-effective tool for monitoring some typéstouctures deformation and performance.
Using GPS for surveying and structural monitorirgplecations due to advances in GPS
receiver technology and data-processing softwane hmaade GPS a much more cost-
effective tool (Duff and Hyzak, 1997).

According to Salunkhe (2003), the public sectorypla crucial role in the spread of GPS
industry in India, huge public sector industriesngethe prime user of GPS technology. The
Geographic Information System (GIS) is a major mapion of GPS technology. GIS is an
integration of computer hardware and mapping soBwaA GIS map is a combination of
many layers in which each layer holds differenbinfation, it consists of two types: spatial
data and attribute data. Spatial data gives theahtdcation on the earth, while attribute data
gives additional detailed information, such as nané description. GIS allows the user to
store data, perform complex analysis, integrateomj manipulation, and moreover, allows
visualization benefits according to the positiomstbe earth’s surface. The author believes
that there is an urgent need to take GPS/GIS betlmmdurveyor, designer and engineer to
different business users. This will open a widegeaaf opportunities to highlight the value of
spatial databases.

Using GPS for Surveying is a cost-effective proposiand ideally suited for developing
countries like India. Agencies embarking on largals surveying recognize the importance
of increasing survey accuracy while reducing labaosts and improving efficiency.
Surveying thousands of kilometres is a very timascming and an expensive process. It
takes many days to survey small sections of roatjusaditional techniques, complete road
inventories may take years. One of the cutting édglenologies that can enhance the quality
of survey is Global Positioning System (Nayak, 2005

US Department of Transportation (Federal Highwaynkdstration FHWA) recognizes the
importance of increasing survey accuracy while cauy labour costs and improving
efficiency. Over the past 5 years, studies acrbssUnited States have shown that GPS
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technology increases the productivity of converdiosurvey crews, reduces data collection
time, improves survey accuracy, and allows crewsadk under a broad range of weather
conditions. Moreover, less expertise is requiredoperate a GPS surveying unit than is
needed to operate conventional surveying technedo@ompared to conventional surveying
technology, GPS is faster, requires less labowquires less training and more accurate
(FHWA Publication, 2003).

5. Theoretical Framework

A theoretical framework is a collection of theoreasd models from the literature (Collis and
Hussey, 2003). In this section theories and framksvthat consider factors related to GPS
technology and other relevant technology like Gi8 eeviewed in order to develop the
researcher understanding of the analysis of ckistecess factors. Very little has been
published on the subject of GPS implementation. fhleeretical framework is mainly based
on research conducted for relevant technology(lkS). This research is concerned with the
determinants of adoption of GPS technology. In tieisearch the adoption is defined as
successful use and implementation of GPS technology

The concluding resolutions of the 1995 United Nadgigponsored International Seminar on
Geographic Information System, City Sustainabiihd Environment, held in Cairo (Egypt),

emphasized the study of factors that would paveathg for increased use of GIS by cities
(United Nations, 1995).

Khan (1995) identified the factors that affect @doption of GIS in urban transportation
planning and management. He suggested that trevaly factors are related to the adoption
of GIS:

1. Knowledge of GIS: the effective use of GIS techgglaequires services of well
educated/trained people who are knowledgeable atiadpanalysis and skilled in
using GIS software.

2. Technological Development: improvements in techgglare likely to lead to
increased use of GIS in urban transportation pfe;mand management.

3. Cost of GIS: advances in information technologiesgeneral and data capture
technologies in particular are responsible for oty costs. With improved
educational and training opportunities in the fatuhe cost of special training and on
site consultancies may decrease.

4. Organisational Factors: it is noted that the inicitbn of GIS at the management
level has facilitated the promotion of GIS throughthe entire organisation. GIS can
contribute to better decision making in achievingamizational goals. Cooperation
and data sharing among organizations are necefgsahe successful implementation
of GIS.

Abdelsalam and Mostafa, (2005), conducted a stadgrder to develop a unified spatial
information infrastructure status index (USISI)ttdascribes and evaluates the conditions of
the spatial information infrastructure of develapinations. The elements of the USISI
System Framework are two fold. The first descrithestechnical and geospatial aspects such
as the status of reference frame, existence of naaisavailability of spatial DB. The second
fold of the USISI deals with the institutional aslivas socioeconomic parameters such as the
quality of human resources; cultural awarenesb®benefits of spatial information.
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The framework proposed by Chatterji (1990), is adered as a combination of four basic
components, all of which dynamically interact tdgeat and accomplish any technology
transformation operation. Those basic componerdgsTachnoware, Humanwar, Inforware
and Orgaware.

Duncan and Djaba (2005) suggested that the adve@iabal Positioning System (GPS),
Geographic Information System (GIS) and Remote iBgn®RS) has made the surveyors a
multi-disciplinary professional. It has thereforecbme necessary to train such professionals
to help in the developmental agenda of the devefppountries for sustainable development.

Salunkhe (2003) conducted a study among differedRE Gendors and users in India. He
suggested that the following factors are relatedG®S growth: GPS/GIS professionals,
awareness among the general public, responsestifi®government regarding GPS policies,
GPS infrastructure in the country.

Veget (2001) conducted a detailed study using tloeese studies in order to identify the
success and failure factors from the adoption db @i local government in developing
countries. The factors which should be taken ictmant are as follows:

1. The availability of professional staff with GIS knkedge and experiences.

2. The availability of computer staff.

3. The availability of good quality base maps or argband affordable method for map
updating.

4. A more gradual introduction of spatial informatimchnology into the organisation .

5. The need for very substantial staff developmentgmms aimed at raising and
maintaining skill.

6. The need to identify means of cost recovery andrvasg finances for future systems.

Budic (1993) conducted a detailed study on founages in local governments in the U.S. It
described the relationship between people, orgiaimand technology in order to identify
the successful implementation of GIS technologysHggested that the following factors are
related to successful GIS implementation: humastjtitional and GIS management.

Aseno (1997) developed a framework and anticipdétedl the potential benefits of space
technology can be adequately exploited in Afriche Tactors identified are reflected in their
framework as follows:

Provide education and training facilities in spacience.

Promote the acquisition, supply and exchange afespaience data.
Assist the space science industries.

Provide facilities for research and developmergpzce science.

PwpNPE

This section has provided a review of the procdsdeveloping a theoretical framework
necessary to reach the aim and the objectivesofekearch. The theoretical framework was
developed after a literature review on existingrfeavorks and models of the critical success
factors related to GPS technology and the othewagit technology like GIS.

The theoretical framework developed compromisesethiifferent sets of factors. These
factors are human factors (education-training-skihowledge-experience), organisation
factors (goals and strategy-management-cooperatidndata sharing-culture), and technical
factors (GPS infrastructure consists of permanesemi-permanent reference stations).
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6. Methodology

A research methodology is a systematic and ordmsjyroach taken towards the collection
and analysis of data (Collis and Hussey, 2003)s Bhiidy aims to improve the use of GPS
Surveying technology in the Libyan Public Survey®Bgctor. It needs to obtain opinions and
information from Public Surveying Sector in Libyaated to the factors that affect the use of
GPS Surveying technology in order to achieve thiecdfe use and adoption of this
technology. A single case study approach will bepseld, and a theoretical sampling strategy
will be explored and selected for appropriate selacof the case, rather than a random
sampling strategy. In the public surveying sedioe, Libyan Survey Department is sought as
an effective case study which can be satisfiedhasunique and important case and has
enough criteria for the study. Therefore, in theo@rément, performing the case study can be
effective as a critical and unique case. Semi-gired interviews will be used as the main
source for data collection purposes. These typastedviews are though the best method for
data collection as it involves an interaction betwehe interviewer and the interviewee for
which the purpose is to obtain valid Informationbg@rvation and the collection of
supporting documentation will also be utilized faangulation purposes. The interviewees
are top managers, middle managers, surveyors, egrginand users from the different
departments within the Survey Department under stigation. The use of several data
collection methods i.e. interviews, documents, abhdervation within one case study is
intended to achieve the triangulation of data, ntheo to increase the validity of the findings
and the researcher confidence in the reliabilitghaf information obtained. For the purpose
of data collection, the question schedule will l¥aloped in English. However, because it
will be used to collect information in Libya, then@ish version will be translated into
Arabic. For the purposes of analysis, the intergi@wArabic will be translated into English.

7. Conclusion

Global Positioning System (GPS) Technology is beogna very popular and effective tool
for surveying purposes in developed countries. Mamnganizations are inducting and
implementing GPS technology for the survey purpasedeveloping countries like Libya,
but this technology has not been adequately imphk@&de The purpose of this research is to
learn about GPS implementation to identify thedesthat affect the use of GPS Surveying
technology. In order to improve the use of GPS 8ying and to achieve the effective use
and adoption of GPS Surveying technology in Libyarlic Surveying Sector. This paper is
part of an ongoing doctoral research. The paperrbagwed the state of the art for the
Global Positioning System (GPS) Technology in Sying This paper focuses on a review
of literature of the development of GPS Technolagyg the wide variety of applications to
which it has been applied across the world. Thipepaalso presented the theoretical
framework and the methodology for developing framgwin order to improve the use of
GPS Surveying technology by the Libyan Public Syirnvg Sector.
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Abstract:

In practice, situations and issues related to da world, arguably, cannot be successfully
comprehended through the use of traditional appemsuch as Systems Definition Model
(SDM) and Unified Modelling Language (UML). Reafelisituations are characterised by
complexity, ambiguity and novelty to mention bute and, hence, researchers are required
to have a thorough understanding of the strengtidswaeeaknesses of alternative approaches
such as ‘soft’ systems thinking methodologies. Giogp a methodology for ‘a situation that
requires attention’ needs determination of whethersituation is ‘hard’ or ‘soft’ in nature.
While pure scientific approach is appropriate foard’ situations, alternative approaches can
be argued to be better suited for dealing witht'ssituations. Therefore, to ascertain the
applicability of Action Research (AR) based apptwscsuch as Soft System Methodology
(SSM), Effective Technical and Human Implementatioh Computer-based Systems
(ETHICS), and Prototyping methodologies are disedss

Knowledge assets such as intellectual propertycga®es, methods, and systems, which are
derived or enhanced through the application of psed simplified ‘soft’ methodology is
detailed. The underpinning characteristics thabvalthis methodology to become easily
adaptable are discussed. The proposed methodologyidps users with underlying
principles, processes and knowledge transfer mesmanto deal with situations that require
attention.

Keywords:
Action research, knowledge assets, research mdtigds, soft system thinking

1. Background

In practice, situations and issues related to #a world, arguably, cannot be successfully
comprehended through the use of traditional appremcuch as Systems Definition Model
(SDM) and Unified Modelling Language (UML). The feof such tools has been somewhat
formal that could facilitate Software Engineerirtgaad. Similarly the initial goal of SDM
was to create a general purpose modelling langdagealistributed dynamic computing.
Currently it is being used as an XML based modgllplatform suitable for system
modelling. On the other end, Unified Modelling Larlagie (UML) is considered as a more
advanced language, possessing the ability to mddgtibuted systems using classes,
relationships, inheritance, and composition. Howgseoping relationships within a context
and specifying policies, which apply to instancathin a context, are two useful features in
modelling which are not yet supported. Despite, tthie SDM can provide these features for
modelling the desired state of a distributed sysflcrosoft, 2007). In generic terms, UML
has been considered as the industry standard @mifging, constructing and documenting
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software systems and the designers still requireaiio specific techniques for the definition
of a problem situation and for a solution (Zhan@04). In order to address some of these
issues, the Service Modelling Language (SML) presid rich set of constructs for creating
models of complex IT services and systems that Haeen endorsed by many leading
industrial parties in recent times (Microsoft, 2DOHowever, utilising these traditional
approaches would mean that real life, complex 8dna would not be able to be captured in
full detail. Researchers, therefore, need to bevysawith the knowledge of alternative
methodologies, which are capable of providing they ‘picture’ so that the appropriate
methodologies and tools can be chosen that isffitfe job in hand. Therefore, in summary,
research and development associated with real difganisations or social construct,
involving human beings and cultural consideratiars better dealt with through alternative
approaches.

This paper provides detail insights of popular rali¢ive methodologies that assist
Information Systems development process. More itapdly it proposes a simplified ‘soft’
systems methodology by capitalising on the strengtid at the same time by avoiding the
weaknesses of these alternatives which have beegnised in the literature. The paper goes
on to explain how this methodology can assist ferivihg an organisation’s knowledge
profile of the future that is embedded within theqess of application of the methodology.
Finally future research works are briefed.

1.1. Research methodological standpoint

Firstly, it is important to document the researchtimdological positioning of this paper.
From an ontological position, the authors take apjedivist standing; form an
epistemological position, we take a positivist view simple terms we have employed a
pluralist methodological stance to our study.

2. What can the alternative methodologies claimhat they offer?

Choosing a methodology for ‘a situation that regsiattention’ needs determination of
whether the situation is ‘hard’ or ‘soft’ in natur&Vhile pure scientific approach is

appropriate for ‘hard’ situations, alternative apgwhes are better suited for dealing with
‘soft’ situations. In ‘soft’ systems the objectivese seen as more complex, fuzzy and ill
defined, and are argued to have purposes or ms&stead of problems; hence traditional
approaches become somewhat unsuitable. Traditsmnahtific research process begins with
an identified problem then objectively data is ga#td and analysed for the required
recommendations to be made. This process has lFemed predominantly from the ‘hard'

systems analysis methodology, which has becom&dha even for research into complex
situations and in many such cases this may nohbéeppropriate use of it. In a complex
situation the problem can not be clearly seen othan a few symptoms which may have
been caused by this issue (this could also be drgtieerwise) therefore neither pathway
could be defined to reach a solution nor a solutan be determined following a pathway
derived based on this initial problem that has bdentified. This methodology also dissects
component parts of a 'system' or a complex sitogto detailed analysis and recognition of
interconnectivity with the focus of finding remesdieMany complex and real life situations
have a limited scope in finding appropriate improeats through this methodology.

Therefore Action Research related alternative nuluomies are somewhat more favourable
specifically for the analysis of humanistic, orgational and socio-sentimental matters.
Authors also do recognise that ‘hard’ methodolognesy also provide a rigorous analysis for
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various decision making and problem solving situaiwhere these are appropriate in their
own right. However in general, humans are more eored and savvy in practical decision
making which is analogous to what we call Partitopa Research with Constant Learning
(PRCL) in some ways and it is much different frone thard’ analogy. Therefore more
advancement of the appropriate ‘soft’ methodologied consolidated techniques are highly
valued, as noted in the soft methodology literatirarticipatory Research with Constant
Learning offers the practitioner with some oppoities; ability to reflect on the current
circumstance, direct planning for the circumstamog@rovement, ability to impose and
observe all the processes within a given circuntgaand ability to re-engineer processes as
needed, which will empower the practitioner.

2.1. Systemsthinking

Real life situations are characterised by compyexambiguity and novelty to mention but
three and, hence, researchers are required toeh#varough understanding of the strengths
and weaknesses of alternative approaches suchofis sgstems thinking methodologies.
There are many deficiencies in the mechanistickthg that is based on reductionism to
encapsulate a real life situation for the developinoé an information system. Reductionism
captures descriptions of subsystems that the whpitem is composed of ignoring the
relationships between subsystems. Ackoff (1973)resqed the incompleteness of this
method clearly as;

“A system is more than the sum of its parts; irs indivisible whole. It loses its
essential properties when it is taken apart. Teenehts of a system may themselves
be systems, and every system may be part of arlaygeem” (Ackoff, 1973).

Although the systems thinking approach was an gitémaddress this deficiency much prior
to the above quote. Over time, however, it has goown into a holistic methodology which
facilitates different disciplines (Wang and Ahmez)02). Systems thinking has been a
heavily researched methodology for over 60 yeamsesiudwig Von Bertalanffy’s (1901-
1972) initial work on General Systems Theory (GSuhich proposed that 'systems' of
various order cannot be understood by an investigatf their respective parts in isolation
(Bertalanffy, 1968). The systems approach considdexge number of related aspects that
the human brain is unable to fully appreciate atepras a complex phenomenon. It is an
attempt to manage this complexity by describinglysing and controlling associated details
with a good understanding of the whole. Thereforgystem shows properties, which are
properties of the whole rather than propertiesotomponent parts. System will always be a
continuous entity, which is not episodic, and byura it is emergent and dynamic. New
interactions and influences within and from outstdeates these rapid changes. In working
with change we are working with networks of relaships, not with mechanistic processes
(Wheatley, 1999).

2.2. 'Which methodology to choose?

The applicability of Action Research (AR) based rmaghes such as Soft System
Methodology (SSM), Effective Technical and Humanplementation of Computer-based
Systems (ETHICS), and Prototyping methodologiesdeseussed below. In considering real
world complexities and their unpredictability, Pe@heckland and the team from Lancaster
have derived SSM by capitalising on previous systefrwork, and their own real life project
experiences or Action Research. Checkland (1999)iges a clear distinction between ‘soft’
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and ‘hard’ approaches before providing the detaikeglanation of his SSM. This
methodology is to be used when the situation isentmmplex where it is even difficult to
define the ‘problem’. It will analyse and structuree situation so that the stakeholders can
comprehend the status for dealing with the cursiation. Not only can it be used for IS
development related purposes but for any othernisgional matters that require further
improvements. This methodology recognises the Wglahd the importance of capturing the
human interaction and for this matter a range ofstthave been derived. For elaborating the
domain of the problem and to ascertain who and whaimportant’ the CATAWOE
analysis, ‘root definition’, ‘conceptual model’cetare used. SSM is criticised for not having
complete guidelines explaining how to build an miation System. One would also need to
consider a methodology, which would be less prpsea than a technique or a method, and
provides structured approaches that requires huodgment. The purpose of SSM is to
provide intellectual devices for structure explamtwithin the situation considered while
facilitating as an exploratory learning mechanidiine argument that the SSM is difficult to
implement and does not provide rigor, scope andgdeand for that matter Checkland’s
(2000) clarification provides an insight and chagé the SSM, which have gone through
since its inception as a ‘soft’ methodology, isseful research paper. While Checkland was
more focussed on the development of philosophiatine of the methodology, concurrently,
Brian Wilson of Lancaster was focussed on its peality (Theophilou, 2001).

Another methodology, ETHICS devised by Enid MumfafdManchester Business School
takes the participative approach a step forwardchdinly focuses on the users working life,
job satisfaction, etc. prior to the technologicahcerns and suggests the user should either
participate in the design process or s/he shouwthddhe system by themselves. Although it
can be used as a problem solving methodology teesuacceptance of the final system
modelled will be its main focus. ETHICS has no sfpet techniques, but provide a
framework for feasibility, analysis and design stagCommon reaction to ETHICS says it is
impractical and the user can not comprehend ed&silyheir own design work using the
methodology. Mumford has shown number of successfplementations and explains that
users can be trained with ease. The ETHICS methddlly described by Mumford (1983)
can be accessed through her personal pages. Esebabk by Mumford and Hickey (2006)
shows the integration of these techniques witheagithodologies.

Prototyping is different to the above two in mangys and can be utilised for few different

purposes. Prototyping as a methodology concentogtesipturing client requirements clearly

and completely. In particular when the systems irequents are not clear this methodology
can work as a dynamic process to gather systenireagents from its users via prototypes.

The prototype will be non-functional (mock-up) uger will comprehend how the system

will work when it is completed as the actual systdimis methodology is also being used for
Quick User Interface Design for capturing the cohten each screen at the initial design
stage. Ideally prototyping should not take a mumiger duration of the project so that the
cost associated with the process is minimised. Mgsbtotypes are discarded as the actual
system is being built. Managing the prototypingqgass requires much knowledge of the
complete systems development lifecycle, which &ssis gaining its full benefits. Readers

are encouraged to read a few more alternative rdetbgies to gain a better insight of the

variety.

3. Simplified ‘soft’ methodology
There are strengths and weaknesses of most of #tkodologies discussed. Due to the

essence of complexity in capturing human, orgalmsat and environmental characteristics
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most methodologies are unable to provide a robndtaa the same time directions that are
easy to comprehend by the methodology users. Fonpbe SSM can provide the user with a
reasonable degree of robustness, however, baseders’ prior experience and knowledge
the application of such methodology could providgeied outcomes for different users. In
this paper, we would derive an extension to thenoektlogies discussed with the focus of its
usability and robustness.

3.1. Participatory action learning

The design of this methodology includes importal#ments of organisational learning
namely Action Learning and Action Research proaeBgh entails ‘learning by doing’ or
Participatory Action Learning (PAL). The applicatioof the methodology involves a
Research Practitioner and all the stakeholdershefdrganisation in concern. In a more
favourable circumstance the practitioner could cdinoen the senior management team
and/or a member from the stakeholder group. The-wiaulds concept of information
modelling is detailed later to elaborate on ponitig of the researcher and stakeholders in
concern.

3.2. Methodology for targeted system realisation

The following diagram, figure 1, shows the simgdiapproach to the ‘soft’ methodology
that we are proposing in this paper from here odwaviodel building guidelines detailed by
Zuber-Skerritt (2002) has influenced on the fleiipiof the figures derived. This cyclic
process begins with an assessment of the curi@nssif the organisation, which leads into a
refinement process through Action Learning. As ldteer implies the refinement could also
be a cyclic process based on the envisaged systemglexity. Satisfactory refinement will
lead into the implementation following any othequaed conditions are met, such as
financial viability of the intended system implen&tion at the time. The implementation
and change management will address the requiredgesato the organisation and its
environment. Size of the organisation and the nesoallocation for the project could define
the length of time required to complete one cydefigured below. The success of each
cycle will take the organisation closer to thesatition of the system realisation.

Current organisational
and environmental status

\d

Refinement process
through Action Learning

\

Implementation and
Change Management

<

Fig. 1. Simplified ‘soft’ methodology for systematesation

Having explained the simplified version of the nogtblogy let us deal now with the details
through figures 2, 3 and 4. ‘Preliminary reseanefil provide details on the necessities of
any improvement to the organisation. If there ateations that require improvement the
planning process begins by capturing the orgawisaltistatus. The major steps involved are
shown in figure 2 and listed below.
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Step 1: Stakeholder analysis

Step 2: Problems / issues and strengths

Step 3: Definition of the ideal system

Step 4: Responsibilities of stakeholders or groups

Step 5: Status documentation (stakeholder engagepteem etc.)
Step 6: Expected results / outcomes of the expesyistem

Although research element may impact on any oktkhdisted steps, more importantly step 3
and 6 are required to be well researched whichasva in the figure below. After one cycle

of process the participatory researcher(s) areimedjtio assess the expected outcomes against
the ‘situation improvements’ sought that has beefindd at an early stage. Unsatisfactory
circumstances are refined by applying another cgtline process for further improvement.
This planning process ends with a well documentesbgsed plan for the ‘situation

improvement’.
Define ideal
system %
‘ Start here

Problems/ issues A 4
and strengths
< Preliminary
\ research
\ @D I
Status

documentation l Stakeholder

Responsibility of
stakeholders

analysis
y v

Expected results/ are required
outcome of the

implemented system

~—~

End here

Fig. 2. Planning of the ‘situation improvement’

The action of the implementation cycle begins heamd it is shown in figure 3. Step 6 in
figure 2 will be the starting point of the implemation cycle. The major steps are listed
below.

Step 6: Expected results / outcomes of the expesyistem

Step 7: Document ‘systems’ objectives

Step 8: Define performance measures and actions

Step 9: Construct and perform actions

Step 10: Evaluation of actions

Step 11: Adjust and ‘system’ change management

Similar to the previous planning cycle the resealgment is more important in Steps 6, 9
and 11. Step 6 allows practitioners to document dbjectives of the system and then to
define performance measures for evaluating thdriéht of objectives. The action planning
and research process will facilitate arriving a¢ tmproved situation in a gradual manner.
Required further adjustments and change manageptengess refine the situation further
such that new improvements are more acceptableet@riganisation. Again at this point an
evaluation is required to understand whether theeeted outcome defined previously has
been achieved, and if so full documentation of ékaluated model needs to be completed.
Otherwise another refinement cycle would need to drgyaged after the required
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documentation of the current ‘situation improvemeBuch documentation will facilitate
arriving at the new ‘systems’ objectives that amrenmature and refined compared with the
objectives derived at the initial round. At the esfdthe implementation process ‘finalising
research’ will allow the investigation of future pmovements or any limitations for which
practitioners need to be aware. Due to the lindtatf space we do not detail all the above
steps in full within this publication, but readstsould note the following aspects.

Start here
End here /
Expected results/
outcome of the
implemented system
Modelled and |
luated ;
e:ca)hljt?oi Adjust and ‘system’ Document ‘systems’
change management objectives
T |
Research /
Finalising
Evaluation of Define performance
actions measures and actions

k Construct and

perform actions

Fig. 3. Implementation of the ‘situation improvemiglanned

Stakeholder requirement capture: Within most organisational contexts there are mult
stakeholders pursuing a range of interests, heraxy diverse requirements. A few
stakeholder categories are listed in the table lllistrate this diversity against their
requirements types.

Table 1: The stakeholders requirements types (Taffand Dakhli, 1999)

Stakeholder| Project Software product Requirements types
space dimensions
Customer Problem spac¢e Economic Cost constraints, Delay constraints, Market
« Temporal constraints, Efficiency constraints,
« Organisational Tactical/strategic constraints, Organisational
« Functional constraints and priorities, Functional needs,
Quality of Service needs, ...
Architect Solution space|« Organisational Organisational context constraints, Functional
« Functional constraints, Cost constraints, Delay constraintg,

Architecture constraints, Reuse constraints,
Methods constraints, Performance constraints|, ...

Developer Construction [« Human Functional constraints, Non functional

space « Functional constraints, Project’s organisation constraints,
Teams communication needs, Cost constraints
Delay constraints, ...

End-user Operation spafe Organisational Functional needs, Non functional needs,
e« Human Organisational context constraints, ...

* Functional

Further, as detailed by Toffolon and Dakhli (199@)th regard to capturing such
requirements the dimensions, specification, remtasen and agreement need to be
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considered. When dealing with multi-stakeholderuregments it is paramount to reconcile
them through an appropriate method, such as extenideestigation of conflicting
requirements. The requirements elicitation wasdgigliinto two levels; intra-space and inter-
spaces. The intra-space level permits taking intmant the stakeholders interests and points
of view while the inter-spaces level supports tratfe and reconciliation of stakeholders
points of view. Toffolon and Dakhli (1999) approasfas similar to Win Win spiral model
(Lee, 1996), which views stakeholders as projetiraccarrying out contracts related to the
software system to be developed and also providesmsirument to describe stakeholders
conflicting interests and points of view, hence sidaring all the multi-stakeholder aspects
which are reconciled.

World-views of Information Systems Modelling: Groups of stakeholders who should be
considered in requirements decision making cansBeaated into four-worlds. This makes
the social prediction that different areas of ekper different languages, and different
interests exist and need to be integrated in tli@itien of ideal system. Researchers have
argued for this four-worlds approach on pragmatmugds: helping to determine complete
agreed requirements and getting the required stédtefs involved in the process (Jarke and
Pohl, 1993). Jarke and Pohl (1993) further desdrthat it makes sense to distinguish, from a
cognitive as well as a social viewpoint, between tisage world, the subject domain world,
and the system world, and the need to describeititerrelationships. Then the development
world has the basic task of assisting the pracgtidn realising the vision in the context of
the other worlds. Further to this it must also edesits internal development context of
people, methods, experiences, and tools. The follpus a brief description of four-worlds
as described in the literature.

The subject world is the domain the system is intended to maintaiorimation about and is
traditionally represented within the data modeldak8holders are the objects being
represented or people who have stakes in thesetslfjat are not direct system users. The
usage worldcomprises stakeholders as owners, and directrahect users of the system.
The relationships between users and owners can wa®ly. An organisational structure
often describes it, thus defining the (observethtended) role of the information system in
the work practice in or between organisations. $istem world is often represented by
technical gurus, or simply by the observed fact tha system is very hard to change, either
due to its internal complexity or to its establidhrelationships to user and developers. The
development world is to ensure an adequate observation (cognitipecds participation
(socio-organisational aspect), and representateehifical aspect) of itself and of the other
worlds. It must proceed under consideration of wes® constraints and competing role-
bound and individual goals. With respect to theali@@ment world, the goal of participative
design has often been cited. With respect to teeeny, quality-of-interaction factors such as
response time, user-friendliness, and rich funetion are of interest as well as business
goals such as reduced transaction costs, increaseker/ organisation effectiveness, or
worker qualification (Jarke and Pohl, 1993).

3.3. Embedded action learning and action research

The process explained through figures 2 and 3 eatoimbined to provide the big picture of
this methodology proposed. In general, the reseale@ment is a major part for deriving the
planning process, implementation process and @fiterand post) processes shown in figure
4. The cyclic picture at the top (expanded in feg@) is the process conducted to ascertain
the current status and the cyclic picture at thitooo (expanded in figure 3) is the process
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conducted to accomplish the implementation. Stremgtence of Action Learning and

Action Research (ALAR) (Zuber-Skerritt, 2002) is lmedded within the implementation

process. McKey and Marshall (2001) described Actresearcher has having two sets of
responsibilities; problem solving interest and oesgpbilities, and research interest and
responsibilities. Similarly the figure below clearshows the research interest of the
practitioner and we have labelled the combinatisripaoblem solving research’ to keep it
simple. While the successful planning process ksrgieleads into implementation process,
via the Step 6 listed above, the implementationrcgse with major planning deficiencies
could lead again into the planning process forhiertrefinement. Therefore the following

entry and exit points are to be noted.

Entry: Research points to the fact that ‘existingamisational system needs improvement’
Exit: ‘Improvement strategy has been implementexd! the finalisation research has followed

T
% Preliminary\
research
\
Improvements
/ are required
==
Modelled and ‘
evaluated I
improvements '\
1 {” &>
Finalising ™\ <
S L

Fig. 4. Improvement via problem solving research

Practical conclusion: Given the cyclic nature of these processes, pi@otrs should
carefully monitor the requirement of restarting #n@o cycle and perhaps predetermined
criteria for this purpose. It is also important otexhaustively exploit available resources
without justifying the causes. The practical cosan of one cycle provides the basis for the
revised actions for the next cycle and also callféiother inquiry in later cycles. It will also
generate information for stakeholders and reseeschid@e final conclusions should refer to
interventions, the professional action undertakgnhiose responsible for the project, so that
the methodology is justified. The conclusions mayob three types, (1) service activity, (2)
supplementary research, and (3) appeal to othersacdthe first two refer to the intervention
level of the practitioners and researchers andatter should avoid ‘wishful thinkingGTZ,
2004)

3.4. Application of the methodology and deriving knowledge assets

Although an organisation can use the simplifiedft'smethodology proposed to assess,
implement and realise a suitable ‘system’ from \higey can obtain profit, an organisation
can also receive much benefits even by followirgyrtiethodology partially. Due to the fact
that the research practitioner engages with theebtdders of the organisation persistently
for various items (Steps 1-11 above) there willnb@ny knowledge assets created over the
process that greatly increases common understantlirgge are not many processes currently
being used by organisations that could create asuctimmon understanding at a rapid pace
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over a considerable amount of time nor can theesialklers realise its potential. This is
where the organisations utilise external consudtantassess various aspects with regard to
the organisation on an ad-hoc, basis, perhaps, whherstakeholders realise a particular
process may ‘need improving or assessing’. Thidhoudkilogy influences the creation of such
an expertise inside the organisation as a paitteftakeholder capability (or responsibility)
so that the required knowledge assets can be dregtéhemselves, with the assistance of a
research practitioner who will be an insider. Thassets are at high value and display the
current and future of the organisation or knowledgsile of the organisation. The following
table shows some of the knowledge assets that@aged over this process.

Table 2: Knowledge assets for knowledge profil¢hef organisation

Step Knowledge asset sought
Step 1: Stakeholder analysis Stakeholders / Intereand roles
Step 2: Problems / issues and strengths Bridging the deficiencies / capitalise on strengths
Step 3: Definition of the ideal system Must haghbuld have / Could have - status
Step 4: Responsibilities of stakeholders or groupsstakeholder responsibility / Next action lists
Step 5: Status documentation (stakeholder Concise memo for each stakeholder / group
engagement plan, etc.)
Step 6: Expected results / outcomes of the Detailed ‘system’ outcomes with ‘improvements
expected system required’
Step 7: Document ‘systems’ objectives Agreed ‘systens’ objectives and time plan
Step 8: Define performance measures and actions forBence instruments and agreed scales
Step 9: Construct and perform actions ALAR documenétion / Action plan, etc.
Step 10: Evaluation of actions ALAR evaluation fesu
Step 11: Adjust and ‘system’ change management eStdéler and others responsibility of CM

4. Conclusion

We believe that the underpinning characteristics tlif methodology facilitate easy
adaptability. In particular the proposed methodglogrovides users with underlying
principles, processes and knowledge transfer mésinan(Mihindu, et al, 2008) to deal with
the organisational situations that require attentithe proposed methodology aims to create
systems that are emancipatory. Further our expewtas that the system users’ of the
organisation will be released from constraints rodtional, unproductive and unsatisfying
circumstances, which may limit their self-esteend anagination. The target would be to
assist users with investigating the reality in orfbg them to change it and hence realise it
fully. In our future work further refinement of tmeethodology, sample applications and case
studies are to be derived. Also samples of knovdealggets are to be drafted which explain
organisations knowledge profile.
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Abstract:

Project extranet has been proven a potential tdogpan improving information transfer,
communication and collaboration in constructionwdwger, although many research efforts
have been made on discussing its development, mguigation and deployment, only very
little literature was found aiming to analyze itsm€tionality. This more or less prevents the
system vendors from designing their systems cleamty simply; and prevents the end-users
understanding and selecting a suitable system amibagailable ones.

To eliminate this obstacle, this research aim®wew some existing systems, to analyze the
systems’ provision on functions and associatedufeat and to investigate the differences
among systems. The result will be beneficial foe thtakeholders to improve their
understanding to project extranet, particularlyhie functionality issues.

Keywords:
Project extranet, Functionality, Function and featu

1. Introduction

1.1.Background

Construction industry plays an important role ie #conomy, as it provides buildings and
infrastructure on which all sectors of the econatepend. However, it's also well-known for
its notorious fragmentation and complexity and e @f the most information intensive
industries (Bennett 1991, Howell 1999). Thus, tineety and accurate information transfer
and communication, together with the partnershigh emllaboration among all partners, are
crucial to the success of projects.

Project extranet, or web-based construction cotkaiimn technology, has been acknowledged
as a potential technology in improving the efficdgnand effectiveness of information
transfer, communication and collaboration in camdton processes. According to Hamilton
(2004) and many other researchers (CNPIlus 200kxet8e and Hawkins 2002a, NCCTP
2005, Wilkinson 2005), project extranet is defirsmda network linking the various parties to
a construction for the exchange and storage oeptapformation in digital form; and for the
collaborative works during construction procesdéss based on the universal Internet
plattorm and employs integrated web-based apptinatiand tools, to provide the
communication platform and help construction call@bion more effectively. Normally,
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project extranet is hosted by an Application SexvRrovider (ASP) and the service is
typically leased for a period and / or per-usemjgct.

Project extranet makes use of the advantages &kt for being a global network that is not
restricted by location, time or different compubgerating system. The benefits from using it
have been well documented, which include: no ek@edware and software investment;
application and location independent (Nitithamyoagd Skibniewski 2004); up-to-date
information retrieval and improved communicatiomy@t and Pitre 2004); cost and time
effective (Tam 1999, Sulankivi 2004, NCCTP 2006)d aome intangible benefits such as
few claims, greater flexibility and so on (Wilkins@005). Because of the benefits, project
extranet has been implemented in practice duriegldet decade and some successes have
been reached in its initial stage. In 2003, EngingeNews Record (ENR) in the United
States reported that the number of A/E/C (Architesd{ Engineering and Construction) firms
using web-based systems has risen by 16% withipaise two years (Hurtado 2003). In the
UK, research shows up to 1,500 projects with a d¢oetbcapital value of over £20 billion
are already using Internet-based communicationstaold there are an estimated 25,000
individual users, which is an increase of 50% oreeéhmonths ago (CNPIlus 2001b). This
increase has been widely acknowledged and a nuwibsuch systems are reported by
researchers and practitioners worldwide (Breetzkketawkins 2002b, Leung 2002, Alshawi
and Ingirige 2003, Nitithamyong and Skibniewski 20@/ilkinson 2005).

1.2. Research Needs and Questions

Given its short history started in late 1990s, @cbjextranet is still a very young technology
and the market is immature. Previous research tadsdssome difficulties and barriers such
as lack of standards, over-dependent systemstameses to change from the employees,
security, and so on (O'Brien 2000, Rozell and Gardt000, Dawoodtt al. 2002, Becerik
2003, Nitithamyong and Skibniewski 2004, Liu andgiGeglou 2005, Wilkinson 2005). Some
new topics have emerged for further studies, taiens can be effectively deployed and used
to its potential.

Recently, some studies have discussed the impeartahéunctionality of project extranet.

Among them, O’brien (2000) suggested A/E/C firmshtove a specific feature and think
through how this feature would interact with theb jeasks of project team members.
Andresen et al. (2003) stated that there is a comty need to improve the functionalities of
project webs. Becerik (2004) also agreed that wsded project management and
collaborative technology is bound to replace thd wlays, but only if these tools can
adequately fulfil the specific needs of users.

However, the function-related issues are not welblyed so far because of some
difficulties. At first, the existing functions araksociated features vary greatly depending on
the vendors’ origin, history, experience, targetketiand financial status. The functions and
associated features are normally supplied in diffecombinations with different highlighted
features by different vendors. It is therefore idifft to extract a standard feature list.
Secondly, project extranet essentially isn't a tiveatechnology but only a combination or
integration of several existing technologies sushw&b browser, Internet connection, and
computer. Thus, this is difficult to clarify theffdfirences among systems in the functional
aspect. Thirdly, the functionality that systems gaavide is uncertain. Intense competition
often forces the vendors add new features or relessv version to stay ahead of the
competitors. The speed of IT development can alsckty make the feature studies “out-of-
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date” or very short life-span (Bjork 2003). Lastt Inot least, previous researches (Breetzke
and Hawkins 2002a, CICA 2003, Wilkinson 2005) hal®wn that the vendors will be
reluctant to say their system does not possesstiaytar capacity. When being investigated,
most of feature options usually get ticked by th€m.this condition, it is difficult to gather
the accurate result from the vendors.

The absence of in-depth analysis to the functiteted issues brings about some negative
results. On the one hand, some vendors are unaldiedrly define and describe what they
provide in the systems. The functions and feataressometimes scattered, overlapping and
confusing. On the other hand, the systems accumulate a laugeber of functions and
features which somewhat are unnecessary while tbst msable features might not be
highlighted, or sometimes ignored at all. This &fton will consequently increase the
difficulties for the users to choose the right systand use the system as they planed.

Therefore some research questions can be develmged. would there be a commonly
acceptable function category covering fullest fiorctist? 2. what about the availability of

these functions and associated features in thdirexisystems? 3. Are there any systems
covering the fullest functionality? 4. are there alifference among existing systems? This
research will aim to answer these questions beloaugh an investigation to the existing

systems.

2. Feature and Function Definition

Project extranet is classified as a web-based nmdtion system. So, like any other
information systems, it is comprised of an integdaset of features or functions. A clear
understanding of the concepts of function and feaisi therefore a decisive prerequisite to
the function-related study.

Information system may be defined as a set of elsndt is a set of information resources
organized for the collection, storage, processimgintenance, use, sharing, dissemination,
disposition, display, or transmission of informatigNSTISSI 2006). The aim of an
information system is to provide procedures to récand make available information, in
order to improve the efficiency and effectivenesshe organization (Flynn 1998). To fulfil
this aim, the system must have some different corapts of functions and features.

Feature has been defined in various ways. In genfe@ure is a service that the system
provides to fulfil one or more stakeholder needsffibgwell 2000). It is a coherent and
identifiable bundle of system functionality thatlgee characterize the system from the user
perspective (Turnegt al. 1999); or a prominent or distinctive user-visibkpect, quality, or
characteristic of a software system or systems @kairal. 1990); or an externally desired
service by the system that may require a sequenioputs to effect the desired result (IEEE
1998).

Function is what the feature does. It is an abs8tnacf the main activities carried out to
achieve organizational objectives. According to thefinition given in Oxford English
Dictionary, it is an activity that is natural to ¢ne purpose of a person or thing. The
definition further explains, in computer sciencgjndtion is a computer operation
corresponding to a single instruction from the u&ésually, a couple of features would be
needed to fulfil a function. This also implies trefunctional module may contain one or
more features and provides us a basis for grougssgciated features.
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In project extranet, the main and purposeful furctis to share project documents among
project participants. This function is the coresoich systems. In addition to this principle
function, the latest project extranets provide maoypporting functions to facilitate the

information transfer and communication tasks, teanline the work flow and to collaborate

with the other partners during construction prodese® details in below). Moreover, some
extra functional modules, e.g. e-tendering senvare, being added into the systems, which
seem to be the add-ons to the end-users and adekual the existing systems.

3. Categorization of Functionsand Featuresin Project Extranets

As aforementioned, the existing project extranetside a large number of functions and
associated features in different structures andbomation. The system vendors usually have
their own function matrix according to their prefeces and target markets. They vary so
greatly that it's impossible to generate a commageptable category from the systems’
provision.

Previous studies have provided some function caiegdrefer to Table 1). They can give a
snap-shot of functionality of project extranet lawe not enough for further analysis. It is
firstly admitted limited by the researchers themegl(CICA 2003, Wilkinson 2005). And,
the categorizations are lack of acceptable standad therefore are only “customized”.
Furthermore, some categories have one or more ngissi overlapping functions and
features. For example, in the category made by ¢ @002), the general system module
may easily be overlapping with the administratioadumle. The category of Becerik (2004)
missed the non-functional features that play theartant roles to set up and administrate the
systems.
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Table 1: Previous Categorization of Project Exttarneunctionalities

Leung (2002)

Nitithamyong & Skibniew ski (2004)

Becerik (2004)

Wilkinson (2005)

General Document Team communication and Organisation
system management document management tools

Document Project Workflow and process Communication
management workflow automation tools

Workflow Project Process and project Management
management directory management tools

Administration

Central logs and
revisioncontrol

Collaboration

User centric Advanced
workplace searching

Team Confenrenceing
communication |and white-boarding
ASP server Online threaded
performance discussion

Schedule and
calendar

Project camara

File conversion

Website
customization

Office access

Messaging outside
the system

Wireless
integration

Archiving of
project information

Information
service

Financial service

E-bidding and
procurement

These issues make the previous categories unugableur research. There is neither a
commonly acceptable function category nor any aategovering the fullest function list.
Therefore, the authors have to propose anotheodpgi category for this research, which
comprises of System administration, Document mamageé, Workflow management and
Communication tools plus add-ons. This categomzeais based on the tasks that all functions
and associated features will fulfil in every moduspectively. It tries to cover the existing
functions and associated features to date. It etswiders the potential upgrade that the
vendors can add into as add-ons. This categorydimalj full description of all functions and
associated features will be discussed in detaihénfollowing sections, together with their
adoptions in our analysis.
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4. Research Method

Fieldworks, e.g. survey or interview to the systendors, have been proven not suitable for
identifying the functions and features from the d@r's perspective. The major reason is, as
aforementioned, the system vendors would be rettdtasay their system doesn’t have a
specific function and will click most of options e investigated. As the result, the survey
will normally produce an inaccurate result.

Thus, the authors have selected desktop reseattie assearch method and so this research
is mainly based on the document analysis to thdadoka materials disclosed by the vendors.
The steps include: 1. identification of functionsdaassociate features for developing a
category for this research; 2. identification object extranet vendors for the selection of
sample system; 3. investigation into the selectstlesns for listing and scoring the existing
functionalities. 4. analysis to the results andobate the findings.

Following these steps, the authors firstly selec@che systems as the samples (refer to the
following section for the sample systems and smectriteria) and then collected the
materials which include vendors’ web-pages, broehuhite papers, demo software, reports
and some results of previous. The authors have viemed all of the available materials,
browsed the online contents and used the availddaeo system one by one carefully. For
those vendors providing more than one productathibors did a wider investigation among
all products available. The authors have also abedtbthe selected system vendors by emails
or filling out the request information form on thendors’ websites. However, despite several
requests for information, only a couple of systeendors responded with their features lists
or white papers.

The functions and features are then categoriseld @éscriptions as below. To analyze the
functionality, a scoring system showing the fedtumvailability has been adopted. This
scoring system is based on the “Yes or No” pattemth was adopted by Raglal. (2002) to
analyze functionality of enterprise portal. Wheropithg this system, a table will be built
which combines the to-be-investigated sample systend features in a crossing way. If a
certain feature is found in a specific system, aote will be given in the corresponding cell
in the table. If this feature is not mentioned pavailable in a system, then an N note will be
given. After full investigation and all marks arengpleted, the total amount of features
belonged to a system will be summed up and theep&age of availability for a feature will
be calculated and used for the further analysis.

5. Investigation and Identification of the Functions and Features

5.1. Sample Systems Selected

In 2005, ExtranetNews (2005) listed more than 2&f)egt extranets worldwide. Since then,
some vendors have been merged or disappeared sanile new ones emerged although the
exact number is unknown. The market is very livaalgl competition is on a quite high level.
Some system vendors often claim their successein White papers or press releases, but no
any single system is in a dominant position. Alsome small companies that only sell a
single service (e.g. document management) areafitité, although many market leaders are
providing much more comprehensive functionalitysorcalled full solution to the end-users.
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In order to gather as much information as possibke short time and with limited resources,
the authors have decided that the major criteraorttfe sample selection is the functionality
that the systems can be capable of providing. tthem word, the samples should be those
systems that indicated they provided solutionslim gunction categories as we proposed
above. Therefore the eight systems, which form m@sedium in the UK (NCCTP - The
Network for Construction Collaboration Technologyw¥ders), would be the ideal samples
and are all selected. As the leading systems is #Hmea, AutoDesk's Buzzsaw &
Constructware and Bentley’s Viecon have also bedacted. Apart from these samples,
other systems are then randomly selected from thectdries which include eProject,
HotProject, CTSpace and The-project. However, treyall identified to have the solution in
our category.

Table 2 shows a list of selected systems and fhewiders with the websites respectively.
An abbreviation-style symbol was given to eacheyst

Table 2: Selected Project Extranet Proviliers

No. Symbol Product Vendor Website

14P 4Projects Extranet 4Projects Ltd. www.4projects.com

2 ACO Aconex System Aconex Ltd. Www.aconex.com

3 AD Buzzsaw & Constructware  Autedesk Inc. www.autodesk.com

4 AS Asite Solution Asite Solutions Ltd www.asite.com

5 BC Business Collaborator Business Collaborator Ltd.  www.groupbc.com

6 BIW BIW Technologies BIW Technologies Ltd www. biwtech.com

7 CAD CadWeb.net Cadweb Ltd. www.cabweb.co.uk

8 CT CTSpace Solutions CTSpace Ltd. www.ctspace.com

9 CWT Causeway Causeway Tech Ltd. www.causeway.com
10 EP eProject eProject Inc. Www.eproject.com
11 HP HotProject Hot Project Ltd. www.hotproject.com
12 THE The-Project Sarcophagus Ltd. www.the-project.co.uk
13 PP ProjectPlace ProjectPlace Int'l AB WWW.projectplace.com
14 VIE Viecon by Bentley Bentley Systems Inc. WWW.viecon.com

5.2. Features’ Investigation and Identification

This section groups the functions and associatedurfes into the proposed 4 groups’
category and describes all features in detailfedture associated with a specific function are
highlighted in bold characters. Afterwards, the rgup tables are generated showing the
features’ availability.

System Administration

System administration includes the features ocdumethe initialization stage and daily
maintenance. It includes three sub-functions: lerWsanagement, which enables the client
to manage their user group by settindniararchical user profiling and creating aiser
directory or address book to facilitate the contact among all participangs; Project
administration, which manages project web throughihhe whole process of web site
utilization. The user can design its ovenstomized project web by usingwizard or
templates and managenultiple projects in a singleproject panel or dashboard. Another
useful feature iproject inbox or notice board which shows instant message or notice to the
users as soon as they log into the system; 3. I@ysadtings enable the maintenance and
configuration of systems. When required, the user settanguage options for the purpose
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of localization. It can alsmonitor and control the system’s access, usage and health. It can
set the level obystem security and protect user's data and privacy. Some sysemilors
may design special features for those mobile petmpéecess the system by ushpd-held
devices. Also, although the project extranet is mainly abvwased system, some vendors
provide the user desktop drent-end softwar e for their convenient and alternative use.

Table 3 shows the availability of features assedatith system administration in the sample
systems.

Table 3: Features Associated with System Admirtisina

Characteristic 4P ACO AD AS BC BIW CAD CT CWT EP HP THE PP VIE %
User hierarchical profiling Y Y Y Y Y Y Y Y Y Y Y Y Y Y 100
User directory / address book Y Y Y Y Y Y Y N Y Y Y Y Y Y 93
Project panel / dashboard Y Y Y Y Y Y Y Y Y Y Y Y Y Y 100
Multi-projects support Y Y Y Y Y Y Y Y Y Y Y Y Y Y 100
Customization of project web Y Y Y Y Y Y Y Y Y Y Y Y Y Y 100
Project inbox / notice board Y Y Y Y Y Y N Y Y Y Y Y Y Y 93
Project wizard / template N Y Y N Y Y N Y Y Y Y N Y Y 71
Access control / monitor Y Y Y Y Y Y Y Y Y Y Y Y Y Y 100
Hand-held devices support N N N N N N N N N N N N N N 0
Security Y Y Y Y Y Y Y Y Y Y Y Y Y Y 100
Localization / multi-languages Y Y Y N N Y N Y N N N N Y Y 50
Client-end software support Y N Y N Y N N Y N Y N N N Y 43
Feature number 10 10 11 8 10 11 7 10 9 10 9 8 10 11
Percentage 83 83 92 66 83 92 58 83 75 83 75 66 83 92

Document M anagement

Document management is the major function of ptagatranet and is the main benefit from
using this technology for the users. It establishesngle and central location to allow the
users store and manage project-related files getkby various applications, such as project
photos, contracts, drawings, specifications, c@dh cand etc. The associated features and
characteristics have been well discussed (WatsdrDavoodi 2002, Asprey and Middleton
2003). In the first instance, the files’ transfaupload & download), sharing and
publishing, viewing, searching and printing are the essentials of a document or content
management system. In addition, to make the betilezation of the documents, some other
features are introduced in the systems to helpufees view the files imultiple formats
remotely, either online or offline. They can thawise, redline, mark-up and modify the files
when required. The file version will be recordedd ahe history can be retractedrile
encryption is applied to enable the documents’ security dutmransmitting and reviewing
procedures. The files would be back-up in a sesa@nder or other storage devices, to protect
them from any possible crash downdisaster. Informationstorage and archival allows a
project team to copy the entire or part of progatiabase to a set of storage devices or media
after the completion of a project, to keep all sseey project records for any dispute and
future operation and maintenance of the facilitiélso, the archived data could provide the
reference for the future bidding.

Currently, the document management systems uspatlyide the supports to workflow
management as antegrated solution. All files should be used seamlessly by otherueszs
such as Request for Information (RFI) and Techriaaries (TQ).
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Table 4 shows the availability of features assedalocument management in the sample
systems.

Table 4: Features Associated with Document Managéme

Characteristic 4P ACO AD AS BC BIW CAD CT CWT EP HP THE PP VIE %
File upload / download Y Y Y Y Y Y Y Y Y Y Y Y 100
File encryption 100
File sharing / publishing 100
Remote viewing 100
Mark-up / revise 100
Notification of change / new 100
Search tools 100
100
100
100
86
64
71

Track record and history
Printing-out
Muilt-format support
File storage and archival
Workflow Integration
Disaster protection
Feature number 13 13
Percentage 100 100 100 100 100 100

< < << <<=<<<<<=<<
< << << <=<<<<<=<<
<< << <<=<<<<<<<
< << <<<=<<<<<=<<<
< << << <<<<<<=<<=<
< << << <=<=<=<=<=<<=<
ZZ2zZ<<<<<<<<<
Z << << <=<=<=<=<=<<=<
< << << =<=<=<=<=<=<<=<
ZZ2zZ<<<<<<<<<
ZZ<<<<<<<<<<
< Z << <=<=<=<=<=<=<<=<
< Z << <=<=<=<=<=<=<<=<
< << << <<<<<<=<<x<

=
w
=
w
=
w
=
w
~N e
N o
© P
NN
N
w
=
o
=
[
=
)
=
)
=
w

100

~
~
[or]
a1
(o]
N
[(e]
N

100

Workflow and Task Management

Project workflow is a process that involves theoauwdtion of construction process and the
activities among project players, e.g., the processapproving a change. Standardized
workflow management is achieved through the momtprof project progress and
automatic completion of some specific tasks (guery management, change order and
approval) and timing response to the Request for Infornmafi®Fl) and Technical Queries
(TQ). The benefit of workflow management can also dmeg through theeal-time event
management and automati¢ask reports andmeeting minute. To keep the work going as
planned, it's also necessary to use Web-baskathdar or schedule andtask reminders.

Table 5 shows the availability of features assedatith workflow and task management in
the sample systems.

Table 5: Features Associated with Workflow and Telsthagement

Characteristic 4P ACO AD AS BC BIW CAD CT CWT EP HP THE PP VIE %
Integrated project calendar Y Y Y Y Y Y Y Y Y Y Y Y Y Y 100
Progress management Y Y Y Y Y Y Y Y Y Y Y Y Y Y 100
TQ, RFI management Y Y Y Y N Y Y Y Y Y Y Y N Y 86
Change order and approval Y Y Y Y N Y Y Y Y Y Y Y N Y 86
Real-time event management N Y Y Y N Y N Y Y Y Y Y Y Y 79
Reporting on workflow Y Y Y Y Y Y Y Y Y Y Y Y Y Y 100
Feature number 5 6 6 6 3 6 5 6 6 6 6 6 4 6
Percentage 83 100 100 100 50 100 83 100 100 100 100 100 67 100

Communication Tools & Add-ons

Improved team communication has been proved anottagor benefit from using project
extranet, which are achieved through online platfand with the help of some brand new or
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mature applications and tools, sucheasail, instant messaging, discussion forum, online
audio/ video conferencing, and etc. As a real-time applianeesb-cam can act as a monitor
or recorder and all participants can be informedhweal-time updates. These features
provide supplement for and facilitate to formal e¢oumication. It is expected that wireless
and mobile communication will add more values da teature.

With the development of technologies, users’ exgemts to the system integration are
continuously increasing. As the response to thepeetations, some system vendors have
developed a number of add-ons or functional modudsich are sold / leased either
separately or as a bundle. Among thehactronic tendering function should be a potential
one and the feature of recordihgalthy and safety status during construction process is also
a positive response to the more and more strictireapent in law.

Table 6 shows the availability of features assecdiatith communication tools and add-ons
in the sample systems.

Table 6: Features Associated with CommunicationlSand Add-ons

Characteristic 4P ACO AD AS BC BIW CAD CT CWT EP HP THE PP VIE %
E-mail Y Y Y Y Y Y Y Y Y Y Y Y Y Y 100
Instant messager (IM) N N N N N N N N N N N N Y N 7
Discussion forum Y N Y N Y Y N N Y Y N N Y Y 57
Audio / Video conferencing N N N N N N N N N N N N N N 0
Web-Cam facility N Y Y N N Y Y N N N N N N Y 36
e-Tendering / bidding Y Y N Y Y Y N Y Y N N Y N Y 64
Healthy & Safety file Y N Y N N Y N N Y N N N N N 29
Feature number 4 3 4 2 3 5 2 2 4 2 1 2 3 4
Percentage 57 43 57 29 43 71 29 29 57 29 14 29 43 57

6. Findingsand Discussion

6.1. Differences of Functions and Features — Answersth® Research Questions

The tables presented in the previous section forlmagsement for further studies. After
checking and comparing the tables one by one,utiees have reached some results that can
answers the rest of research questions.

With regard to the availability of the functionsdaassociated features, the first impression
for the authors is, of all selected systems, ngbae has had all listed features. It means no
any system can be regarded as a total solutiorthie claimed in their disclosure materials.
The thorough examination shows that only Autodestgzzsaw plus Constructware, BIW
and Bentley's systems can supply the most compeeriunctionality, although they are
still lack of some features that may exist in otkgstems.

In addition, it is found that only 6 systems haverenthan 80% listed features in all modules
excluding the communication tools and add-ons mmddlhey are 4Projects, Aconex,
Buzzsaw & Construtware, BIW, CTSpace and VieconBmntley. On the one hand, it
implies that there exists a great difference amalhgvailable project extranets. On the other
hand, this once again gives the evidence that\hgahility of features to all systems is not
in a satisfactory level. Furthermore, we can say the myth of total solution is not really the
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truth. Or, in another more gentle way as Raal. (2002) used, the term of “total solution”
may not have the same definition among the diffedenelopers.

Looking into the tables, the authors have found tia extent of availability for all functions
and associated features is quite different, whielams the system vendors have different bias
on the feature options. As the principle functidocument management module has been
proven a well-established one. Of 13 features aatsatwith this function, 10 of them are
produced by all system vendors, which include dipgoad / download, file encryption, file
sharing / publishing, remote viewing, mark-up /isey notification of change / new, search
tools, track record and history, printing-out, andlti-format support.

In comparison with document management, the comeation tools and add-ons module
gets the lowest percentage. This means the featssasciated with this function are either
optional or immature for an on-sale product. Afeoking into this module closely, instant
messenger is found in only one product and audidgo conferencing has no any presence
in products. Considering their popularity in peralonse and entertainment, they are surely
not immature but are unacceptable by the indusirthe corporate level. Other less-adopted
features are believed to be either immature (eXerelering), or easy accessible (e.g. Web-
Cam), or substituted by other features (e.g. dsonsboard and healthy files).

Another two functions are in the middle place. @f12 features associated with system
administration, 8 are found in more than 90% systemtich include user hierarchical
profiling, user directory / address book, projeengl / dashboard, multi-project support,
customization of project web, project inbox / netiboard, access control / monitor, and
security. These features could be classified estaal and mature ones. Project wizard /
template is only found in 71% of all systems, whimkans this feature is still needed to be
further improved and wider adopted. Localizatiokldlti-language support and Client-end
software are found in less than 50% of systems.yTdre therefore classified maturing
features and their deployment is greatly dependenthe target market and users. The
absence of hand-held devices support is an surgrfgiding", as there have been a number
of publications discussing its implementation tbgetwith wireless communication in the
construction industry (De La Garza and Howitt 19R8boljet al. 2002, Beyh and Kagioglou
2004, Rebolj and Menzel 2004, Kimo#b al. 2005, Azizet al. 2006) and it was regarded
very suitable for the mobile construction proce$hkis phenomenon needs to be paid
attention and in-depth research is required irfuhae.

Of all 6 features associated with workflow and tasknagement, three have been found in all
systems and another three have also got a satisfgoercentage (above 79%). So, all of

these features could be classified established. dnesflects that the concept of integrated

working has been widely accepted by the industhe Workflow management and document
management are now remaining a close relationstdglee integration is achieved in project

extranet as well.

The differences of availability for all featuresncéead to a hierarchical classification on

them, i.e. all features could be grouped into tHexels according to their presence: core
features, established features, and immature dmgtifeatures. The core features include all
of those that have had more than 90% of availgbitile the established ones include those
that locate between 70% — 89% in availability aticbfthe rest are put in the lowest level.

This classification can then be illustrated as Higand shows the difference among all
features again.
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Optiona

Core Profiling Directory Dashboard Multi-project  Customization Notice board
Access control  Security File load Encryption Sharing Viewing
Mark-up Notification ~ Search Track record  Printing Multi-format
Calendar Progress Workflow report  E-mail

Established Template Storage Disaster TQ /RFI Change order Event

Immature Hand-held Localization Client-end Workflow Messenger Forum

/ optional Web-cam e-Tendering H & S files Conferencing

Fig. 1. Features’ Hierarchical Classification

6.2. Supplementary Findings

Besides the differences of all features discusbede another finding from using the system
demo is that some features are not developed gehyaas they should be. As an example,
localization / language option would be a seriomsstderation for most of system vendors if
they want to develop overseas market. Howeverpagh there is some multiple language
support, it seems only an advertisement. When tigasg this feature, the authors tried to
set up a sample project on some systems in a pures2 environment which the vendors
claim the support exists. But the efforts failednmost of cases, because either the system
only provides an English interface or produces wroharacters in the web pages. This kind
of exaggeration will certainly result in the diskéland abandonment to the implementation
of such systems for the end-users.

Yet, there are also some other positive findingsfirst, we find from the tables that all the
systems have no significant shortage in major fonstand features. For the users selecting a
suitable system, it is therefore a good news ag Wié not fear any absence of critical
features. It can surely enhance their belief imgisuch systems. Secondly, all systems have
the same bias on document security. The relatedurt=sa of User’s hierarchical
authentication, File encryption and Security ge@%0Opresence in all systems. This could
then effectively reduce the user’'s worry about segutheir documents and protecting their
privacy. Thirdly, the usability of project extraneds been paid enough attention. In most of
systems, the user can set up their own projectwittbthe supplied wizard. Easy-to-use has
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often been a highlight for the vendors when marnkgtheir system. This is also the case in
compatibility issue as all systems provide multjpct and multi-format supports. Together
with the service of file archival, the migratiomfn one system to another becomes possible.

6.3. Function Overload? Suggestion for Further Study

This research has generated a complete list otifesmt The extent of availabilities and
differences among all sample systems are discumsede. These features more or less are
the components or possibly a part of further evotubf existing systems. They represent the
developer’s perspective in the provision of funcéility. However, whether or not these
functions and features are really what the userg®va

Satisfactory answers to this question should beifsignt, as previous research has found
that information systems often provide some redohdanctions and features. These
excessive functions will result in very loaded omplex sites which will purely discourage

the users.

Hurley (1998) called this “overload”, she added:

“The overload of features and functions forcesousavigate more and more complex routes
to more and more obscure asks. We are workingh®ttéchnology rather than having the
technology work for us.”

This overload can be judged in many ways. The afleé'20/80” seems applicable to
demonstrate this issue although it might be diffita conclude a quantitative result. This
rule is known as Parefwinciple and it is often used to describe a pheswon that, for many
events, 80% of the effects come from 20% of theseauln computer science the Pareto
principle can be applied to resource optimizatigrobserving that 80% of the resources are
typically used by 20% of the operations (WiKi 200If) this research, this rule may be used
to describe that the 80% of users only use 20%uwétionality, or 80% of all features are
actually used by 20% of the users effectively.

However, this judgement needs solid evidence tmatd it. So, there is another urgent need
to undertake a research to analyze the functignftim the users’ perspective, to make a
comparison with the systems’ provision. In thisitofRuikaret al. (2005) have done a case
study aiming to analyze users’ acceptance to preetanet and found that “visionary” and
“market leader” will encourage the adoption of tteshnology. But the users’ requirements
to the specific functions and features are stitl disclosed. We believe the awareness to the
user's exact needs must be taken into accounthassticcessful use of information
technology requires an analysis approach whichstakte account a thorough understanding
of the organizational role (Shaefer 1988).

Our next research will then investigate users’ redds, aiming to find the users’ attitude and
expectation to the functionalities, and to find & between the existing functionalities and
users’ requirements.

6.4.Limitations

Although this research method can effectively estithe provided features from the existing
systems, it has some obvious limitations.
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At first, considering the amount of existing systeim market, the amount of selected sample
systems is limited. Therefore the selected samgpéas only reflect the selected vendors’
perspective and show a partial image to the rekeesc This is a key limitation of this
research. Another key limitation is that the infatran used in this research is mainly based
on the disclosure materials supplied by the systemdors. Their attitude and bias on
features’ presence will somewhat impact on the lresfuthis research. The authors have
made continuous efforts to use the demo systeneseoffby the vendors, to try to find the
facts that the disclosure materials don't stateweiger, not all systems have available demo
software for this usage.

Despite the limitations stated, this research wadettaken independently and therefore the
outcomes of this research are not biased in any Whg authors have paid emphasis on
eliciting the existing features in a reasonable \@ag great care was applied in interpreting
the results as well. If the further improvement the result is required, the suggestion is
testing the systems one by one with the particypatif developer’s software engineering or
system analyst.
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Abstract:

While the delivery of virtual classes is not neeethg a new application of technology as part of
learning, attempting to integrate Ml into the dehy of a virtual class is a new application of e-
learning. The aim of the research is to look at éipplication of multiple intelligence (MI)
profiling within virtual classes that deliver hdaland safety training. It is proposed that two
phases of virtual classes are developed, focusirtgerisk of falls from high building structures.
The first phase of development will be tested darget audience from the construction industry
and the results and conclusions will feed into deeelopment of the second phase. An action
research approach will be used to further refing develop each phase. An evaluation of the
framework has been designed for use before andthéerirtual class to measure the effectiveness
of the learning that took place.

This research intends to provide an innovativeningi approach through developing a virtual class
frame work that applies the principles of multipiéelligence (MI) to health and safety training in
the construction industry. This paper looks at timethodology and approach taken in
implementing a virtual class framework on a taggeup of construction professionals.

Keywords:
Virtual Class, Multiple Intelligence, Learning Mageament System, MIDAS Profiling.

1. Project Description
A network of educational institutes and trainingmganies from lIreland, Turkey, United

Kingdom, Cyprus and France have secured funding tiee Socrates-Minerva Action Program to
evaluate Ml in an e-learning environment througplogng learning resources and evaluating the
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learning experience. This research hopes to proamannovative training approach through
developing a virtual class frame work that appties principles of multiple intelligence (Ml) to
health and safety training in the construction stdu

2. Virtual Classes

With the rapid growth of computer networks and ambes in telecommunication, distance
education has become an important method for deliyeeducation. Technology has the potential
to transform the classroom experience for bothhegec and pupils (Martin, 2005). A virtual
classroom has been defined as: an online learmdgteaching environment that facilitates the
collaboration and integration of discussion forumisat rooms, quiz management, lecture notes
and assignment repositories, subscription serviedsyant web links, email distribution lists and
desk top video conferencing into a conventionaltulec based system(Chye Seng and Al-
Hawamdeh, 2001, p238).

The tools offered by a virtual class tend to faitoi two categories - either synchronous or
asynchronous (Davis and Wong, 2007). Synchronoosramication refers to real time interaction

such as voice over internet protocol (VolP), videanferencing and virtual white boards.

Asynchronous communication refers to delayed icteya which takes place over a period of time
such as forums and wikis (Bower, 2007). It is ssgge that a balanced use of both forms of
communication is needed to achieve an effectiveiairclass (Davis and Wong, 2007 and Chye
Seng and Al-Hawamdeh, 2001).

For educational institutions and for workplace loatsarning, online environments are rapidly

expanding as a channel for the delivery of learrfldigye Seng and Al-Hawamdeh, 2001). The
use of a virtual class offers greater efficiencytraining delivery, supports a greater diversity of

approaches, increases flexibility for learners affiérs extensive interaction (Bower, 2006). While

the use of virtual classes can enhance the comvethtiearning experience the most critical part of
online learning is its ability to foster interagtie student to student and instructor to student
(Davis and Wong, 2007).

Biggs (1999) argues that the three primary typemtafraction are: learner — content interaction,
learner — instructor interaction and learner —rleainteraction. These interactions are a keygfart
any virtual class as they facilitate peer intem@i collaborative learning and peer review (Davis
and Wong, 2007). The relationship between thessettypes of interaction is illustrated in figure
1.

Many aspects of general good teaching practicaliaeetly transferable from traditional face-to-
face teaching to virtual classes (Hawk and Sha@7R0rhe way these practices are implemented
can be different due to the mechanics of the Jilessroom environment (Bower, 2006). The use
of virtual classes shifts the control from the instor to the learner. As a result the online learn
must be self motivated to take an active part exdhline environment (Davis and Wong, 2007).
As students have a more active role in the leartliegnstructor needs to be consciously aware of
the students learning styles. This places theuasir in a position to make informed choices about
course material, design, and learning processeshwhioaden the opportunities for effective
learning (Hawk and Shah, 2007).
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Instructor

Learning
Content

Learner Learner

Figure 1 — Three types of Primary Interaction

3. Multiple Intelliegences

The project hopes to adapt and utilise Multiplelligences (M) theoretical learning principles to
create a virtual class designed for instructingltheand safety principles to construction
professionals (McNamee, 2007).The theory of MI wasgised by Harvard University’s Howard
Gardner in his 1983 bookrames of Mindwhich postulates that individuals possess several
independent ability areas (intelligences). Accaogdio MI, the measure of one’s proficiency in a
particular intelligence is the ability to use itdolve problems and fashion products that are dalue
in a particular cultural setting or environment a(@ner, 1983). Gardner proposes that there are
eight intelligences, these include:

3.1. Linguistic intelligence

Involving the capacity to use language to expresksappreciate complex meanings. For example
poets, writers and storytellers.

3.2. Logical-Mathematical intelligence

Involves using and appreciating abstract relati&ng. Scientists, mathematicians, accountants.
3.3. Spatial intelligence

Concerns the ability to perceive visual and spatitdrmation, and to transform and modify this
information, and to recreate visual images. Thigliigence is strongest in artists, architects,
sculptors and engineers.

3.4. Bodily-Kinaesthetic intelligence

Involves the use of all or part of one’s body tdveoproblems, fashion products, or construct
meaning. For example athletes and surgeons.

107



3.5. Musical intelligence

Allows people to create, communicate and understan@@nings made out of sound. E.g.
composers, opera singers

3.6. Interpersonal intelligence

Is the ability to perceive and make distinctionghiea moods, intentions, motivations and feelings
of other people and to act accordingly. For exarntgdehers and psychologists.

3.7. Intrapersonal intelligence

Enables individuals to understand themselves aaw on that understanding to make decisions
about viable courses of action.

3.8. Naturalist intelligence

Allows people to distinguish among, classify ané teatures of their environment. For example
farmers, gardeners and botanists. Source; (Jo20ax3).

Typically, individuals display ‘jagged’ intelligeleqorofiles that are manifested as different aréas o
strength and weakness and these are the reflecfiothe influences of inherited biology,
environmental culture and life experiences (She2@07).

A key success of a educational frame work based/bmprinciples is the way information is
presented. Gardner envisaged “entry points” whiduld act as “doors” to allow access to an
individuals multiple intelligences. Gardner idei&f five multiple entry points as outlined;

3.9. Narrative

The narrative entry point deals with the ‘storyatlis central to the topic. Examples: case studies,
narrative or themed stories, descriptive accounts

3.10.Logical /Quantitative

This entry point is focused on the numerical atpet a topic. It typically involves deductive or
logical reasoning that can often be captured-tyensyllogisms.

ExamplesStatistics, graphs, logic reasoning tasks.
3.11.Aesthetic

The aesthetic entry point engages artistic aspEcstopic. It may also focus on sensory feature
associated with the topic.

Examples: three-dimensional representations, imag#sos, design activities.

3.12.Experiential
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This entry point should provide students with apapunity to engage with the topic in a *hands-
on’ manner.

ExamplesAny ‘hands on’ interaction with the subject matterlod topic.
3.13.Existential/Foundational

This entry point deals with fundamental, philos@ahiquestions about the nature of the topic, why
it exists, and/or what is its meaning or purpose.

Examples: Any questioning of the foundation or saihse of a topic.

Multiple entry points are designed to serve alklligences. This means that by presenting
information through the five MI entry points, theformation should be accessible by everyone
regardless of their MI profile. The use of the fiMd entry points provides a system where
personalised instruction can effectively take plades relationship between MI and multiple entry
points with personalised instruction is shown gufe 2.

Logical / Mathematical

Linguistic Spatial

Multiple
Interpersonal Intelllggnco Musical

Theory

Intrapersonal Naturalistic

Bodily / Kinesthecially

Narrative Presentation Logical - Quantitative
Story Numerical
Case Study Deduction

Narrative

Personalised

Experiential
Multiple Entry Haﬁgs on Approach
Points

pe——

Instruction

Aesthetic
Sensory Appealing
Textually Appealing

Foundational
Philosophical Facets
Terminology Facets

Figure 2 - Multiple Entry Points as a Part of Mpil Intelligences
When considering MI principles in creating edudadiiocontent it is important to be aware of the
target groups MI profile and present the inform@tio a personalised way using as may of the
multiple entry points as possible (Shearer, 200Ag use of evaluation and feed back tools are
important as they can give an indication of how|daner perceives the content presentation and
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the instructor’s role (Eom et al., 2006). In a wait class this is particularly important due to the
physical separation of the instructor and the leen

4. Resear ch M ethodology

A case study methodology has been used as paheoémpirical approach to evaluating and

deploying the resources used for health and safa&tying in the construction area. The case study
approach as a research strategy can be used enediffsituations to contribute to knowledge of

individual, group, organisation, social, politiGaid related phenomena (Yin 2003, cited in Wall et
al., 2007).

The development and refinement of the research eshase based on an action research
methodology. An action research methodology aimsdive current practical problems while
expanding specific knowledge (Baskerville and Mye2804). Put simply action research is
essentially “learning by doing”. Action researcls leen identified as been especially useful when
evaluating internet related learning, as the aseguite complex and can not be examined by
guantitative methods and individual research a(&ing et al., 2005). The cycles of action research
are illustrated in figure 3. As there has beeielitesearch on the development of an educational
framework for virtual classes using MI principlése action research methodology allows for an
effect model that can be refined and developed.

Faize &
GUESTIOH

PLAH
to zeek
Ansners

REFLECT
an current
actions

FIELDWORK

ANALYSIS HEW
and refledion ACTIONS

Figure 3 - The Cycles of Action Research (Walllgt2007)
5. ldentifying the Elements of a Virtual Class.

Figure 4 attempts to illustrate the elements aftaal class and how they interact with each ather
In the centre is the learning management systemS(Livhich represents the “infrastructure” of
the virtual class. It is the web based interfacectvhconnects the three primary types of
educational interaction: the instructor, the edocatl content and the learner via the learning
community (Biggs, 1999).
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Community Instructor

ASynchronous | synchronous
Content Content

Content

Figure 4 - The Key Elements to a Virtual Class

6. The Choice of L earning Management System

When looking at providing a virtual class an impatt decision is to decide which learning
management system (LMS) to use. Learning managesystéms have been described as a
virtual coat hanger (Cole and Foster, 2007). Edocal content can be made available to
students and their access and interaction can b&oled and monitored for assessment
purposes. The LMS used is arguable the most impiocteoice when planning a virtual class as it
effects the framework and scope of the educaticoakent that will be provided (Cole and
Foster, 2007).

Online learning through virtual classes inheremqilsices more responsibility on learners than
traditional face-to-face learning systems. Learaeesrequired to take an active role in managing
the learning process (Eom et al., 2006). The e¥fesess of the LMS in facilitating personalised
instruction, as advocated by Gardner, plays an itapbpart in the learners self management of
the learning process. The learner-centred actianieg which is an important part of
constructivism, assumes individuals learn betteerwtiney control the pace of learning (Eom et
al., 2006).

In the case of this research the LMS chosen wasalted Moodle. Moodle is an open sources
system which makes it easily adaptable and afféedalhe core education philosophy behind
Moodle is one called social constructionism (Cald &oster, 2007).

Social constructionism is based on the idea thapleelearn best when they are engaged in the
process of constructing knowledge through the &areating an artefact for others (Cole and
Foster, 2007, p10) .This definition suggests thlailenindividuals learn better while controlling
their pace of learning, the sharing with othersairsocial setting is a key element in the
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construction of knowledge. The key focus of Moodleot simply to deliver information at the
learners required pace, it is also to encouragécypants in the sharing of ideas and engaging in
the creation of knowledge. As the Moodle LMS isdzhen a social constructionism philosophy,
it is a good tool for using Ml principles in deliveg educational content.

7. Dim Dim

In order to explore the interactive side of virtaésses the project has decided to use a web
based program called Dim Dim which plugs into M@dDim Dim is a web based program
which allows for advanced collaboration of voiceepinternet protocol (VOIP), video, text and
teaching mediums such as Power Point presentatibms. Dim allows all the members of the
virtual to interact in real time providing the béte of a face-to face classroom in a virtual
environment. Due to Moodle’s open source design Dim can be “plugged into” Moodle and
be accessed as part of Moodle’s content.

Dim Dim is an important tool to creating the soa@avironment where learning can effectively
take place. Figure 5 compares the features of Moadd Dim Dim side by side. When
combined they offer a powerful tool in line withethprinciples of social constructivism
philosophy.

MOODLE DIM DIM

Assignment Desktop & Application
Sharing

Multi User Chat
Audio
Video

Resource WhiteBoard

Wiki Recording & Archiving
Workshop

Lesson
Quiz
Survey

Figure 5 — Comparison of Dim Dim and Moodle Feaure

By using the features of Dim Dim with Moodle thetual class has two sides. There is the static
side which presents information that the learner @ecess at their own pace at any time that
suits them. There is also the interactive side #iflatvs learners to interact with each other and
receive instruction in real time. The static antkiactive sides of a virtual class are important
parts of the social constructivism philosophy.
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8. Content

One of the main aspects of Ml in regard to educalicontent is that the content is presented in
more then one way in order to appeal to a leannéigidual learning style as indicated by their
MI profile (Gardner, 1983). In order to get someddf the MI diversity of the target audience, a
group of 40 construction professionals were askedot a MIDAS test. Multiple Intelligences
Developmental Assessment Scales (MIDAS) is a seffpteted questionnaire which provides a
reasonable estimate of a persons intellectual dispo in the eight designated areas — as laid out
by Howard Gardner (Shearer, 2007).

The MIDAS software for MI profiling was developedy Dr. Branton Shearer as a self
assessment method of identifying the intelligenicengiths associated with a group of people.
The findings of the MIDAS test are not conclusivat bhey do provide a valuable guide in
creating educational content for a target groupe Tiesults suggest that construction
professionals have high levels of skill in spatiaathematical and interpersonal intelligences.
The project members considered these skills tyjedl to the construction professions as well
as been backed up by previous studies (Suraji.e2@06). Based on the MIDAS profiling
results and the project members understandingeotdhstruction industry a ‘Core Graphic’ was
developed to present the educational content iisasil and interactive a way as possible. In this
way the health and safety content could be predeated discussed in the context of a
construction site and appeal to the skill areakliggted by the MIDAS results.

Figure 6 is a picture of the core graphic which idspa construction site and interactively
displays the health and safety hazards which exighe site. Table 2 lists the eight intelligences
and how the core graphic can be used to appelaéto (Acar et al., 2008).

NI RIE KN K] I0E

4

Figure 6 The ‘core graphic’
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Intelligence Examples of instructional activities

Linguistic Writing, editing, discussion (i.e., writing a sdtimstructions on identifyin
hazards, critique written resources such as retesafpty reports)

Logical / Analyzing relevant statistical data, creating greplpresentations (charts,
mathematical diagrams, etc.); devising a strategy to identifgards of falls; conducting
relevant measurements

Spatial / Visual Matching illustrations, photosaartoons with corresponding subject
categories; creating/evaluating site layouts §a#e€ workplaces’)
3odily / Kinestheti Simulations, analysis of workpace/site ergonomics
Musical / Sludio visual elements, designing powerpoint presemts which incorpore
Rhythmic music and visual elements
Naturalistic Computer simulated spaces/environmeities, maps, illustrations, etc.

Interpersonal  Activites that might be designed to incorporatepmyative learning grou

Intrapersonal Activities that might be completexbtigh reflective individual projects

Table 2 Possible instructional activities to begrated with the Virtual Class (Acar et al., 2008)

9. The Role of the Instructor

The role of the instructor is a key part of anyuait class framework. In a study on the quality of
online courses, 90% of respondents seen the iti@maoetween the instructor and students as
been essential to online learning(Young and Norg20@6). As a virtual class is essentially a

user driven experience it would seem that the @btle instructor is to facilitate learner centered

active learning. The instruction becomes commuignatrientated and the instructor becomes a
discussion leader (Eom et al., 2006). Researchestg¢hat the quality of discussion in a virtual

class is dependant on instructor participationlaadership (Young and Norgard, 2006).

10. The Role of the L earning Community

In the educational model of social constructivisotiaborative activities between learners create
a greater sense of community and are associateld mpositive online course outcomes
(Benbunan-Fitch and Arbaugh, 2006). A study onusirtclasses carried out with very little
learner to learner interaction reported low levadlgerceived learning and grade levels among
the participants (Benbunan-Fitch and Arbaugh, 20@6prder to create a collaborative learning
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community an active role from the instructor inatneg forum topics and hosting web chats is
needed (Eom et al., 2006).

11. Conclusion

Due to the number of accidents and deaths in thetaation industry there is a clear need for
innovative health and safety approaches. The usewftual class framework that utilizes Ml
principles is an innovative blend of technology gmdsentation of educational content. This
approach is necessary to deal with the challengessing information and communication
technologies for educational purposes.

The action research methodology chosen for tharelsas effective in providing a flexible basis
to evaluating the virtual class framework and mgkithanges as needed. A key element of the
action research methodology is the evaluation pocsed to feed into the development of the
next phase of the virtual class framework. The watédn process will be made up from the feed
back from participants in pilot virtual classes ahé research findings of Socrates-Minerva
project members.

The key elements to the success of a virtual ¢tadise interaction between the learners in the
learning community and between the instructor d&dducational content. The theory of Ml
allows the instructor to gain an understandinghef differences in learning style that may exist
in the learning community. It also allows educasibcontent to be presented in a way that will
appeal to a group of people with different learngtgles. For optimal success virtual classes
need to be learner driven with the instructor tgkinore of a facilitation role. The use of Ml
principles makes the virtual class experience neamer focused which results in large benefits
to the way health and safety training is deliveegdl the people who will take part in the
training. By sharing the output of the projects elepment of an educational framework for
virtual classes allows the wider education comnyutaitbenefit from principles relevant to using
information and communication technologies in etioca
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Abstract:

Mobile learning which is the intersection of mobidemputing and e-learning provides
accessible learning resources, strong search daigabiand rich interaction anywhere
anytime. Semantic Web technologies offer sevenaéfies to new computing paradigms such
as mobile and ubiquitous computing and are aldooager approach to interoperability than
standards-based approaches. Semantic Web techemtogether with the ontologies provide
rich medium for facilitating mobile learning viaglsemantic annotated learning objects and
shared repositories. However, Semantic Web teclgresdchave not yet been applied widely
to deliver learning objects and support mobile neay. This paper describes SWmLOR
system which illustrates the potential of using iteodevices in learning by demonstrating a
mobile learning objects repository developed usiBgmantic Web technologies and
ontologies. The paper also demonstrates the powerfanctionality of this system by
describing a deployment scenario in an educatiseising.

Keywords:
Learning Objects, Learning Standards, Mobile LeagnOntology, Semantic Web

1. Introduction

The vision of mobile computing is that portable @utation, rich interactivity, total
connectivity and powerful processing. Mobile leamiwhich is the intersection of mobile
computing and e-learning provides accessible lagrnésources, strong search capabilities
and rich interaction. Milrad (2003) defines e-leagh as learning supported by digital
electronic tools and mobile learning as e-learnuming mobile devices and wireless
transmission. Kukulska-Hulme (2002) suggests thabila devices have to be seen as an
extension to current e-learning tools rather thgplacing it. Goh & Kinshuk (2004) also
suggest that m-learning can compliment e-learningreating additional channel of access
for mobile users with mobile devices. An m-learnprgject at Ultralab is producing learning
materials for mobile devices to support the leanaith lack of literacy and numerical
knowledge (Collett & Stead, 2002). LAND (Locatiorctivated Nomadic Discovery) project
at the Ultralab explores the possibility of delivéch context aware information via the
mobile devices (Taylor et al, 2002). Classroom egpees have also proven that mobile
devices are able to support a wide range of legraittivities such as brainstorming and
writing.

However, the development of learning content féeagning tends to be time consuming and
expensive. Educators and curriculum developers temdinvent the wheel as it is continued
to be difficult to produce learning materials tle@n be reused within different learning
contexts. The learning content can be divided sm@ll chunks of learning that are defined
as learning objects. The notion of learning obgzshe from the object-oriented paradigm of
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computer science where objects can be reused. diogpto Mohan & Brooks (2003), a
learning object is a digital learning resource tfaatlitates a single learning objective and
which may be reused in a different context. Thedimental idea behind the area concerning
reusable learning objects (RLOS) is to break aelabdock of electronic learning content into
smaller pieces. Two of the main benefits of thisdomlar approach are the easy updating of
content, by swapping in new objects for outdatedspmnd the ability to reuse content by
using learning objects within other object-basedtent (Edmonds & Barron, 2002). A
learning object repository is a collection of rebisalearning objects enabling educators to
share, manage and use educational resources (LL@R)Ning objects and their associated
metadata are located in distributed Learning Olrappositories (Najjar el at, 2004)here
are many initiatives developed and continue to kgvenumber of learning objects
repositories based on various metadata standardRLAT is a leading edge, user-centred,
searchable collection of peer reviewed, higher atlog, online learning materials created by
registered members. However, the emerging techredogpened new opportunities in
developing repositories with cutting edge techn@sghat can facilitate smart search and
dynamic discovery of learning objects based onrtlassociated metadata and learning
contexts. Recently researchers propose Semanticant ontologies for improving learning
objects metadata (Mohan & Brooks, 2003).

This paper first sets out to provide the overvidwemabling technologies such as educational
standards, Semantic Web and Ontologies. It thefineatthe conceptual framework and
describes SWmLOR system which demonstrates thenfpmiteof using mobile devices in
learning by demonstrating a mobile learning objeefsository developed using Semantic
Web technologies and ontologies. It finally demaoatsts the power and functionality of this
system by describing a deployment scenario in aicatnal setting.

2. Enabling Technologies

There are number of technologies that enable thelolgment of learning objects repository
for mobile devices. However, educational standardstologies and Semantic Web
technologies are the core technologies that endbiedevelopment of the repository.

2.1. Educational Standards

Learning standards provide standardised data stegctand communication protocols for
learning materials and learning management sys{e€@d, 2003). Learning standards are
technical protocols, which promote easy exchangearftent or data between different
systems based on different technologies. Learnamjenit has to be labelled in a consistent
way to be discovered by various search enginesreftre, there is a need for the
standardising and labelling of learning objectsusyng metadata and packaging standards.
There are however, different types of standards élast for these purposes which can be
classified into some general categories for théevegl of learning objects. Learning Object
Metadata is referred as the labelling of learnihgects so that they can be identified via
search engines (Qin & Hernandez, 2004). There amgber of standardisation bodies that are
in the process of creating metadata standardsx@mple, the IEEE (Institute of Electrical
and Electronic Engineering) Learning Technologyn8tads committee produced a standard
called Learning Object Metadata standard (LOM, 2008e Dublin Core Metadata Initiative
also developed a different metadata standard esh ¢lements compared to IEEE LOM. The
UK LOM Core is an application profile of the IEEEa8dard for Learning Object Metadata
that has been optimised for use within the condéxdK education (UKLOM). Therefore to
develop an online repository of learning objecte UK LOM metadata elements were
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studied, that can be used to label each learnijeclof which 44 are optional elements and
the rest are mandatory. Not all these elements Wenyveare found essential to identify
learning objects via the search engine within thiene repository.

Content packaging standards and specificationsvatlourses to be transported from one
learning management system (LMS) to another. Comtackages consist of learning objects
and the information about how these learning objeen be put together to form learning
modules. There are number of initiatives dealinghweontent packaging specification

including IMS Content Packaging specification antivAnced Distributed Learning Initiative

Sharable Content Object Reference Model (SCORMg dhline repository uses SCORM

that provides an API in order to hide LMSs’ implaertagion details from SCOs and thus
notably promote the reusability and interoperapildf learning objects. According to

Sanchez & Sicilia (2004), metadata specificatiagke Dublin Core and LOM see learning

objects relations primarily on a syntactical levahd consequently they do not specify
semantic constraints regarding the descriptionoofceete types of relationships. Therefore
there is a need for semantics within the metadath laarning objects. The next section
provides an overview of the Semantic Web technekgi

2.2. Semantic Web

Semantic Web is an extension of the current welihith information is given well-defined
meaning, better enabling computers and people ti wocooperation (Berners-Lee et al,
2001). The current web, called Syntactic Web caly v accessed by humans and just
provides information in a syntactic manner. HoweweSemantic Web concept, information
is given well-defined meaning that can be accebseobth humans and machines. Semantic
Web has been developing a layered architecture théhtechnologies and standards. These
form the basic buildings blocks for the Semantic bMe support the development of
meaningful web. Fig. 1 shows the latest architettayer for the Semantic Web.

User Interface & Applications |
Trust I
Proof
Unifying Logic |
Ontology:
OwWL
SPARQL 3
o
RDF-S Rule: =
RIF O
XML |
URI/IRI

Fig. 1. Semantic Web Layehtfp://www.w3.0rg/2007/Talks/0130-sb-
W3CTechSemWeb/#(2))
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Universal Resource Identifiers (URIs) can be useddentify definitions for concepts,
especially useful for ontologies & metadata. ReseuDescription Framework (RDF) is
statements linking data so as to describe thingh |18 concepts, objects, etc. It includes
standard vocabulary for describing properties atabsses. XML separates data from
presentation and forms a common way of structudiziia on the web. It also associated with
some other related standards such as NamespaceSchathas. RDF represents metadata
using URIs to identify and locate resources andrmftion on the Web. It provides a graph
model for describing and defining relationshipswaesn resources. Logic and Proof layer
provide reasoning support for the ontologies anchéie new inferences while SPARQL is a
guery language for getting information from suchmR@raphs. Semantic web technologies
provide means for integrating different databased a basis for creating intelligent
information retrieval systems for mobile learnirgjexts repository.

2.3. Ontology

Ontologies are specifications of the conceptuabmatnd corresponding vocabulary used to
describe a domain (Gruber, 1993). It defines th&cbeoncepts and their relationships in a
domain as machine understandable definitions. Tl @Web Ontology Language) is a
language for defining and instantiating Web ontaeg The OWL language provides three
increasingly expressive sublanguages designed &® hy specific communities of
implementers and users. OWL Lite supports thosesusemarily needing a classification
hierarchy and simple constraint features. OWL DlegEription Logic) supports those users
who want the maximum expressiveness without losiogiputational completeness and
decidability of reasoning systems. OWL Full is med&or users who want maximum
expressiveness and the syntactic freedom of RDR mat computational guarantees. OWL
Full allows an ontology to augment the meaninghefpre-defined RDF or OWL vocabulary.

According to Dragan et al. (2004), two kinds of@agies are needed to develop a learning
objects repository. One is ontologies that desctdaning object metadata and other is
ontologies that describe learning object conterithduigh learning object metadata and

content can be structured using ontologies, theilmddarning objects should be developed
such a way that they can used effectively in mobtédgices. As Trifonova (2003) suggests,

mobile learning objects should be simple, short dachain specific. It should not be more

than 5-10 minutes long as the mobile learners shbalable to use their small fragments of
their time for learning. The next section presdhts conceptual framework addressing the
challenges facing the design and delivery of relesi@arning objects.

3. Conceptual Framework

Tirri (2003) sees the m-learning as a way to chahgelearning activities brought by the

possibility to access all the information that v&idable through internet. The unique feature
of mobile technologies is the portability. It alswvides context-aware information based on
the user location. Personalised services will Isemal to offer unique experience for mobile
users. Klopfer et al (2002) identify five propestief mobile devices that produce unique
educational experiences.

» Portability — the dimension of the mobile devicesarms of size and weight

* Social interactivity — interaction with other lears for sharing information and
collaboration

» Context sensitivity — mobile devices can use th&ext information such as location,
time and environment to provide context-aware recgsi
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» Connectivity — mobile devices can be connectedtherodevices and networks using
wireless technologies
* Individuality — learning can be personalized ta suilividuals’ need and preferences

The above features make mobile computing as a fgomteol which has much to offer to
support a wide range of learning activities. Thénanrepository which serves as a portal for
learning community consists of learning objects tten be searched, retrieved and delivered
to other learning management systems. The aimhef repository is to develop an
environment for learning objects that are interapb, transparent and sharable by the
community of educators and learners, and to besadile anywhere anytimelrig. 3 shows
the developed conceptual framework for the learrobgects repository. The framework
addresses three challenges of delivering learninjgcts namely intelligent, dynamic and
sharable. The framework demonstrates how theséeolyals can be overcome by using the
enabling technologies such Semantic Web, ontologied educational standards. The
semantic aspects of learning objects are developetd) metadata, pedagogy and ontology.
Similarly, the delivery of learning objects is asisbed with the ontology, content package
and Semantic Web. The structure of the learningatbjmainly created using pedagogy,
construction domains and SCORM content packaging.

Intelligent

Fig. 3. Conceptual Framework

The conceptual framework is then used to developrahitecture framework for the mobile
learning objects repository. The next section oesi the architecture framework of the
repository.

4. Architecture Framework

Fig. 4 presents the architecture framework of tleen&ntic Web based Mobile Learning
Objects Repository (SWmLOR). The repository is twsding open source software and tools.
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The core of the system is the Semantic Web tooldled Jena. Jena is a Java framework for
building Semantic Web applications. It provides rmgpammatic environment for RDF,
RDFS and OWL, SPARQL and includes a rule-basedenfee engine. The repository has
two separate systems that work together to funcéi®era repository. The learning objects
system is built using Semantic Web technologiesandlogies. The content packages part is
built using SCORM content packaging standard.
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Fig. 4. SWmLOR Architecture Framework

Learning objects can be uploaded, browsed and lss@drwithin the repository. Similarly,
within the repository content packages can be edeasing learning objects, uploaded to the
repository in a zip format and exported to the neéey management systems such as
Blackboard. The next section demonstrates a demaystenario for SWmLOR.

5. Deployment Scenario

Mobile Learning can be considered a lifelong atyihat can take place in changing
communities and mixed with everyday life situationsere people repeatedly enhance their
knowledge and skills (Sharples, 2000). Although ieollearning fosters an individual
approach in terms of creating possibilities whiittbést to the personal learning settings and
preferences, it also opens possibilities for caltakive learning (Abfalter et al., 2004). Fig. 5
presents a deployment scenario for the SWmLORhdiwvs that how the academics and
curriculum developers can contribute and share then learning objects to the SWmLOR
which can then be accessed by mobile learners ubke&ig mobile devices. Mobile learners
should be able to discover and share learning tshjexing wireless and mobile technologies
whenever they need.
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The next step of the research is user test wittiesiis from different courses using various
mobile devices. As described in the scenario, édugashould be able to submit their
learning objects to the SWmLOR and students shbaléble to find the relevant learning
objects. After the user test and evaluation, thetgbype SWmMLOR should be revised
accordingly.

6. Conclusion

Learning objects can be used in several learnimgegts and for different learners in various
levels (Pitkdnen & Silander, 2004). Learning Olgeate more reusable if they are not
heavily bound to a particular learning theory opemlagogical model (Polsani, 2003). This
paper outlined the challenges of designing andveefig learning objects in different

contexts and platforms. Paper also presented tlabliag technologies for developing

learning objects repository for mobile devices atgscribed SWmLOR system which

demonstrated the potential of using mobile deviondearning. It demonstrated the power and
functionality of this system by describing a dempl@nt scenario in an educational setting.
The learning objects repository is currently beenvpluated with the aids of educators,
curriculum developers and students.
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Abstract:

The adoption and diffusion of technological inne@at— electronic banking technology - in
the banking industry is still a relatively new adaesearch. To date, there have been various
technology diffusion and adoption frameworks andhods of analyzing the critical factors
affecting the adoption of new technologies in depell countries. However, issues on
adoption and diffusion of e-baking technologies daveloping countries such as Arab
countries have received very little attention anerée still persists an unclear understanding
of the main factors contributing to the slow adoptiof e-banking technology within
countries in these regions. Thus, the lack of syukelines has initiated the interest of the
researcher in conducting this study. The aim of {haper, therefore, is to understand the
critical factors causing the slow uptake of e-bagkitechnology in Arabic countries.
Conclusively, drawing on prior critical literatureeview on technology adoption and
diffusion, a mixture of key critical factors hasgpeidentified.

Keywords:
E-banking, adoption of technology, technology adwpModels, adoption factors, adoption
of e-banking in Arabic countries

1. Introduction

Recent advances in information technology (IT),nglowith the rapid advancement of
telecommunication systems and emerging technologee&e transformed the manner in
which banking is performed (Black et al., 2001)eTuse of electronic banking technologies
(e-banking technology) such as Automated Teller iNtaes (ATMSs), Tele-banking, Home

banking and Internet banking in the delivery of kag products and services has
increasingly become an essential part of contemmpdranking systems (Bitner et al., 2000;
Robinson, 2000), due to the fact that banking sess/are almost informational (Mols, 1998;
Bradely & Stewart, 2002), and thus they are eaailjomated and digitised (Porter and
Millar, 1985).

The term of e-banking technology is relatively n@oenaert & Lievens, 2000), and several
definitions have been cited for it (e.g., Danie99&, 1999; keyes, 1999; Karjaluoto et al.,
2002; Nikola et al, 2002; Richard, et al 2003; lamsst al., 2005). Nevertheless, the majority
of banking technology researchers and practitiorgree that the concept of e-banking
technology refers to the system that enables f&mlboffer their customers access to their
accounts to transact business and obtain informafi® electronic communication channels
such as Automated Teller Machines (ATMs), Tele-liagk Home banking and Internet
banking (Turban, 1999).
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The need for the adoption of e-banking technolagyhe banking industry covers various

motivations and rationales. Most banks consideratt@ption of technological innovations e-

banking technology as a means for better effigiesnad performance, and service quality
improvement (Robinson, 2000). Many banks are awatbe benefits of adopting e-banking

technology, for instance, Jayawardhena and Fole§QRargue that two fundamental reasons
justifying the need of e-banking technology in bagkindustry. First, banks have realized

the power of technology in driving down transactigmocessing costs by offering e-based
services. It has been proved that e-banking teclgiyak the cheapest delivery channels for
banking products once established (Sathye, 1998jnRon, 2000; Giglio, 2002). Second,

technology creates new market places and oppasdsrfiir banks. It reduces physical trade
obstacles, increase market access and trade etfic{&halfan and Akbar, 2006).

However, technology adoption in banking industrys heeen widely researched in more
developed countries(e.g., Liao et al., 1999; Wang.e2003; Gerrard & Cunningham, 2003;
Liao & Cheung, 2002 and Moutinho & Smith 2000), yeeére is still a lack of research
relating to developing countries, particularly inah Gulf regions. For instance, the adoption
of e-banking technology as a technological inn@rain the banking industry is at present
not meeting current expectations in Arabic coustiiiéhalfan & Alshawaf, 2004), due to
various factors, and therefore there is a paramowed to identify the critical factors
preventing the adoption and diffusion of e-bankimghose countries. Thus, the lack of such
guidelines has initiated the interest of the redw®arin conducting this study. Accordingly,
to address this research gap, the aim of this pépenefore, is to highlight the critical factors
causing the slow uptake of e-banking technologgrab Gulf regions by reviewing the role
of existing technology adoption frameworks in explag the factors influencing e-banking
technology in banking sector.

2. Resear ch M ethodology

Since the aim of this paper is to highlight criti¢actors influencing the adoption of e-
banking in Arab countries, the overall research hoé@blogy will be based on a critical
literature review. Reviewing the literature is Vita respect of any research study, since it
allows the investigator to discover what work hasay been undertaken and published in
the subject area being pursued, and hence, it gvelear direction for the researcher to
follow.

In exploring the literature, the review covers thedy of knowledge related to banking
development in developing countries, and bank’gm@ss in advanced countries. As a result
it will provide information regarding how bankingdhnology has been adopted and
developed in these differing environments, whathtetogy adoption frameworks have
emerged as good strategies to follow, and whaalgthave been experienced by countries
during their banking developments. From this infation, it is possible to identify aspects of
a better technology adoption framework, and to rdetee how effective this framework
might be in the Arabic context.

3. Liturture Review
3.1. Technology Adoption

Technology adoption is the process through whidpwoisations or individuals decide to
make full use of an innovation in their daily buesses (Khalfan and Akbar, 2006).
Therefore, e-banking technology as a process inmmvéliao et al, 1999) could be studied
from the perspective of the adoption and diffussddimformation technology innovations.
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Prior technology diffusion literatures have beerlwecumented in the literature and ended
up with a core set of theoretical frameworks. Thresjewing these frameworks may aid our
thinking of understanding e-banking technology dawop issues in an Arabic banking
environment.

3.1.1. Technology Adoption Frameworks

Technology adoption frameworks are information eysttheories that have been used in
studies of innovation diffusion and adoption, amovide a theoretical base for examining the
factors contributing to technology diffusion andoption in organisations (Davis et all,
1989). These models include the technology acceptamodel (TAM) proposed by Davis
(1986); the diffusion of innovations theory propodsy Roger (1983); the theory of reasoned
action (TRA) proposed by Ajzen (1975) and the tlgexirplanned behaviour (TPB) proposed
by Ajzen (1991).

The following sub-sections will look into the chetaristics of the most popular frameworks.
Their objectives and weakness are discussed.

3.1.1.1 Diffusion of innovation theory (DI T)

One of the most widely recognised technology adoptirameworks of today is the

innovation diffusion theory (Liao et al. 1999). [Beped by Rogers in 1962, it has since
been used to date to explain the process of infmvatiffusion and adoption. Rogers’s

theory is divided in three elements (see Figure): 3al characteristic of an innovation,

individual's characteristics, and communicationrafgls. Innovation characteristics play an
important role in the diffusion of technologies.rtludes relative advantages (which refers
to the extent to which the innovation is perceivasl superior to all other options),

compatibility (refers to the compatibility of theanovation with the value, needs and
experiences of adopters), complexity (refers tdfialifty to understand and use the
innovation), observability (refers to the benetitat can be perceived from the innovation)
and triability of an innovation (refers to the pibilgy to perform the innovation before its

actual use.

Adopter’s characteristics also play a crucial ratethe diffusion of any technological
innovation (Rogers, 1995). Rogers identifies fiagegories of technology adopters, differing
in terms of their adoption rate. These categoniesaa follows:
« Innovators: are the first adopters who want totkey new technology, no matter of
how rash or risky is the technology.
» Early adopters: are those who are interest in duhnology itself with positive
attitude.
* The early majority: are a group of people who thagcision period is longer than
innovators and early adopters.
* The late majority: are people who are cautiousdmpatechnology till the technology
had been adopted by others.
* Laggards: are those who have negative technoldgyds and are the last to adopt
the technology.
Furthermore, Rogers (1995) argues that communitat@nnels, through which innovation
is adopted, are also critical factor in the difrsiof innovation. According to Rogers,
potential adopters are influenced by two types aimunication channels: mass media
channels and word of mouth channels.
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Innovationcharacteristics| | Adopter’s categories Communication Channels
Relative advantages Innovators Mass media channels
Compatibility Early adopters Word of mouth channels
Complexity Early majority

Trialability Late majority

Observability laggards

Risk

Diffusion and Adoption of an
innovatior

Fig 3.1: Diffusion of innovation Theory adaptedrfrdRogers, (1995)

3.1.1.2 Technology Acceptance Model (TAM)

One of the most utilized and cited model in studyinformation technology diffusion and
acceptance is the Technology Acceptance Model (TADBvis et al.,, 1989). TAM was
developed by Davis in 1989 and its goal is to peva basis for tracing the impact of
external factors on user’s attitudes and attentitoaccept new technologies (Davis, 1989).
The TAM suggests that when users are presentedanew technology, there are two main
factors that influence their behavioural intentidosuse it, namely: ‘perceived usefulness’
(PU) and ‘perceived ease of use’ (PEOU) (see Fi@u2¢ Perceived usefulness (PU) was
defined by Davis (1989) as the degree to whichviddals believe that using a particular
system would enhance their job performance” (p.3@@reas perceived ease of use (PEOU)
refers to the degree to which individuals belidvat tusing a particular system would require
no effort” (p.320). According to Davis et al. (198%EOU and PU have a capability to
determine the actual use (usage behaviour) ofdhetechnology.

It has been found that TAM’s ability to explain ittle towards using a particular
information system is better than TRA and TPB theofMathieson, 1991) because TAM
has the ability to consistently explain a signifitamount of the variance in usage intention
and behaviour. For instance, TAM was found succégsf predicting the application of
several information technologies such as microcderpword processing software, general
information systems, computer spreadsheets (Mathjel991).

Perceived
usefulness (Pl

External
factors Attitude Intention Adoption

A >
Perceived Ease/v
of use (EOU

Y

Fig. 3.2: Technology Acceptance Model (TAM) adapiedn Davis, et al., 1989)
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3.1.2 Critique of technology adoption frameworks

There have been numerous attempts to provide alysaf adoption frameworks for
gaining technology adoption. However critics of mtseories and models of technology
adoption and diffusion argue that although sucmé&waorks are undoubtedly valuable, their
adoption is often constrained by the following:

 They are all simple frameworks and they tend tousoon behaviour intention of
technology adopters to perform a technology and ljig attention on the impact of
organisational and environmental factors on theptido of technology (Prescott and
Conger, 1995).

* The majority of the studies relating to the tecloggl diffusion and adoption have been
conducted in developed countries and, therefotesrie.g., Aladwani, 2001; Khalfan, et
al, 2002; Kamel & Hassan, 2003) argue that thasdied are less predictive when tested in
developing countries such as Arabic countries. Tamue that the existing technology
adoption frameworks are developed and invented éstérn societies. This means that they
are designed to serve the purpose of such sociétesrdingly these frameworks may not
be applicable to determine technology adoptionan-Western countries such as countries
in Arab reigns.

3.2. Adoption of E-Banking in Banking I ndustry

In recent years, the increasing application of ekbey technology in the banking industry
has covered a wide spectrum. According to Moen&eitievens (2000), the study of

adoption of technological innovation in the bankimglustry is a relatively new area of
research, they assume that research in this fieldhdt commence until around the mid
1980s. Black et al (2001) suggest that the teclgyolmoption frameworks are the starting
point of any study which investigates the adoptibe-banking technologies.

Drawing on prior literature on technology adoptioameworks, several authors have used
the above technology adoption frameworks to ingesti factors affecting the adoption of e-
banking technology in banking industry. Liao et @999) investigated the adoption of e-
banking in Hong Kong by using the framework of theory of planned behaviour (TPB),
which assumes that adoption is determined by iterto perform the innovation. However,
the authors found that the framework is partialpplecable to the context because its
variables were found to be weak and limited. Waingl.e(2003) tested also the applicability
of the technology acceptance model (TAM) to e-bagkn Taiwan and found evidence that
perceived ease of use, perceived usefulness, anceiyed credibility of e-banking
technology all had a significant positive effectmeople’s intention to adopt e-banking.

In another study in Singapore bank customers, arabCheung (2002) used the TAM model
to predict the adoption of e-banking and found thadividual perceptions regarding
accuracy, security, transaction speed, user-friea@s, user involvement, and convenience
were proved to be an effective way of attractingl aataining bank customers. Parallel
findings came from Moutinho and Smith (2000) whaids#d the behaviour of bank
customers in the UK towards automated banking sesvtoncluded that ease of banking and
convenience were the two important factors in adopprocess. Mattila et al. (2003) tested
the characteristics of adopters of diffusion ofamation theory found that household income
and education had a significant effect on the ddopif e-banking among mature consumers
in Finland, whereas perceived difficulty in usingntputers combined with the lack of
personal service in e-banking were the main bartieradoption. In Turkey, Polatoglu and
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Ekin (2001) listed nine factors that, accordinghe authors, influenced the diffusion of e-
banking. These were: “relative advantage”, obsalitgh “trialability”, “complexity”,
“perceived risk”, “type of group”, “type of decisiy, and “marketing effort”.

To sum up, although some of these frameworks peowight into factors influencing
adoption of e-banking technology, however, the &daprate of e-banking differs from one
country to another, especially less developed cmsmtbecause different countries have
different factors that facilitate or hinder the ption process (Shao et al, 1996).

3.3. Adoption of E-Banking in Arab Countries

The adoption and diffusion of e-baking technologyhe Arab regions in comparison to other
countries in North America, Europe, and other dawielg countries is still at its very early
stages (Rasmy et al., 2005). Danovatzal, (1995) noted that there were lower levels of e-
banking adoption in the Arab of the Middle Eastrnthaight be expected, especially in
comparison with other comparative developing pafthe world such as Eastern Europe. e-
banking adoption in the Arab countries at this stdmas not been fully researched by
academia or practitioners in the region. Many coestin these regions are still lagging far
behind the developed countries in terms of the adomf e-banking technology, and many
banks in these regions are not yet ready to adcepe lack of basic infrastructure, sufficient
funds, top management support, the low level of mater literacy, level of education, lack of
skills and expertise in the filed ad resistanceotganisational change have all been
considered to impede the adoption of e-bankingrteldyy within these countries (Alshawaf,
2004). The following sub- section will look intoehmost important factors influencing the
adoption of e-banking technology in Arab countries.

3.3.1. Factorsinfluencing the adoption of e-banking in Arab countries

Several research studies which identify criticatdas affecting the diffusion and adoption of
e-banking technology in developing countries inegah and specifically Arab counries (e.g.,
Karjaluoto et al, 2004; Chan & Lu, 2004; EI-AdIyQ@3; Jaruwachirathanakul & Fink, 2005;
Polatoglu & Ekin, 2001; Kamel & Hassan, 2003; Khalf& Alshawaf, 2004; Aladwani,
2001; Sathye, 1999) have been conducted.Theseddwoe been classified in three groups:
cultural factors, technological factors and orgatianal factors.

* Cultural factors
The influences of cultural factors tend to playi@portant role in the diffusion and adoption
of e-banking technology. These factors is relatedsocial issues such as, customer’s
perception and beliefs towards technology, custaasvareness and education and language
compatibility. Customer’s perception is proven t® & crucial factor in shaping behavior
towards technology diffusion (Davis et al, 1989).the context of banking industry, many
studies have focused on the analysis of custonpatseption such as perceived relative
advantages and perceived risk of e-baking techiyol&glative advantages of e-banking
technology refer to cost and time savings, convegs, transaction speed and an accuracy of
information (Polatoglu & Ekin 2001). Whereas peveel risk of e-banking refers to lack of
security and privacy over the internet (Chan and 2004). Language emerges also as a
cultural factor influencing the adoption of e-bamkitechnology. In the Arabic context, the
importance of language for example, found, durlmg mhid-1990s, as a significant barrier in
spreading any ‘Western-developed technologies’an-Bnglish countries (Al-Abdul-Gader,
1999).
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» Technical factors
Technical issues such as availability of a basohnelogical infrastructure could be very
significant in successful diffusion of advancedhtemlogy in banking industry (Mougayar,
1998). e-banking needs information and communinatechnologies, mainly: computers,
Internet, local area networks (LANs) and ATMs, éfmugayar (1998) stated that e-banking
expansion is likely to be facilitated within a geapghic area when a solid
telecommunications infrastructure is in place. Efi@me, e-banking expansion is likely to be
impeded when such condition are not met. Sevesalarehers (e.g, Khalfan et al, 2006; Al-
Abdul-Gader, 1999 and Aladwani, 2001) assessedntneduction of e-banking facilities
Arabic banks and pointed out that lack of adeqtetknological infrastructure is seen as one
of the problems faced by developing countries iildng e-banking solutions.

* Organizational factors
This refers to organizational issues such as masagerception, bank’s knowledge and
awareness of new technology, resistance to chdage,of financial resources and skilled
personnel (Gerrard & Cunningham 2003). Mols (20&Hues that managers’ attitude is the
most important factor influencing the adoption ratee-banking system. In the Danish
experience, for example, Mols (2001) pointed owat tilop management support is the most
important factor driving the introduction and expdion of e-banking. Another
organizational factor is a resistance to changeidimnce to accept new technologies can
often emerge during the organizational change (Mefl01) because first, the bank's
employees may feel threatened if the adoption bhmking technology makes their job
redundant, and a second is managerial fears absiagl control. Knowledge and awareness
of perceived usefulness and ease of use of e-bgéahnology is seen as a major obstacle
towards the adoption, especially in Arabic coustrialadwani, 2001). Banking literatures
suggest that if banks are unaware of the beneffisstmnking technology, this will act as a
constraint, and essentially prevents e-banking ftmeing adopted (Kelegai & Middleton,
2004). Thus, there is an important awareness halerteeds to be exerted to diffuse the use
of e-banking technology among banks. Banking litees in developed world also show that
Lack of financial resources and skilled personngl important barriers to technology
diffusion and adoption (Prescott and Conger, 1998ese barriers within Arabic context
were also recognized by Aladwani, (2001) who sth# the lack of skilled personnel and
sufficient funds seem to be very strong factorslowing the adoption rate of e-banking
technology in Arabic countries.

4. Conclusion and FutureWork

This paper has reviewed the relevant literaturedifiusion and adoption of technology in
general and more specifically technology adoptiobanking sector. The general finding of
these paper show that to date there have beenusargzhnology diffusion and adoption
frameworks and methods of analyzing the criticatdes affecting the adoption of e-banking
technology and these frameworks all have theitikgdenefits and limitations, as discussed
in section 3.1. Yet, a framework that could invgste how certain factors could have a
different influence on adoption and diffusion ofbanking in developing countries,
particularly Arab Gulf regions has not been estditdd. In general, e-banking adoption in the
Arab regions at this stage has not been fully mrebea. Many countries of these regions are
still lagging far behind the developed countrieserms of the adoption of e-banking, and
many banks in these regions while they are condinteat e-banking reduce costs
significantly and brings many advantages are nadye¢o adopt it. A mixture of critical key
factors such as lack of basic technological infragtire , low level of computer literacy and
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education, lack of technology awareness among lwargtomers, shortage of IT skilled
personnel, technology investment costs and IT laggulifferences have all been found to
make e-banking unattractive in developing countries

Finally this paper can be considered as an attempighlight the factors that have been
responsible for the slow uptake of e-baking apphbee in the Arab Gulf regions, but further
research is required to empirically test the validand reliability of Western-developed
technology adoption frameworks in explaining theo@tn of e-banking technology in
Arabic countries.
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Abstract:

Electronic readiness (e-readiness) presents apaitioln, measurement or “benchmark” for
the capacity of nations (countries) to participatéhe global digital economy. In this context,
an advanced state of national e-readiness is ndedetonomies to expand nationally and
internationally; and for businesses to readily cetapin the open market. It is therefore
imperative that organisations align their busirgsategies with e-readiness strategies in this
respect. This paper investigates the initiationjettgoments and practice of e-readiness of
nations, and presents a case for possible adogtionthe Construction Industry and
organisations within.
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1. Introduction

Globalisation has fundamentally altered the worddr®my, and has created winners and
losers. Reducing inequalities, both within and lesw countries, and building a more
inclusive globalisation policy is the most importatevelopment challenge (UN, 2008). In
this context Information and Communications Tecbggl(ICT) innovations are increasingly
having important implications on business and samoomic development due to their role
in introducing and diffusing the concepts of knosige sharing, community development and
promotion of equality. The implications can be fait the individual, organisational and
societal levels. While the basic needs of humankiaxeke long been food, clothing and shelter
— the time has come to aduhformation’ to this list (UN, 2007). The implications on
developing nations could be remarkably effectivethEse technology innovations are
properly introduced and managed. However, if thel@mentation process is not well
supported and controlled, the result could be aremsing digital divide between the
developed and developing worlds (such divide abgst® within nations, especially among
developing nations). It is therefore important wid the fact that ICT could be marginalised
in the development process. Thus, there is an urgsed to show that ICT can generate the
wealth of the enterprise, which in turn pays fociseconomic development at large. In this
context, ICT can help deliver the productivity gatihat would have been unthinkable many
years ago.

ICT should be looked at as a platform for developime&ithin a macro perspective that
addresses different individual, organisational desielopmental needs. Therefore, over the
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past two decades, numerous studies have undethaeonportance of coordination for the

formulation of national ICT strategies. The need f@sources mobilisation, proper

environment, legislations and regulations, amomgsér elements is important for building

and sustaining an outcome-driven ICT infrastructifer societies to develop, grow, and

benefit from the ICT evolution, nationwide introdien, adoption, diffusion and adaptation

of technology should take place, something thataiglly seen in developing nations where
most of the technology implementations and infragtire are focused. All these elements
identify the importance of developing national IGifategies. These strategies aim to build
capacities to use ICT in the socio-economic devekq, help provide clear strategic

objectives and guidelines, as well as nationalatites and action plans to help each country
take an essential step in this field.

Countries around the world are recognising the mamze and need of a national ICT
strategy. All these strategies are well documentéidm the less developed countries, such
as the Azerbaijani Decree for the adoption of NatloInformation Communication
Technologies Strategy 2003-2012 (NICTS, 2008), twedMauritius National ICT Strategic
Plan 2007-2011 (NICTSP, 2007); to the more techyiold advanced nations such as the
Japanese Science and Technology Basic Policy REp8iftP, 2005) and the European i2010
(EC-ISM, 2007). Other national initiatives such the Malaysian E-Tendering Initiative
(Lou, 2007) and the American FACNET (Alsageffal, 2006) demonstrate the importance
and power of national policies where ICT is coneeln

There are a number of challenges facing nationaldpment plans when it comes to ICT,

including electronic readiness, policies and retjutes, infrastructure development and

deployment, legal framework, universal access,rddg, language, culture readiness,
appropriate business models for public-private ngaghip, transparency and governance,
intellectual property rights, privacy, and secumyongst others. It is important to address
the issues faced by developing nations in strivéhdevelop and grow, whilst capitalising on

the opportunities enabled by emerging ICT.

2. Electronic Readiness (E-Readiness) for Nations

The question of how e-strategies could be desigumedi implemented, and their role in
broader national development strategies, has redegvowing attention in the international
forums where the issue of the global digital divisldéeing addressed. The convergence of e-
readiness and other initiatives of the internaticdianmunity seem to indicate that there is
agreement about the priority attention that ICTige$ should receive in poverty-reduction
strategies. Success stories about how particulanumities, enterprises or governments in
developing countries have used e-commerce to cre@te economic opportunities are
continually emerging.

For a start, there is no single accurate definifmne-readiness; different groups describe it
differently. To provide a holistic overview, a feloughts are outlined here to help prompt
this discussion. The World Information Technolagyd Services Alliance (WITSA) states
that an e-ready country requires consumer trug-@ommerce security and privacy; better
security technology; more trained workers and lotvaming costs; less restrictive public
policy; new business practices adapted to the nmédion age; and lower costs for e-
commerce technology (WISTA, 2004). While the Unit¢gttions appraise e-readiness as the
public sector e-Government initiatives of membetedt according to a weighted average
composite index of e-readiness based on websiteess®ent; telecommunication
infrastructure and human resource endowment (UR5R0rhe community assessment of e-
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readiness by the Center for International Develapmidarvard University (2007) describes
an e-ready society as one that has the necessgsycaghinfrastructure (high bandwidth,
reliability, and affordable prices); integrated mamt ICTs throughout businesses (e-
commerce, local ICT sector), communities (localteaty organisations online, ICTs used in
everyday life, ICTs taught in schools), and the &owment (e-Government); strong
telecommunications competition; independent regufatvith a commitment to universal
access; and no limits on trade or foreign investm@n the other hand, the Technology CEO
Council (2005) views an e-ready community as be&qgipped with high-speed access in a
competitive market; with constant access and agipdic of ICTs in schools, Government
offices, businesses, healthcare facilities and spmeer privacy and online security; and
Government policies which are favourable to promgpticonnectedness and use of the
network. E-readiness can also be defined as thieidgtof an economy to use Internet-based
computers and information technologies to migratalitional businesses into the new
economy, an economy that is characterised by thigyai perform business transactions in
real-time — any form, anywhere, anytime, and at@uge (Buiet al, 2002). A brief synopsis
of these reports and definitions can be seen iheThb

Table 1: Various definitions of e-readiness

REPORT DEFINITION OF E-READINESS

Economist E-readiness is the “state of play” of a country’s
Intelligence Unit information and communications technology (ICT)
(2007) infrastructure and the ability of its consumers,

businesses and governments to use ICT to theifihene
When a country does more online — or, as is
increasingly the case, wirelessly — the premigbasits
economy can become more transparent and efficient.

Center for Readiness is the degree to which a community is
International prepared to participate in the Networked Worlds It
Development, gauged by assessing a community’s relative
Harvard University advancement in the areas that are most criticdlCfor
(2007) adoption and the most important applications ofdCT

When considered together in the context of a girate
planning dialogue, an assessment based on these
elements provides a robust portrayal of a commisity
Readiness. The value to a community of assessing it
Readiness lies in evaluating its unique opportesiti
and challenges.

Asian Pacific Readiness is the degree to which an economy or
Economic community is prepared to participate in the digital
Cooperation (APEC) economy. Every economy, regardless of its level of
(2000) development, presents a readiness profile on titead|

stage, composed of its national policies, level of
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technology integration, and regulatory practices.
Readiness is assessed by determining the relative
standing of the economy in the areas that are most
critical for e-commerce participation.

McConnell E-Readiness measures the capacity of nations to
International & participate in the digital economy. E-Readinedtés
World Information source of national economic growth in the networked
Technology and century and the prerequisite for successful e-lmssin

Services Alliance
(WITSA) (2000)

The World The report of the survey states that an ‘e-readyhtry
Information requires consumer trust in e-commerce security and
Technology and privacy; better security technology; more trained
Services Alliance workers and lower training costs; less restricpuélic
(WITSA) (2004) policy; new business practices adapted to the
information age; and lower costs for e-commerce
technology.
United Nations This UN report assesses e-government readiness of
(2008) Member States, according to a quantitative comgosit

readiness of e-readiness based on website asséssmen
telecommunication infrastructure and human resource:
endowment.

In spite of all the differences in definitions aagdinions, this paper takes the position of e-
readiness as “measure of the degree to which atrgpuration or economy may be ready,
prepared or willing to obtain benefits which arfsem the digital economy”. E-readiness
reaches its optimal level when the economy is &blereate new business opportunities that
could not be done otherwise.

3. International E-Readiness Assessments, ReportacRankings

Today, there are various e-readiness assessmepistsand rankings available to the public;
formulated through quantitative and qualitativeegesh by numerous Governments, private
and non-profit organisations. Each report is oftenproduct of different methodologies, and
divergent definitions of e-readiness. Therefore timdings of the various studies are not
consistent with each other. Nonetheless, everydiness assessment, report and ranking are
meant to guide nations by providing benchmarksctonparison and gauging progress, and
can also be useful for judging the impact of IGX¥réplace exaggerated claims and anecdotal
evidence with concrete data tool. IN this contexstudy conducted by bridges.org (2005),
reported that a total of 1506 e-readiness assessrhave been conducted and a total of 188
countries have been assessed by at least oneltakeport further states that a total of 68
countries have been assessed between five andrtes lby different organizations, while a
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further 69 countries have been assessed overnes.tiOnly four countries have never been
assessed: North Korea, Tuvalu, Monaco and Naurus,T&readiness assessments, reports
and rankings can be divided into two main categotigose that focus on basic infrastructure
or a nation’s readiness for business or econonuiwilr (e-economy), and those that focus on
the ability of the overall society to benefit frol€T (e-society). The e-society tools
incorporate business growth and use of ICT as @atheir larger analysis, and consider
business growth necessary for society's e-readitegzonomy tools also include some
factors of interest to the larger society, suchpasacy and universal access. Rough
categorisations for e-economy include APEC (20083Connell (2000) and EIU (2007)
reports; e-society include CID (2007) and UN (200&)orts. For example, the Center for
International Development (2007) model looked atvhaformation and communications
technologies (ICTs) were used in society, while tieEC (2000) method focussed on
government policies for e-commerce. A brief synspsif the reports and associated
measuring tools can be seen in Table 2.

Table 2: Various reports and measuring tools foeaginess

Report Measuring tool

Economist There are nearly 100 separate quantitative and
Intelligence Unit qualitative criteria, which are scored by EIU caoynt
(2007) analysts and organised into six primary categeries

Connectivity and technology infrastructure (20%),
Business environment (15%), Social and cultural
environment (15%), Legal environment (10%),
Government policy and vision (15%) and Consumer
and business adoption (25%). These are, in turn,
weighted according to their assumed importance as
influencing factors.

Center for The Guide requires significant participation and
International interpretation on the part of its users. It exaraifh@
Development, different categories of indicators, ranking each by
Harvard University levels of advancement in Stages One through Four.
(2007) The categories fall within five groups — Network

Access, Network Learning, Networked Society,
Networked Economy and Network Policy. The
categories are linked, each driving the othersh suc
that a community cannot concentrate solely in one
area, but must pay attention to each, noting wiere
might be able to capitalise on synergies among the

categories.
Asian Pacific APEC presents a readiness profile on the globgksta
Economic composed of its national policies, level of teclugyl
Cooperation (APEC) integration, and regulatory practices. Six broad
(2000) indicators of readiness — Basic Infrastructure and

139



Technology, Access to Necessary Services, Current
level and type of use of the Internet, Promotiod an
Facilitation Activities, Skills and Human Resources
and Positioning for the Digital Economy — for e-
commerce are developed into a series of questions
that provide direction as to desirable policies thi
promote e-commerce and remove barriers to
electronic trade.

McConnell The ratings combine a dynamic evaluation of the
International & relevance and accuracy of available quantitativa da
World Information with an understanding of myriad cultural,
Technology and institutional, and historical factors relevant e t
Services Alliance actual situation in each country. The ratings mesasu
(WITSA) (2000) status and progress on five interrelated attributes

Connectivity, E-Leadership, Information Security,
Human Capital, and E-Business Climate.

United Nations This UN Index is a composite index comprising the

(2008) Web measure index, the Telecommunication
Infrastructure index and the Human Capital index.
The Web Measure Index is based upon a five-stage
model, which is ascending in nature, and buildshupo
the previous level of sophistication, of a stataiine
presence. The telecommunication infrastructurexnde
is a composite weighted average index of six prymar
indices based on basic infrastructural indicators,
which define a country’s ICT infrastructure capgcit
and the data for the human capital index reliethen
UNDP ‘education index’ which is a composite of the
adult literacy rate and the combined primary,
secondary and tertiary gross enrolment ratio with t
third weight given to adult literacy and one thied
gross enrolment ratio.

In Europe, the e-Europe Action Plan, endorsed g niember states of the European
Commission in June 2000, encouraged small and mreeénterprises (SMESs) to go digital
through a coordinated networking activity for theclegange of knowledge on best practices,
e-commerce readiness, and mainstreaming e-comniet@etheir business strategies. In
addition, the Action Plan envisaged that by 2008roke would have a dynamic business
environment with a public policy to provide addesdue in the area of legislation affecting e-
business (Commission of the European Communiti@2R By the end of 2003, the
European Union member states had established ap&amoe-business support network,
federating existing European national and regigolayers in this field with a view to
strengthening and coordinating action in supporSMEs in e-business. The Commission
was further expected to foster geographical antbsscclusters of SMEs working online to

140



encourage innovation in e-business, sharing of gwadtice and promoting guidelines and
standards (Commission of the European Communi€§€2). This initiative has been

extended with the introduction of the European @(EC-ISM, 2007).

From an e-readiness ranking perspective, the pgareess and coverage of reports have
been all-encompassing — see Table 3. Thus, frorfeTalit can be seen that there is no
shared congruence of agreement between the findings
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4. E-readiness for Construction Organisations

ICT holds tremendous potential for improving coastion businesses. It has become widely
accepted that ICT can play a vital role in expagdime construction business especially by
the emergence of the Internet. While the indusdryaicing globalisation and an expanded
knowledge-based economy, the capability of ICT nslaniable for achieving competitive
advantage (Adriaanse and Voordijk, 2005; Cart2007).

Today, ICT is becoming an important element of amrganisational infrastructure,
particularly to address construction business imgmeent. For small businesses, standalone
applications such as e-mail, presentations andrtrepdting are seen to be essential
components for running any business. For larggamisations, the picture is more complex
where ICT infrastructure plays a key role in supipgr core business functions. However,
there is ample evidence that ICT has failed to doréibout a competitive advantage to
organisations in spite of the large investments tive past decade, and a large percentage of
systems have failed to achieve their intended legsimbjectives. Recent studies in the in the
area of ‘IT failure’ have shown that 75% of IT istments did not meet their performance
objectives (Alshawi, 2007). Such projects were aoaed, significantly redirected, or even
worse, they were ‘kept alive’ in spite of theirléae. The cost of funding such projects and
the missed opportunities of not benefiting fromithatended capabilities constituted a
tremendous loss for organisations. This dissolutionthe strategic benefits of ICT is
currently forcing many construction organisationst rio invest in IT for competitive
advantage, but for the reasons of bringing efficyeand effectiveness to business processes.

Technical problems were almost never the reasoh niea IT systems failed. Human
problems were often to blame. People typicallystesi adopting new systems, often because
the cost (the effort) outweighed the benefits. Ohihe primary explanations for the extent of
project failures and the size of ultimate writesofvas the presence of agency problems
(Mahaney and Lederer, 2003), and especially thal&sen of commitment on the part of the
managers (Keil, 1995). Escalation is generallyrdsfias continued commitment of resources
after receiving negative feedback about a project.

The notion that business strategy and IT stratdgyulsl be aligned and, therefore, that
business users should be involved in the desigendérprise systems has been widely
accepted. However, doing this has proven veryaiiffj for several reasons (Mahaney and
Lederer, 2003; Kaplan and Norton, 2004). For oniegthIT leaders struggle to truly
understand the business context. What's more, éssileaders do not invest without tangible
justification. Managers sacrifice individualism, uth ignoring competitively powerful
capabilities that a system could make possibléeasloping them would add to the time and
cost of carrying out an already expensive, timensive project. Therefore, many
organisations across the world are increasinglyptug various ICTs to identify, acquire,
organise, disseminate and apply information foorimfed decision making — e-readiness is
one of them.

E-readiness is also fast becoming an importantlenédr today’s organisational goals and
also national competitiveness — its effective impdatation is even more challenging. E-
readiness strategies have become an importanbfsirtategic planning at the level of states,
regions and individual organisations. Practically developed countries have elaborated
programmes and action plans related to ICT prodo@nd use in most important areas.
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5. Conclusion

In the past, ICT was prompted as being vital fgamisations to gain competitive advantage;
this was a misnoma. The next paradigm looked asdifieissues of people and process in the
organisation; yet still, ICT still failed. Todayye focus is on the e-readiness of organisations.
The ability for the organisation to accept and iempént ICT is now essential for
organisation. In short, how ready are we?

Understanding e-readiness can enable organisatcrgter new markets — aware of both the
revenue potential and the possible bottlenecksroavitp. Similarly, governments are also

realised the usefulness of assessments as a tobefchmarking and prioritising action.

Detailed national level analysis and organisatiopeér reviews creates an opening for
business, government and private organisationsrtedogether to improve national overall
ability to participate in the digital economy. Thiberefore demonstrates the critical
importance for national e-readiness to be integradad linked with organisational e-

readiness strategies.

From this mantra, it is cleared that change is eddd create an environment that fosters
innovation, clarifies communication and truly intetges design, manufacturing and
construction processes. ICT technologies and kraydeich environments offer real
opportunities, and the potential to realise thtegnation and offer and arrangement in which
there is a single contracting entity from which tg#pants provide their expertise. It is
imperative to implement the right ICT solutions tbe right processes, to the right degree
with the right timing. Striking the right balancea goal which all organisations and countries
are striving to achieve. To strike this balancejomal leaders and industry chiefs need to
continuously assess the position of their orgammeat Every country is different; every
organisation is different; and every country thgamisation operates in is also different.

Now, there are various reports looking into natldcauntry) e-readiness, and ranking them.
Future research will look into the adoption of oatl e-readiness for organisational e-
readiness, with focus on construction organisatidnsthis context, the organisational e-
readiness measurements could be linked to coredssuch as, people and culture, business
processes, existing technology, ICT strategy, perémce measurements, and others.
Measurement metrics, such as, maturity models,imgakor quantifiable indices will be
essential to provide benchmarks for organisatititsmately, this could help determine how
“e-ready” are construction organisations.
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Abstract:

Construction’s Small and Medium-sized Enterpris&MIEs) are not known for their
innovation, particularly where Information and Coomrcations Technology (ICT) is
concerned. Indeed, any records of such activitateeto large organisations, with the
implication that SMEsould take a scaled-down approach, but genemddiynot We report
one phase of aaction researchproject to develop a document control and managéeme
information system for a construction SME. Our ogarly observations are compared with
the existing literature on SMEs and ICT adoptiorhed3e include the conclusion that
appropriate systems cannot be just ‘scaled-dowrsioles of those in larger organisations
with the predictable cost, time and people issbes,past experience, formal and informal
relationships are all the more important for theESMhe study forms part of an EPSRC
CASE studentship with the wider aim of developiregvnmodels for ICT adoption within
Construction SMEs.

Keywords:
Action Research, Construction SMEs, ICT Implemeatat Management Information

Systems

1. Introduction

The work reported in this paper is part of a redeg@roject that is monitoring the attempts of
a construction SME to adopt an ICT-based Managemémmation System. In keeping with
anaction-researchapproach the researchers are confronted with achydproject-within-a-
project First there is the desire of the SME to adoptribes system. Within this lies the
academic project that is involved with monitoringterpreting, analysing, discussing and
generalising from the experience. The thrust ofab@demic part of the project is to exploit
the rich and plentiful evidence that will come frahe immersion of the researcher and to
explore ICT adoption by Construction SMEs in gehéeFae remit of this paper however, is
more narrow, as the work is in its early stagesalin is to review previous studies of ICT-
uptake in SMEs and compare their findings with isstinat are emerging from the present
project.

1.1.I1CT, SMEs and the Construction Industry

In terms of their proliferation at least, SMEs ditage the most important section of the
national economy with over 90% of companies inlthi€. employing less than 250 people.
Whilst the adoption of Information and Communicatibechnology (ICT) is seen as a key to
the modern corporate goals iminovation agility, knowledge managemerd-businessand
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organisational learning managing its adoption can be problematic in snalrganisations
(SMEs) who do not have large budgets or the timeest in appropriate resources. In the
Construction Industry, in particular, where thegodion of SMEs is, if anything, above that
of the UK economy in general, there are problentsted to adopting ICT innovations. Most
companies simplgo not do it

Brock (2000) in a review of ICT within small firnfeund that comparatively little research
exists in the area of ICT within small business ¢aposed to large organisations). In the
SME context, he cites major concerns including; itm@ortance of the unavailability of
internal IT skills, that top management supportm®derated by the owner-manager
relationship and centralised decision making, laickser participation and, in many cases, a
total reliance on the external support of IT vesdand consultants. Most small firms restrict
IT usage to administrative tasks; mainly their asds. Brock (2000) concludes by stating
that there is a crucial need to develop interndl KBowledge, skills and consequences (both
owners’ and employees’) and not to have total mekaon external vendors. This must be
combined with better user-training and greater igipdtion in the adoption and
implementation process.

Research into the strategic and operational manageraf ICT within SMEs is also
surprisingly under-developed (Cragg, 2002). Intiovaand agility within organisations are
increasingly cited as desired core competenceshwdfien depend on effective and creative
use of ICT (Fraser et al., 2003). This is an arkdewveloping research which focuses on
people, organisation and culture as the importanafles that enable or inhibit effective ICT
adoption, implementation and use. More rigorousaesh studies such as that undertaken by
Caldeira and Ward (2003) utilise in-depth case ystwdearch methods. Caldeira and Ward
studied twelve Portuguese manufacturing SMEs taiden how resource-based theory could
be used to explain success with the adoption aadUCT. They used the conceptaufre
competencewhich involves viewing the assets and resources fafm from a knowledge-
based perspective. This is combined with a framrmewammprised of four dimensions:
internal context, external context, process anderdn These key determinant factors are
linked to 3 sets of associated skills and competgniechnical IS/IT skills, managerial IS/IT
skills and business and general management skills.

This links more generally with research into thetstgic management practices of small
firms. Stonehouse and Pemberton (2002) in theiresuof over one-hundred and fifty SMEs
found that the main business planning method inniden small firms was internal financial
analysis. There was little evidence of any othethwoas, techniques or practices associated
with strategic planning (including ICT). This isqete a lot of research evidence suggesting
a strong positive relationship between overall ganiance of SMEs and the degree of long
term planning undertaken. Southern and Tilley (3@0€o comment on the dearth of research
on small firm adoption of ICT, despite its fundart@mmportance to the global economy and
major government policy initiatives. They statatth common cause of problems is the lack
of understanding of small firm context and culturenany approaches attempt to apply
standard IT management methods, systems analydisierelopment techniques within a
context for which they were not originally designe®uch technologically deterministic
approaches may be inapplicable to loose and unstattorganisations where there are low
levels of IT skills and experience and which arghly centralised in terms of decision
making — usually with power vested in the owner agger of the small company.

With the introduction of personal computers, filggers and networks, small firms have the
potential to take advantage of the same technadlbgtylarge business has access to, i.e. e-
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mail and the development of company web pagesdohréarger markets; integrated ERP
systems, and electronic data interchange (EDI) toald allow small firms to link with
customers and suppliers (Pollard and Hayne, 19BI8)wever, the question still remains as to
whether SMEs can utilise IT strategically; thatilsyays which give competitive advantage.
There is evidence that the managers of smallessfaine understandably more concerned with
operational issues than the managers of largem@ai#ons (see, for example, Rivard, et
al.1988).

The issues and problems highlighted in this genaedearch on ICT adoption,
implementation and use in SMEs are further amplifiley studies carried-out in a
construction-specific context. Aranda-Mena and &t&w2004) in their review of the
Australian Construction industry found that adoptad e-business technologies significantly
lagged behind other service and product industiiess was due to impediments that were
emphasised by the particular nature of construcflaventy-three such ‘impediments’ were
identified and these related to specific organwseti types and cultures associated with
construction SMEs. They included: privacy, trustcertainty of financial returns, lack of
reliable measurement, fraud, and lack of suppadt ®ystems maintenance. Lofgren (2007)
also investigated e-business technology adoptiausiog on mobile computing in the
Construction Industry. His findings also supportiee case that in the Construction Industry,
despite massive efforts to improve processes With firms have not increased productivity
to the same extent as other business fields. Th®UKCT by contractors and site workers is
seen as surprisingly low.

To summarise: the literature on SMEs generally &whstruction SMEs specifically,
indicates that there are significant problems dasedt with the management, adoption,
implementation and use of ICT. These are associatgd the culture, context and
operational practices of small businesses — edpetimse with a strong owner-manager
structure. New levels of ICT user knowledge, skit®mpetencies and technical support
linked to the introduction of new production praes are essential for successful business
transformation.

1.2. The ‘WestFocus’ research project

A particularly interesting piece of research intdEs and ICT was conducted in 2006 by the
WestFocus consortium, comprising researchers fravers West London Universities
including Brunel, Kingston and Royal Holloway (Westus, 2006). Around four-hundred
SMEs in the Food, Logistics, Media and Internetviéess (industries that are particularly
important to the economy of the area) were conthbie phone. Over fifty of these also
provided follow up, face-to-face, in-depth intewwse The research aim was to identify
SMESs’ good practice but also identify areas fora@n. Unlike the earlier literature, some of
which is cited above, the report is quite completagnabout the SMEs it featured, and
commented on their “enormous creativity and selfance’. Its main criticisms were
reserved, not for the SMEs themselves, but forl@ie ‘supply-side’, and for government
policy. The ‘provision of effective ICT support 8MEs’ was viewed as ‘area of market
failure’; and although the support for SMEs hasrb&ekey policy aim of successive UK
governments’, there is implicit criticism of thefexdtiveness of this support, which has been
‘subject to many changes over the years with a ession of different initiatives in
evidence’. Whilst it is unlikely that the reportf;ndings would be representative of the
situation of a construction SME, there may be Maleiaconclusions to be drawn from a
comparison of the WestFocus results, with the figdiof the present study.
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2. Methodological approach

The present study forms part of an EPSRC CASE stallg whose aim is explore models
for ICT adoption within Construction SMEs. The wvdhi for the study is a construction
company with thirty employees based in the Northe&&ngland. The researcher has been
partly based in the company for the duration of ghgect to-date, and is involved with the
company’s attempts to adopt an electronic docurnentrol and management information
system. An ‘action research’ approach was considésebe the most appropriate for the
situation within an overall qualitative and intezpvist research-based inquiry.

2.1. Action Research method

Action Research (AR) as an approach, attemptstbviiays of eliminating the gap between
theory and practice (see, for example, NcNiff, 1988ix). Coghlan (2003: p. 452) states that
AR is a method based upon ‘a collaborative probsaining relationship between researcher
and client, which aims at both solving a problend aenerating new knowledge.’” This
emphasises the strong relationship between theandss and the practitioner. It is
fundamentally different from, as an extreme, labmma research, where the interaction
between researcher and researched is rigorouslynmad by careful design. AR involves
the community throughout the project and is ofteiwesh by an issue from the community
itself. It is a method that can be driven by a grofi people requiring change whilst working
with a researcher to focus on a solution to thebler. Indeed, it actually ‘favours
consensual and participatory procedures that enazdaele (a) to investigate systematically
their problems and issues, (b) to formulate poweafud sophisticated accounts of their
situations, and (c) to devise plans to deal wite fnoblems at hand’(Curry, 2005: p.2).
Somewhat confusingly, practitioners may use differeerms to describe it: AR is also
referred to as Participatory Action Research, Bipdiory Research, Participatory
Evaluation, Emancipatory Action Research, ActionieBce, Action Learning, Action
Inquiry, Mutual Inquiry and Empowerment EvaluatioVhitehead et al., 2003: p.7).
However, within these definitions, there are foasib themes: empowerment of participants;
collaboration through participation; acquisition khowledge; and social/ organisational
change.

2.2.The Case Study Background

The construction company SMEcon (The name SMEca been adopted to retain the
anonymity of the real company. Extracts from thenpany’s former and current websites
remain unreferenced for the same reason) has tlentyloyees (this varies slightly,
depending upon current projects) with its headcefin an industrial estate in the Northeast
of England. The company providggofessional services to the construction and by
industries ...[and works] ....with individuals, companies and organisations, \jiding a
complete serviceforiginal website]. They have split the ‘Prope@ycle’ into five sections;
Develop, Design, Build, Maintain and Manage, ancheaf these ‘divisions’ can stand alone
as a service or be combined in a manner thatfseiiclient. The three owner-directors of the
company each has around 20 years’ experience imdustry and they formerly operated as
the regional management team of a major nationastcaction and property company. They
describe themselves as havirgWealth of experience in managing a successfubned)
business for a major multi-national organisatioHowever,‘the team decided to rid itself of
the shackles of the plc to concentrate on usingkiés and experience for the direct benefit
for the people who really matter — employees anstaruers! [original website]. Their
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feeling was that large companies can’'t change tyiekough to suit client demands and
other industry developments due to bureaucracy ptenreporting mechanisms and a ‘lack
of direct contact’ with the clients, suppliers amither stakeholders [Interview with SMEcon
Commercial Director, 19/03/07].

The company’s structure is based upon a framewwkwas introduced to the team in the
late 1990s. This framework, along with their indiwal and group experiences, gave them a
clear goal as to the direction the company would ajong with a clear method of
accomplishing this. They are committed to the ‘gje@agendas’ of Latham (1994) and Egan
(1998), as well as other more recent developmémtsdopt a new way of working within the
construction industry. They feel that this shoulkghem a real competitive advantage in the
industry. [Interview with SMEcon Commercial Directd9/03/07]. These changes include
the implementation of a co-ordinated project infatimn system, quality-based tendering,
committed leadership, a focus on the customergrated processes / teams, a quality driven
agenda and commitment to people.

The company policy is described as providingaximum value for money to customers by
combining a relaxed, friendly and flexible approaetth a wealth of experience, expertise
and professionalism. Our approach is to work clgseith our customers to fully understand

their requirements, aspirations and priorities. fdrmation is openly shared and we

encourage customers to pass responsibility to undoage their property and construction

projects, using our in-house experience and exgef{original website].

2.3.The research ‘problem’

As noted above, Action Research (AR) is about mwbsolving through a collaborative
relationship between the researcher and client. ‘prablem’ here is two-fold. First is the
academic goal of the CASE PhD; to contribute tamtagcal understanding of ICT adoption
and implementation issues in Construction SMEs. Sde®nd, more pragmatic goal, involves
the desire by the client, SMEcon, to support itiaal business aims with the development of
a modern Management Information System. The compaeygls information to be: readily
available; in a useful format; to all that are itweal; and, in a timely manner. The main
purpose of the Action Research study is to beginckeating a robust new paper-based
system with a view to developing it into an ICT-bdssystem. Fundamental to this is the
company’s adoption, implementation and use of ICT.

2.4. An opportunity for comparison

The systematic recording of the ICT adoption precesthin SMEcon has permitted the
opportunity for comparison with both the findingé the WestFocus project (albeit that
project included no construction industry SMESs) anth the extant literature on ICT uptake
by SMEs in and out of Construction. The literatdiredings (predominantly led by the
findings of the WestFocus Report) are first preséna point at a time, followed by
comparative findings from the SMEcon case studyiciviare indented in the text to facilitate
comparison.
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3. Early evidence

According to the WestFocus Project Team (2006) Skiesstarting to feel more confident in
adopting more extensive ICT systems. This, accgrtbrthe report, is because of: the advent
of cheaper hardware and of cheaper ICT infragirecincreasingly obviously-useful office
automation suites — particularly spreadsheets; geeceived need for even very small
companies to offer a web presence; supply chaiespres on small companies to support
some form of eCommerce; increasingly mature paakag®plications to support standard
business processes such as accounting, custonagiomship management (CRM), basic
business intelligence, etc.; and the availabilitioat of the box’ outsourced business process
automation from application service providers (ASPs

At the start of this study (September, 2007) SMEatready used laptops with
Microsoft Office suite products generally availgkdéong with a few more specialised
software systems. These included Sage AccountidgAata PowerProject. Both of
these systems incur an annual support and lica®ce f

More adventurous ICT implementation was driventmy needs of SMEcon’s finance
function. Through purchasing the Sage package, amsms for data capture and
reporting were required and the creationpafchase requisitiondusiness mileage
forms and similar reports were expedited. These dgttscag forms (MS Word and
Excel-based) were initially based upon previouslyognised layouts and enhanced to
match the data necessary to drive the Sage software

These forms created the basis for operational tatdtery data recording; fromew
starter forms to customer questionnairesThere is little or no automation in the
company apart from one or two MS Excel spreadshedtsch only work
independently. They do not provide separate reportéeed information to other
documents. Indeed, the majority of software usedtess forms to be manually filled-
in (hand-written) or emails to geographically separstakeholders. The purchase of
the Asta PowerProject software was based uponitbetors’ previous exposure to it.

The company also has a web presence which hadesot bpdated since the site’s
initial launch in 2006. It acts as a brochure, rhaigiving snippets of information
about the origins and ethos of the company as agetlontact details. It is undergoing
a major redesign at the time of writing.

The WestFocus Project Team (2006) makes some @is®ry on specific matters relating to

ICT expertise. They state that many SMEs find thedwes in a difficult situation as they may

not be large enough to afford to employ a dedic#@ddexpert, or may lack the money even

to buy advice. This, allied to their lack of exmerce, which in turn leads to a lack of

confidence in the reliability of the advice givesxacerbates the situation that arises from
their limited experience in selecting, implementargl evaluating suggested ICT solutions.

SMEcon has relied upon the research project, anghiticular the researcher, as a
resource for meeting some of its ICT aspirationsuctally, the researcher has
working experience in ICT, and the firm have dralweavily upon this expertise in
updating their systems and automating some of thesting management processes.

Immediately prior to this research project, the pames ICT-based systems were
‘being looked after’ by a small ICT consultancy. wtver, this ICT consultant had
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become dilatory, and appeared to have reachedntiteof support that it could offer
SMEcon. Not long after the start of the researamptlzer ICT consultant was
appointed. The choice was based upon personal reeaduation, ironically from the
former ICT support company.

This type of recommendation, although highly likébyoccur in large organisations,
would almost certainly not have been taken up a&skbyy or without other ‘sign-offs’
from senior management and budget holders. Théiesra major perceived benefit
of SMEs; the people doing the work, pay for the kvdBureaucracy, tendering,
procurement ‘rules’ etc, are not the blocks to siecis often found in large companies
or public organisations. However, the procuremesues in particular, may allow
large organisation to truly receive the best previdf service if they use a measured
competitive tendering process, whereas an SME’soagh may be more ‘ad-hoc’
and personal, increasing the risk of sub-optimahtelogy choice and lock-in.

It is noted that larger firms have dedicated IC3orgces, internal or external, and existing
procurement processes. This is not the case in SMEs'the deployment of ICT typically
depends on a single individual with vision who kel responsibility for ICT initiatives, as
well as continuing with their regular activitiesh@y often have to rely on their own self-
taught expertise and feel ill-equipped to carry thiet implementation tasks required of them.
They make little use of the formal methods of I@Fpject management, or evaluation.”
(WestFocus Project Team 2006, p2)

SMEcon certainly fits some of this observation. Quexson is the driving force
behind the overall project and the idea of bringimg researcher to aid the project
and take an academic view of actual processesadtaiso been observed that this
person does not have a deep IT understanding aesl mt have the knowledge or
experience to deal with some of the more techmssales that arise in such a project.

However, this project is not meeting all the deaei set due to some unusual
problems. The three main occurrences involved ongl@yee leaving, taking all the
electronic information without any record of it tre central files, the incumbent ICT
support company ‘disappearing’ for some time witha@ny direct contact or
information and the need to bring in two other camips, SMEsup for ICT support
and SMEint to provide the new document managemgsies.. Although the dates
have slipped, some project management and evatuettas are being utilised. This
is mainly through the AR study.

The WestFocus Project Team (2006) reported a ‘latkformality’ in security issues
surrounding their ICT. ‘Most did not seem overigncerned about security issues either.
About 15% of the companies surveyed had systemsthahed frequently, while about 4%
reported that they were concerned with poor segunihile 6% reported security failures of
one sort or another. Although there seems to bertain awareness of security issues, there
does not seem to be much overall concern. Wheliieis due to a lack of awareness of the
consequences of data loss is not clear.” (WestFBoject Team, 2006, p22)

Two different security issues have hit SMEcon. Thet is the aforementioned
employee leaving the company. He managed to workof@r two years without
saving any work onto the central filing system be server. This meant that when the
information was required after his leaving datethimg could be recovered. This
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looks to have been pre-meditated on the part ofeiénéer as there is no other obvious
reason for the work not to be stored centrally.

The second security issue involved back-ups. The matigator of the whole project
lost over three years of information when his |lgpieas replaced and upgraded. The
cause of the physical loss is uncertain but doghlight the need for a robust policy
on document storage. The full effect of this datslhas not been realised at the time
of writing.

4. Discussion and Conclusion

The literature shows a common consensus, that S8Spite accounting for over half of UK
employment and company turnover (and well over graportion in terms of population)
nevertheless command very little research attentiderms of their ICT uptake. In fact, the
WestFocus Report found the same to be true of ttenteon given to SMEs by ICT
providers. The report identifies the reason fos @ being down to money and volume; and
that hitherto SMEs simply lacked access to the mareeessary for complex, dedicated ICT
systems as well as to the information requiringpiarcessing (WestFocus, 2006).

The importance is noted in the literature of adividual that drives innovation in ICT take-
up. This has been clearly borne-out by the casystudate. However, that individual is not
necessarily sufficienthau faitwith the technology to ensure the right decisidtea/she relies
heavily on personal recommendations, even (in #se of SMEcon mentioned earlier) where
the recommendation comes from a contact whose osvformance has been less than
satisfactory.

Matters concerning security appear to be treatexddavalier and haphazard way. Accidental
breakdown, and even (apparently) deliberate sabotdghe SMEcon’s ICT system were
both encountered.

In summary, the systemisation of SMEcon’s managén&ormation systems and the
subsequent attempts to automate them, have invalVed)e learning curve and the divisions
and gaps within organisational information flow ar@y now being highlighted. SMEcon’s
directors are now implementing a measurement systefeed into formal reports that are
discussed at monthly management meetings. Thesstithri@ their infancy but the gaps in
their ability to capture useful, timely informati@re becoming obvious. The administrative
burdens of Quality Assurance and other aspectasingss compliance are being recognised
as the process of extending the coverage of maragemformation and ICT adoption
continues.

Future research will be focused on prototyping @imanet system that integrates with a
Management Information System focused upon the eowyip requirements. The academic
part of the CASE PhD will evaluate adoption and lenpentation models in SMEs and
evaluate them within the research filed.
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Abstract:

The measurement of the equivalent sound pressuet lgeq (noise level) from railway
traffic is an expensive and long-term matter. Fagier determination of noise levels special
software (for example CadnaA, LimA, Hluk+, etc.used. The software allows determining
the levels of traffic noise in studied localitielgjectively and reliably. It is important to know
all the parameters which are significant.

The next part of the article describes statistealluation of different software programmes
and methods — CadnaA (Onorm, Shall03) and Hluk+e¢(@Gzmethodology) used for the
prediction of noise impact from railway traffic. @hresults obtained by these methods are
different, provided the same computation charasties are set. The accuracy of results
proportionally depends upon the quality of inputada

Keywords:
Railway traffic, noise control, statistical evalaik
1. Introduction

Due to the necessity of determination of long-teequivalent noise levels such

measurements are time-consuming, and in the casergd#-scale projects, e.g. for noise
maps, practically unfeasible. For this reason, wutlogies for the determination of

equivalent noise levels by computations have bemreldped based on parameters which
may define the current and prospective condition.

Among the basic model programmes for the calcutatib noise levels and elaboration of
noise maps applied worldwide the following may bened:

 CadnaA,
e SoundPLAN,
* LimA,
* Predictor.
These programmes serve for the prediction and atiatuof noise emissions e.g. from road

and air traffic, industry etc. and further for tdesign of anti-noise measures (e.g. noise
barriers). All the above-mentioned programmes waith a2D or a 3D model respectively,
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which is necessary for the determination of aceuradise level values at a certain height.
Each of these programmes incorporates a combinafigalid computational methodologies
used in selected countries. The German programmBNZAA (Computer Aided Noise
Abatement), for example, works under standard ¢amdi with the following methodologies
for the calculation of noise levels from railwagftic:

» Shall 03 — DIN 18005 (Germany),

CRN — Calculation of Railway Traffic Noise (Britgjn

Nordic Prediction Method (Scandinavia),

ONorm S 50011 (Austria),

Semibel (Switzerland).

The recommended methodological instructions for ¢hkulation of traffic noise in the
Czech Republic have presently been implementedinrdysingle programme (CADNA A).

1.1. Objective of Paper

The objective of this paper is a presentation efgbssibilities of a statistical comparison of
different computational methodologies or softwgppleations — Cadna A and Hluk +. These
software applications serve for the prediction aadluation of noise situations due to traffic
in outdoor spaces, in this case particularly dueaitway traffic. The software Cadna A
incorporates several computational methodologiegigver, only two methodologies Onorm
(Austrian methodology) and Shall03 (German methogypl were selected for statistical
evaluation. The software Hluk + incorporates omg @€zech computational methodology.

Due to the fact that on-site measurements of nemsissions tend to be highly complex and
demanding by their nature, statistical evaluaticas wselected in the initial phase. Potential
measurements are considered if suitable condiaomprovided for them.

2. Input Data

An earlier research project - Noise study of theaindings of a railway track of corridor Il
CD, sectionCernosice — Srbsko, i.e. Stulikova, (2004) servedtfe selection of a specimen
of 15 calculation points (situated predominantlyGernoSice municipality), showing the
greatest differences in the distance from the ti@dk and the height above (or below) the
rail surface (Fig. 1). Identical configurationstbk terrain, speeds and traffic volumes were
gradually loaded into the Cadna A software (usbmprm and Shall 03 methodologies) and
Hluk+ (Czech methodology of railway traffic noisalculation).

The calculation of noise levels of railway and rdeehsport was simulated in CADNA/A
(version 3.3.107) and Hluk + (version 6) software.

For an objective and reliable determination of tbeels of traffic noise in the studied

localities, all the parameters which are significarust be known. To these parameters for
railway traffic belong: the number of trains, thenmber of wagons in trains (or the length of
trains), the speed of trains, types of trains (pagsr, freight trains, etc.) and technical
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situation of rails. Then, it is necessary to knbw tharacteristics of urban planning concepts
in the studied regions. It is crucial to know hoar from the noise sources the facing
buildings studied are situated, their dimensiohsirtsurface and their segmentation. This is
connected with the knowledge of morphological agdrblogical conditions. Some of these
parameters are not entirely known. That is why ihécessary to make a reconnaissance of
the studied regions to collect the missing infoiiorat

Fig. 1. Calculation points locations

Urban documents and cadastral maps were renderedURK (Czech Surveying and
Cadastral Institute). The maps were obtained ifgaadl form and had to be adjusted by the
AutoCad software. These digitalized maps are inggbfor both software applications as

initial input data.
The railway traffic volumes were provided by thee€la Railway Track{D) management.
24-hour traffic volumes and speeds of railway tcadire visible in Table 1.

Tablel: 24-hour volumes of railway traffic on liReague — Beroun (2007).

Direction Direction
Prague — Beroun Beroun — Prague
Track | Type of i :
section | trains | Number of traingLength Number of traingLength
of |Speed of |Speed
day night | train [[km/h] | day night | train |[km/h]
(6-22h)| (22-6h)| [m] (6-22h)| (22-6h)| [m]
Prague — Passeng| 34 6 150 22 7 150
Beroun EX, IC 16 7 250 90 14 2 250 90
Freight 13 5 500 11 5 500
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3. Statistical Evaluation

In the first phase, a model situation was seleatduich was the background for the
calculation of noise emissions in all the threefeddnt methodologies or software
applications. In choosing the situation and subsetiy the calculation points a great
emphasis was placed on the diversity of these gdimtations (distance from the track axis,
height above/below the rail surface) (see TableTRge obtained results of the equivalent
noise level (Lheq per day) were statistically investigated both legting the differences
between the two methods and by specifying the taioa coefficients of individual
parameters.

Table 2: Input information for statistical evaluatiof parameters

. Point .
. Altitude [m , Noise level [dB
Calculation [m] distance [aB]
points from the
track axis

Point* | RS** | Difference Onorm | Shallo3| Hluk+

1 204,82 | 205,75 -0,93 30,50 65,6 62,1 64,5
2 207,82| 205,75 2,07 30,50 66,9 65,7 65,6
3 204,83 | 206,02 -1,19 27,88 65,9 62,6 65,8
4 206,83 | 206,02 0,81 27,88 67,5 66,2 66,4
5 209,78 | 206,03 3,75 37,96 65,2 62,3 64,8
6 216,25| 206,03 10,22 95,98 58,3 55,8 57,8
7 205,13 | 206,65 -1,52 47,44 63,3 60,0 62,4
8 206,63 | 206,65 0,02 47,44 63,7 60,1 62,7
9 208,63| 206,65 1,98 47,44 64,3 62,7 63,4

10 211,63| 206,65 4,97 47,44 64,3 63,8 64,3

11 239,72| 206,76 32,96 209,20 53,2 51,6 49,9

12 224,54 | 206,86 17,68 158,45 50,3 49,2 50,0

13 204,70| 207,05 -2,35 86,02 52,5 51,3 53,0
14 211,11| 207,15 3,96 14,80 69,1 66,5 71,8
15 209,93 | 207,22 2,71 7,26 73,3 72,5 74,8

* evaluated point height, ** rail surface height
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3.1. Testing of differences among calculation methods

The testing of differences among computational wdtkogies was performed as follows
(Vorlicek, 1982):

* By means of a pair te for differences heq Of the three above-mentioned calculation
procedures (methodologies) — in all casggnificant differences among the
calculation procedures were discovered, i.e. the determined valtiesonsiderably
exceeded the critical test values,

e The least differences discovered are between HIluknd Onorm; none of the
differences are systematic; the highest noise liswalostly based on Hluk +.

3.2. Testing of correlations among parameters
Correlation coefficients of different parametergevdetermined (Vortiek, 1982):

« correlation coefficients between the distance from the rail axis angl, Imply a high
degree of relationship,

COI’I’e|atIOI‘I COGﬁICIentS are: r (distance, LAeq (’jnomﬁ 0,88
I' (distance, LAeq Shall 03¥ 0,85
I' (distance, LAeq Hiuk+= 0,91

« correlation coefficients between the height above/below the rail surfacg lag
imply a consider able degree of relationship,

Correlation coefficients are: ' (height, LAeq Gnorni 0,66
I' (height, LAeq Shall 03F 0,62
I' (height, LAeq Hiuk+= 0,69

» correlation coefficientsr between the distance from the rail axis (or theglte
above/below the rail surface) and the differendek g, (two methods) are very low,
this correlatioristhereforeinsignificant (Table 3, Fig. 2, Fig. 3),

Correlation coefficients are: I' (distance, LAeq Onorm — LAeq Shalid3) 0,22
I' (distance, LAeq Onorm — HIuk+y 0,25
I' (distance, LAeq Shallo3 — Hiuk+ 0,22
I' (height, LAeq Onorm — LAeq Shall0§)0;25
I' (height, LAeq Onorm — Hiuk+% 0,47

I' (height, LAeq Shallo3 — Hiuk+ 0,12
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Closeness correlation (relationship) among investid values is given by interval
|-1 <r<1|. Correlation coefficients betweemnegk obtained from individual calculation
procedures determined for interest sake nearlyoagpr 1, i.e. they show an extremely

high mutual relation (correlation).

Table 3: Differences in noise levels as modelle®norm, Shall03 and Hluk +

Calculation abglveei?ttglov\ fro?r:iLa:frz ] Noise level difference [dB]

points the rail axis [m] Onorm - Onorm - Shall03 -

surface [m] Shall03 Hluk+ hluk+

1 -0,93 30,50 3,5 1,1 -2,4

2 2,07 30,50 1,2 1,3 0,1

3 -1,19 27,88 3,3 0,1 -3,2

4 0,81 27,88 1,3 11 -0,2

5 3,75 37,96 2,9 0,4 -2,5

6 10,22 95,98 2,5 0,5 -2,0

7 -1,52 47,44 3,3 0,9 -2,4

8 0,02 47,44 3,6 1,0 -2,6

9 1,98 47,44 1,6 0,9 -0,7

10 4,97 47,44 0,5 0,0 -0,5
11 32,96 209,20 1,6 3,3 1,7
12 17,68 158,45 11 0,3 -0,8
13 -2,35 86,02 1,2 -0,5 -1,7
14 3,96 14,80 2,6 -2,7 -5,3
15 2,17 7,26 0,8 -1,5 -2,3
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Dependence of noise level differences on calculation points height
above/below rail surface

5
T .
I . -
§ 2 \ /\\k"‘ ——Onorm - Shallodu
I D T A ———
= 09 /1 —%= Onorm - Hiuk+ L
-
E 5 i Shall03 - Hiuk+ U
g -4

5

6

-5,00 0,00 500 10,00 1500 20,00 25,00 30,00 35,00

Calculation points height above/below rail surface [m]

Fig. 2. Diagram of dependences of noise level diffees (two methods) at different distances of
calculation points from track axis

Dependence of noise level differences at different distance
of calculation point from track axis

( r + // v~ —*— Onorm - Shallo3

/ — —=— Onorm - Hiuk+

Shallo3 - Hiuk+

Noise level differences[dB]

0 50 100 150 200 250

Distances of calculation points from track axis [m]

Fig. 3. Diagram of dependences of noise level diffees (two methods) on calculation point
height above/below rail surface
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4. Conclusion

The statistical analysis failed to prove the hypsth that prominent differences in the values
Laeq Obtained on the basis of various methodologies (@norm — Shall03 etc.) depended on
the distance from the track axis or the heighthaf talculation point above/below the ralil
surface. None of the methodologies, therefore, shavgystematic deviation caused by the
monitored parameters.
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Abstract:

The present paper investigates the innovationeebtiilding industry, especially within the
specific field of tall buildings. Several reasone grovided to awake the researcher’s
attention on this particular building typology. Thaper explains how innovation could be
helped and incremented by a clear understandiitg afechanisms (both hard and soft) and
its promoters (both internal and external to thidding process). Researchers and Academics
are implicitly asked to deepen their attention asmmprehension on tall buildings,
recognizing their ever-growing influence on the aymcs of building innovation.

Keywords:
Building process, Innovation, Research, Tall baddiTransfer

1. Introduction: nowadays idea of innovation.

“Innovation” is the successful output of an ameliore process, meant to improve the
performances of an entire building, a part of fteelits building proces@Nardi 1998). The
whole history of the technological developmentti®rsgly connected with the innovation,
the efforts to reach it, and even the unsuccesdfeinpts. Several kinds of innovation could
be identified in architecture.

The first “family” of innovations is the knowledg# “what to do?” (product innovation or
hard innovation) and it is recognized when a nesdpct is proposed on the market. It is also
possible to recognize such family when the perforcea of an old product are improved or
its cost decreased or when it becomes useful fothan purpose different from the original
one. The second kind of innovation is the knowledfgow to do?” (process innovation or
soft innovation). The knowledge of the process detite organization of the production
thanks to new targets, new roles,unusual methogéatoand control each and every single
task, new means of communication and coordinat®nopoli 2004). A brand new family
that embraces many innovative products answergjtiestion “what does it represent?”
(semantic innovation). This innovation happens wlan existent product meets new
customers’ needs and it is therefore certifiedffec®ve as a product engineered on-purpose.

Strategies to understand innovation are necesdmsgd on the knowledge of the process of
technology innovation itself. Indeed, it is necegsto stress the attention on the great
number of factors that mutate the technology fest@nd that gradually drive the technology
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development. Innovation, in fact, is not just tlm®equence of an invention, because this
may rely only, i.e. on the technical filed, wher@asinnovation cannot be divided from the
economic and social background and from all theerotispects that are factored in. The
amount and the interconnection of knowledge deweltipe technologies, while the
alternative choices obviously influence the futafghe innovation. Each change and detail
may define both the feed-back and the feed-forwéah innovation.

2. Why Tall Buildings? A key-role in the building industry

The choice of this paper in focussing the analgeishe market of tall office buildings comes
from the acknowledgement of their ever growing @coit and political importance.

2.1. A matter of... numbers

“There can be no denying that we are currently ggpeing a boom in tall building
construction like never before. Even considering ¢folden age of the skyscraper in New
York in the 1920s and 30s, we are most likely ugderg the greatest development of high-
rise buildings ever, certainly from a global pexdpe (...) As of October 2007, there are 35
completed tall buildings in the world that are 3@6ters or above in height. At the same time
there are over 55 such buildings currently understroction” (Oldfield 2007). Since a few
decades tall buildings are being constructed irthedl major cities of the world, including
many historical cities once considered off-limits.

2.2. A matter of... marketing

Many tall building projects of rely on massive romical investments and the building
becomes a manifesto itself: it plays a key rolsupporting the image of a city or an entire
country even. Buildings are now named “Taipei 10Burj Dubai”, “Chicago Spire”
whereas in the past they were more likely nameer dffteir main tenant's name as in the
cases of “Sears Tower”, “Pirelli” or “Equitable Bding”. This means that their potential
target of customers is spread to attire users fitmementire world, attracted by the positive
economical or living aspects of the city or countiqey are built in. Despite a growing
number of super-tall buildings are inspired by altrpurpose construction (both for
economical and technical reasons), offices stifesent the largest part of the market.

2.3. A matter of... money

Tall buildings represent great opportunities foe tonstruction industry. Engineering and
building a super-tall skyscraper requires an inmesit of hundreds of millions of US
Dollars, ranging on an average of 750 million of D8llars for major ones. In the last
decade, the cost of construction of the ten tatdfste building in the world , summed up
more than the entire value of the construction stiguin the Czech Republic in 2005 (source
of data:www.mpo.cz- Ministry of Industry and Trade of the Czech Rlelm) . The cash
flow generated by the raw construction of a tallidnog is mainly divided among site
preparation, structures and cladding (Kalita e28D7). If one considers these values, it is
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easy to agree with the fact that the constructibra @all building generates the critical
economical mass for promoting an innovation andaesh process by its own.

2.4. A matter of... people

The innovation process happening in the tall oficéding industry is strengthened by the
wideness and multi-cultural melting-pot of expessisnvolved in the design process. The
complexity of this typology and the economical dbasks of eventual mistakes create a
wider and wider board of experts required to tdke esponsibility of every aspect of the
design and construction. By an analysis of thegasibnals and enterprises involved in the
tallest ten office buildings of the last ten yedtse number of consultants ranges from a
minimum of 5 up to as many as 40 actors involvethexNew York Times Building, with an
average of 25 and the lower figures more likelyb® found in Chingsource of data:
www.emporis.com). The interaction among such atgneaber of professional skills and
technical competences can be a profitable circumstdor creating new thoughts and
learning from other’s experience. The consequemdki® brainstorming opportunity fed up
by millions of dollars is a strong and fast innewatprocess for the building typology, its
building techniques and materials.

2.5. A matter of... needs

The changing of the user’s needs in the office ltygyp drove so many influences that tall
office buildings can be taken as example for theles/tall building typology. In fact, while
the office suites of the ancient tall buildingsGhicago and Manhattan were influenced by
the natural lighting requirements and thereforatéthto a depth of 8 to 9 meters (Gompert
1930), the invention of air conditioning and fluscent lighting changed the shape of the
buildings from the '50 onwards (Willis 1995). Noweg@ we can state that the shape of many
tall buildings is returning to be influenced by theatural lighting and ventilation
requirements, not to compensate technological Jduksbecause of the need of lowering the
energy demand of the buildings (Oldfield et al. 00According with this subdivision in
subsequent “generations” of office plan configuas, it is clear that the office-tower
typology has been always striving for an image oflernity, keeping itself up-to-date with
the user’s need, so to cope with aggressive markstrategies of eventual competitors. Its
layout and technological features have been styoimffluenced by both the ever-changing
user’'s requirements and the technical and normatorestraints imposed on the working
environment.

3. Innovators = Actors of the (tall) building process.

In constructions as complex as a tall building,reissnd actors of the process differ from
those of other building typologies: there are saivkind of both categories (Manfron 1995).
Furthermore, a third category of promoters coulddeatified: it is constituted by the public
opinion that always takes a role in the approval @ven design choices of big projects. The
public opinion often dialogues with the actors loé fprocess thanks to the Authorities that
define forums or other form of inquiry with the pessional figures of the building process.
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Designers

Contractors
Owners and Developers

Actors of the (tall)building process Industry

Authorities

Users Maintenance Organisations

Fig.1. Owners and Developers, Designers, Contrschodustry, and Maintenance
Organizations are the Professional Figures of tnédBig Process. Authorities indoor needs
of Public Opinion, while the Users represent bb#hdccasional and the permanent people
that use the building. (scheme reworked by theastiiom CIB Report Publication 237)

3.1. Users of the building

Three categories of people are the users of acedfdill building: the occasional customer of
a company located in the building, the employeethefcompany, and the company itself,
which finally pays the rental.

Innovations promoted by those categories are ni@ahbost of the economic value of the
building rented or owned. This is possible throaghenhancement of the living amenities,
security (active and passive), typological updatargl better internal environmental quality.

i.e. The sensible reduction in the total weightbafldings caused by the extensive use of
glazed curtain walls from the fifties onward, desed the stiffness of the structure and tall
buildings therefore became more sensible to windef® The comfort on the upper floors
decreased and users got affected by motion-retat&dess when strong winds blew. In this
case the stability of the building wasn’t threatkbat the working condition were so poor to
lower the overall comfort behavior of the buildinghe user's need for a more “still”
building generated a process that brought to thention and development in the late Sixties
of mass-damper systems created to reduce the deay ef the wind. This is an example
where users promoted an innovation process meantrease the value of the property.

3.2. Professional figures of the building process

The professional figures involved in the constructiof a tall building can be many.
Generally we can identify some actors that commapegrate at various degrees in the
building process: the developer, the constructmmmany and the subcontractors, the design
team and the consultants, the funding providere@thould take a role in specific cases.

Innovations proposed by the professional figuresthaf building process are meant to
increase the revenue of the money invested. Giviered value for the rental or the sell price
of the building they strive for reducing the ovéraliilding cost. Individually, they try to
increase their own revenue, simplifying their opigeacost, the time of construction, the use
of materials, the financing procedure and so on.
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i.e. The ever growing prices of the land in Mandmattreated the basis for the growth of tall
buildings. In fact, developers who owned a plot lahd strove for building taller,
consequently dividing the value of the land forraager rentable surface, diminishing the
impact of the most expansive economic factor of@htre process. In order to build taller
and taller the elevator industry was forced to teresafer and faster lifts improving the
systems once adopted for the vertical movement cufdg The developer's strive for
increasing revenues promoted an incessant restaatls still going on with the creation of
safer, faster and more comfortable lifts. Thisriseaample where a professional figure of the
building process promoted an innovation processtraincrease the revenue of the money
paid to buy the urban plot.

3.3. The public opinion

The public opinion is a “virtual” figure acting as external force that drives some choices of
the building process. In fact, it doesn’t hold arffrcial role in the decision-making process
but it can strongly influence some choices of tlagious actors directly involved in the
building process. The public opinion acts dire@bainst one of the actors of the process
(protesting on-site or even subverting the buildgig) or through the political pressing.
Often the action of the public opinion is even Emeted by the choice to feature the building
with some “external apparatus” that tend to miggaty eventual opposition to the project.

Innovations requested by the public opinion are nhéa improve the social value of the

proposed project. Because they often act as “namnynbackyard” movement, they are

generally tended to mitigate the presence of thebtélding in a given area, and therefore

preserving the social value of the area interestgedthe project. Because of the non-
professional origin of the input received, the agmisveé sometimes limited to mitigate the

external appearance of the building. The recenatgebn the sustainability promoted a new
trend of innovation, enrolled by all the actorstlod building process first, and subsequently
became a mandatory requirement by building reguriati

i.e. When the developer of the John Hancock Cemitd8oston proposed the project, the
massive silhouette of the building encounteredotiy@osition of the population because of its
visible presence in the skyline of the city. A némd of ultra-reflective glazing was
therefore developed to make the building to “digsgppin the sky. This is an example where
the public opinion’s influence forces the desigt@rpromote an innovation process that
mitigates the visual impact of the tall buildingoposed.
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Fig. 2. The John Hancock Center of Boston seerfdigappear” in a bright sunny day.
(source: www.wikipedia.com)

4. Dynamics of Innovation.

The diffusion of an innovation is strongly connetcteith the planning capability of the
innovators and with the creation of reliable pravigl models for the designing outputs.
Nowadays this condition describes the real probleansed by the complexity of the
productive system, and by the increased knowledgenamber of information concerning
the vast sort of construction solution, techniqaesl styles (Del Nord 2004).

It is important to analyze the relationship betwélea experimental technologies and the
factors that hold a key role in the success ouffaibf a project. Therefore, the innovation is
plan-able and design-able. It is not a consequehaaforeseen events; on the contrary, it is
of capital importance to understand why and howngantion may become an innovation.

The analysis is based on the interpretation ofrivain variables that show the complexity of
the process of technological innovation thanki&rtcontradictions and their variance.

“Demand pull” is defined as an innovation whoseaide generated by the necessity to meet
one’s need. Unlike, the “technology pushed” innmmatccurs when a new idea anticipate
any possible use of itself. It can take a long tibefore a technology evolves from the
invention to the innovation stage and ultimatelgdiaes fully commercialized. Therefore, it
is important to study the relative importance eht@logy push and demand pull factors and,
in particular, their role in the different stagdstechnological development. It could help to
formulate better informed and targeted technologicies.
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5. Learning by...

An innovation enters in the building industry fallmg three different paths that stress the
importance on the most relevant skill of the maitoaof the innovation process:

@nual improvement of the quality management sy@

management
responsability

measurement,
analysis and
improvement

users

satisfaction

G —d——— >

in'put

Fig. 3. The scheme shows how the different “leagiip” processes may be mixed to
improve the quality of both product and managemsgatem. Long dash lines represent the
“learning-by research” process. Dot dot dash legesents the “learning by transfer”. Dot

line represents the “learning by doing”. (PDCA sueeaeworked by the authors and sourced
from UNI EN ISO 9001:2000)

5.1. Learning-by... research

The first case, which could be defined “Learningfegearch” is given by the innovation
generated within the industry itself that sometinpesduces brand new technologies or
products that substitutes pre-existing methods oowkedge. An innovative process
occurring within the construction industry genesate brand new product that meets the
unanswered needs of some users. While market side canditions are constrained,
“learning-by research” will play the leading rola achieving technical progress. As a
technology develops and gradually reaches matutitg, gap between the “learning-by
research” innovation and the other products omihaeket tends to diminish (Jamash 2006).
This happens because "learning-by research” itheainly source of technical changes.

5.2. Learning-by... doing

Therefore, “Learning-by doing” is called the inntiea of a technology that produces an
improvement of existent products. This kind of imaton generally comes from the
technical changes measured in terms of the reduofithe unit cost of a product as function
of the experience gained from an increase in itsawuative capacity or output. The
continuous improvement of an existent technologgasier to be accepted by the market of
building components and materials because the gsocelies on a non-stop feedback
received from users by the actor of the evolutddarganti et al 2004). Consequently, it will
hardly create a shock in the market and will beemeasily accepted by the general public;
furthermore, due to the slow process of innovatiowjll be probably comparable with other
similar products of other brands.
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5.3. Learning-by... transfer

The third case, that of the “Learning-by transfé&dppens when an idea or a product already
existent in other disciplines is adopted within thelding industry. The technology transfer
is usually the most viable solution for those d$oes (like architecture), which are
supposed to share the same object of analysisamitide range of other sciences, and are
therefore prone to be influenced by more specifigraaches to a given issue. Whenever an
innovation is generated as the consequence offarerf R&D process, it will appear as a
completely new and innovative product. In a madsetonservative as the building industry,
a new project is likely to face great difficulti@s being accepted and adopted, as many
examples in the building industry can demonstrate. the technology used for air
conditioning derived from the cooling methods apglin some industrial processes for ice-
making machines first, and therefore for air-coglithe freshly-printed paper in printing
industries. It took almost fifty years for air cotohing to become fully available for
buildings but from the fifties onward it becameiable enough to be featured as a “normal”
characteristic of the tall office building.

5.4. Learning-by... building tall

As previously stated, the broad range of profesdgoand higly-skilled figures involved in
the design and building process o a tall buildnegresent a great opportunity for innovation
by itself. The client’s visions (shape, height, @a@nce etc.) and the constraints imposed by
the environmental conditions (climate, externalcés, ground resistance etc.) stress the
design team to study and provide new solutionsofze avith known problems (learning by
research). Sometimes, even a highly engineereceqirdpces unexpected and unknown
problems. Often, the solution for these issues cyora a revision of the building practices
and is dealt by developers and contractors comgattieir methodology relies especially on
building practices and know-how, and most of thebfgms are solved on-site through
highly-specialized building techniques, improved modified according to the special
requirements case to case (learning by doing). Mewgroblems are sometimes apparently
unsolvable within the methodology and the knowledf§ehe building industry and their
solution is found in other disciplines (learningtbgnsfer), thus creating a “precedent” within
the architecture-related disciplines that will Indeain the future, to cope with similar issues.

6. Conclusions

The present analysis described the actors, theod®thnd the places where innovation
happens. However, an important aspect has beentiortally omitted: the role of the
Academic Research. Despite sometimes the Univessiti Architecture don’t have a specific
role played in the innovation process, they ae bk external player that influences many of
the aspects previously described. It's lubricane o the mechanism of the technology
transfer is clear if one considers the key role/gdaby the academic world in starting and
alimenting the most powerful engine that promotadovation in the recent years: the
sustainability issue. The innovative and far-seed®n of a small group of scientists, once
denigrated, turned up to be the starting poinhefdgreatest number of innovations presented
nowadays.
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The basic and theoretical research, conferencesattdn papers and an incessant mix of
learning & teaching are the main ingredients ofda#y work of an academic researcher. In
this view we have to strengthen and improve thaticis among researches tended to
develop a clear thought on innovation and the wayuicken and divulge the results

achieved.

This paper underlines the importance of tall badgdi in the innovation of the construction
industry as a consequence of:

- the number of tall buildings or super-tall buiids currently under construction or
planned;

- the marketing role that tall buildings have, bfiththeir tenants and for an entire city
or Country;

- the economic importance due to the high costoostruction and the high revenues
generated;

- the multi-disciplinary team that takes part ieittconstruction;

- the change in the user’s need that keep on progotnovations and changes it the
typology.

In Europe a resistance to the skyscrapers candmeisenany Countries, because they do not
give an image of the city corresponding the Eurapeaditional one. On the other hand,
skyscrapers may represent an optimistic vision ofuare more open minded and
characterized by social and economic developmeme. @ the widest field of research that
can experience further developments may be thaystd more environmental-friendly
design. “Towers structures require less ground tr@a lower buildings of the same volume,
but more energy is consumed in their constructiot @peration. New technologies can at
best ameliorate this by a few percent” (Holensiin In such a way, responding to the new
sustainability need, the design of tall buildingaynimprove the social development and the
urban planing, also in Europe that is more cautahamut changes or innovations.

References:

Dal Nord R. (2004), in Torricelli M. C., Laurea Alnnovazione tecnologica per
l'architettura: un diario a piu voci, Universitakirenze, Pisa.

Davidson C. (2002)Tra ricerca e pratica, il trasferimento tecnologieol’innovazionein
Sinopoli, N., Tatano, V., Sulle tracce dell'innow@ze, Francoangeli, Milano

Gompert, W. (1930)lanning office buildings for maximum returns Record and guide n°
126, 27 December

Jamasb T. (2006)echnical Change Theory and Learning Curves: Patiesf Progress in
Energy Technologiesn CWPE 0625 and EPRG 0608, March

Holenstein R. (2003)Trends in High Rise Architecturén Detail n° 1/2, january/february

2003

Kalita, N., Maclean, M., Watts, S. (2007he economics of super-tall towgelihe structural
design of tall and special buildings, Wiley, Decemb

171



Oldfield, P. (2007),The Tallest 20 in 202GCTBUH Journal, The Council on Tall Building
and Urban Habitat, Chicago, Fall

Oldfield P., Trabucco D., Wood AFjve Energy Generations of Tall Buildings: A Histad
Analysis of Energy Consumption in High Rise Buddimproceedings of: 8th CTBUH
World conference “Tall & Green” 2008, 3-5 March 80Dubai, UAE

Manfron, V. (1995), Qualita e affidabilita in edila, Franco Angeli, Milano

Nardi G. (1998), innovazione tecnica e culturaptegetto: gli scenari possibili, in Claudi de
Saint Mihiel C., Le forme dell'innovazione, Pinelli

Rostenne, J. (1989), Leansfert de la technogie et des innovations damglustrie
canadienne de la construction residentielldames F.Hickling Consultants en
Management LTD, Ottawa.

Sinopoli N. (2002),L'innovazione tecnologica in edilizia: una premessa Sinopoli, N.,
Tatano, V., Sulle tracce dell’innovazione, Franawgali, Milano

Vergani R., Calderani M., Garrone P., Palmieri Z04), L'impresa dell'innovazione, Il
Sole 24 Ore, Milano

Willis, C. (1995), Form follow finance, Princetorréhitectural Press, Princeton

172



Taking nD modelling to the next level: Methodological issues associated
with the development of a Regeneration Simulator Workbench

Amanda Marshall-Ponting

Research Institute of the Built & Human Environment, University of Salford,
Maxwell Building, Salford, M5 4WT, UK.

Email: a.j.marshall-ponting@salford.ac.uk

Abstract:

The multi-disciplinary SURegen project is aimingdevelop a digital decision support aid
that will capture good practice in sustainable orb@generation (SUR) and support
regeneration training and education for practitisne It will achieve this through the
modelling of the regeneration process, the idemaiion of key decision points and the
simulation of various decision outcomes. This pap#r outline the research methodology
that is planned for the project as a whole anditlier technical development of the digital
support aid, the Regeneration Simulator WorkbencR®W, and provide justification for
these approaches within the context of antecedesgarch projects. Based upon the
experiences of these previous projects, the paplealao present some of the difficulties that
can be anticipated when conducting multi-discipyn@search.

Keywords:
Decision-support tools, nD modelling, regeneratiamsearch methodology, systems
development methodologies

1. Introduction

The SURegen project, funded by the UK’s Engineeramgl Physical Sciences Research
Council's Sustainable Urban Environments 2 progtam total of £2.3 million, is a four year
project that aims to address the regenerationsskjip by developing a regeneration
simulation tool to enable better understanding leé tegeneration process and support
decision making. The project will be informed Inetexperiences of two recent projects in
particular, the EPSRC fundédom 3D to nD Modelling project andntelcities an European
Framework 6 Integrated Project. This paper willlioe the contributions that nD modelling
has made in influencing the conceptual approachitnonplications for SURegen on the
technical development, supported by some of theemaipces of developing integrated
systems for decision making, simulation and infdiora provision and show how the
concept of nD modelling will be developed by thejpct and applied at the neighbourhood
scale.

1.1.Regeneration processes and challenges

The change in policy for urban regeneration inlitkesince the early 1950s (Ball & Maginn,
2005) was driven in part by the realisation thatssnaslum clearance and property
redevelopment failed to eradicate poverty and hadact led to a loss of communities
(Young & Willmott, 1957) and in many instances juosbved the problem elsewhere. By the
late 1970s it had become accepted that social @mbineeded to be tackled in the places
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where they existed and that housing was one issiuesny. This approach is evidenced by
the Government’'s Neighbourhood Renewal Strategychvldims to address deep seated
problems by taking a longer term and more sustéenapproach to quality of life issues by
delivering economic prosperity, better health, safd secure places and high quality schools
(ODPM, 2003). As such, more holistic views aboddam regeneration are now taken, with
Roberts and Sykes (2000) describing it as a “cohgrsive vision and action which leads to
the resolution of urban problems and which seeltsitay about a lasting improvement in the
economic, physical, social and environmental caoowlit of an area that is subject to change”.
However, there is little consensus about how taeaghlasting and sustainable regeneration
or the meaning of sustainable urban developmemin@eaet al, 1997): In fact, there is greater
agreement that urban regions characterised by leigdls of deprivation, crime, derelict
buildings and disorder are clearly unsustainablat@4, 2005; Ekins & Cooper, 1993).

Social &
Cultural

Housing &
the Built Transport &

Connectivity

Environment
SUSTAINABLE
COMMUNITIES

Fig. 1. RENEW NW'’s ‘Egan Wheel for sustainable commities (RENEW NW, 2005)

The complexity, uncertainty and ambiguity about htowvdeliver all these aspects in an
integrated way is a huge challenge, especiallyght lof the skills and understanding gaps
that have been identified but that such a taskireguDeakin et al, 2007; Curwell et al,
2005; Egan, 2004; Bentivegna et al, 2002). Dueart to insufficient evidence indicating
whether regeneration interventions contribute taetract from sustainability, decisions are
often made without understanding of their full imptions. The Egan Review (2004)
confirmed the existence of a skills gap among umegeneration professionals and the need
for effective teams and interactions between thedtganisations and individuals involved in
the processes and across the public, private, taygncommunity and academic sectors for
SUR to be successful. RENEW Northwest (2005) ampel the eight point Egan wheel for
sustainable communities, as shown in figure 1, idedtified that the three skills gaps that
need tackling are the discipline based technicallsskeeded to deliver SUR, the
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collaborative skills required to deliver integratedulti-disciplinary working between
disciplines working on SUR, and the engagementwsidning skills needed to identify and
achieve the goals common to professionals, elettechbers and the general public. The
Egan Review itself concluded that to achieve meddarimprovements in the communities
that they serve, individual professions and disegd could be left to deliver their own
domain skills but that there was an urgent neecpémple with higher level generic, cross-
cutting skills. The RSW is seen as a tool that, fogtering a holistic approach to
consideration of all the dimensions involved in ambregeneration and their implications
upon decisions, could help support the developrattitese skills and knowledge

1.2. SURegen project aims and objectives

The overall aim of SURegen is to explore the coheap reality of a digital tool that is able
to meet the decision-making challenges that reggioer poses, to practitioner stakeholders
in the first instance. The Regeneration Simulatarkbench (RSW) will hold good practice
knowledge about sustainable urban regeneration JSlJ&ving it to function as a library of
good practice that could be used for educationtemding purposes and a learning laboratory
to support professionals and other stakeholdersinigerstand not only the regeneration
process and its key decision points, but also fdoeg some of the impacts of these decisions
through the running of ‘what-if’ scenarios. As alltirperspective tool providing a shared
workspace, the RSW will enable regeneration teamrmibpees to collaborate more effectively
due to access to the following:

e Simulations of the regeneration process. In thiy elagnosis and visioning phases
this will allow professionals to gain experiencedecision-making before they enter a
live regeneration environment and allow them tagfar good practice to help fill the
skills gap;

» |dentification of the main regeneration processsien points. This will allow better
understanding of regeneration dynamics, potentedision outcomes available at
each point and some of the management and plammplgcations ahead of full cost
implementation;

e Team building and stakeholder engagement suppodiuding businesses and
citizens) to diagnose the regeneration need, contisly develop and update the local
vision and develop scenarios and indicator requards)

* Advice about the most suitable available assesstoehfor evaluating alternatives at
key regeneration process decision points agaimsvigion, scenarios and indicators
appropriate to delivering the most mutually satisfay SUR outcome.

By providing this knowledge it is anticipated thhe RSW will help to close the skills gap
identified by the Egan report (2004) as above iatise 1.1. This will be achieved by
construction of the RSW and its ontology around ¢bee set of regeneration competencies
included in RENEW Northwest’'s eight point developrheof the ‘Egan Wheel for
sustainable communities.

2. Technology

Buxton (1994) describes a model as an abstraceseptation of a portion of a system that
consists of the concepts, objects, relationshiggabilities and reactions that are important to
the perspective addressed by the model, and madelsised to explain the operation and
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underlying concepts of systems that are too compiexbe otherwise understood.
Visualisation and simulation technologies have besed for a number of years to present
urban design plans, but current simulation modetsliaited in their ability to accurately
predict future social, economic and environmentatcomes due to the complexity,
uncertainties and ambiguities surrounding urbamsttmaking and the lack of applications
based upon an integrated urban data model or @yoldApplying the ‘MoSCow Rules’
(Avison & Fitzgerald, 2006; Bell & Wood-Harper, 180to user requirements by prioritising
them ‘must haves’, ‘should haves’, ‘could havest awon’t haves’ is one method that can
help to overcome the different and potentially dietihg viewpoints of the multiple
stakeholders involved in planning and help implemai their requirements in one
development lifecycle. The SURegen project aimsot@rcome these issues by both
prioritising user requirements according to the Ii@o% Rules in the modelling and matching
methodology and use an urban data ontology in ¢éveldpment of the RSW.

2.1.n-Dimensional modelling

The EPSRC fundeBrom 3D to nD Modelling project outlined and developed the concept of
multi-dimensional modelling based on the buildingpale, and demonstrated that it was
technically possible to integrate the numerous data relating to these dimensions to model
what-if scenarios even with data that was not igfiair geometric in nature. An nD model
is defined as the development of the conventioag8ometric model of length, width and
depth to include any and an infinite mnumber of dimensions that might be of relevance to
the design, construction, maintenance of the kngldi.e. its whole lifecycle, such as crime,
lighting, thermal dynamics, safety, whole life dogtand accessibility to name a few. The
aim was to enable seamless communication, simuolamd visualisation to demonstrate
fithess for purpose for economic, environmentallding performance and human usability
in an integrated manner. The nD tool prototypddsuon the Building Information Model
(BIM) concept and is IFC based and the prototypedehdntegrated lifecycle costing,
acoustics, environmental impact, crime and acc#isgillata and showed how different
design priorities could be tuned up or down depegmain the viewpoint or individual needs
of a given stakeholder. This allows context speityf to be applied to the model: for
example, different design features would be ‘turnpdin a model applied to a high crime
area which would have different knock-on implicasdo the design as a whole, e.g. location
of windows, opening direction of doors, use of toeiged glass and CCTV and the additional
cost of these etc.

The nD prototype has been developed into an nD gahieh has been used with school
children who used it to design their ideal schdutp://www.ndgame.org/as children are
schools’ end users. This has demonstrated not trdyvalidity of visualisation and
simulation technologies for educational purposdstielimportance of a gaming approach to
help with comprehension of complex relationshipsMeen people or design entities and the
ability of the model to elicit and make explicitethacit knowledge that stakeholders may
possess. A related aspect of this is the abifisuch nD models to facilitate the development
of holistic thinking among stakeholders involved aomplex industries like construction
which has a long supply chain and is characterisgdmnono-disciplinary thinking and
working and a lack of trust, and processes suctegsneration about which there is little
consensus about the decision making processeanchpacts of these. Aouad et al (2007)
argue the nD concept will require a shift in mired ®© enable nD modelling from traditional
modelling and education is a powerful enabler itping professionals and stakeholders
become equipped with the right skills.
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Fig. 2. Regeneration simulator concept (developewh the nD modelling research
framework, Aouad et al 2007; Lee et al, 2005)

It is these very benefits that the SURegen RSW svamtealise through the adoption of the
holistic nD approach and applying it at the neiginbood renewal scale at the early stages of
the regeneration programme, i.e. the point at whiginerous visions are explored and key
decisions are taken. Figure 2 shows the nD maodgtésearch framework, updated from Lee
et al (2005) to show the four types of knowledgat tihe RSW should consider and include
namely knowledge that is embodied, tacit or ‘emiedi, process, and encoded and the
ability of the user to configure the data basedhair individual needs i.e. according to scale
or design feature. Whilst it is not anticipatedttla regeneration ‘super model’ able to
simulate all SUR aspects simultaneously could bk during the four years of the project,
the model will be able to provide more concretminfation about physical, economic and
social outcomes of decision making as a resulhefdimensions it is able to collect data on
and the ontological model underpinning it.

3. Methodology

The RSW is aimed at regeneration professionalskand/ledgeable non-experts and, whilst
it will focus upon housing at the neighbourhoodiscas algorithms will enable reference to
higher and lower scales and dimensions such athheducation and transport in order than
impacts can be understood on the immediate areatras® surrounding it. In order to

populate, develop and validate the RSW with itdcgrdated stakeholder user group, the
project will need to meet the following project solbjectives:

» Capture knowledge of SUR processes and practioe feaent research projects, good

practice examples identified by industrial and pubéctor bodies, and the experience
of regeneration from case studies in Greater Mastehe
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e Transform this into actionable SUR knowledge olgemt knowledge ‘chunks’ which
can be learned and assimilated by professionaterethrough the process of their
development or after the event as an ‘educatioaehemid career

« Map the SUR neighbourhood renew process and usetdhinform an ontology to
drive the data modelling

» Select appropriate simulation and assessment tduilsh can be used to predict the
outcomes and impacts of regeneration

» Develop the system architecture to embed seleotdd into the RSW’s data structure

e Construct the RSW using evolutionary prototyping demonstrate is use in the
planning and development stages of SUR and valitiégewith end users in the two
case study areas

WP1: WP3:
Regeneration Function of existing and Selected methods
Mapping, Logistics of emergent Tools and Methods —» and tools
Diagnosis and Reconfiguration for reconfigured
Visioning Regeneration Workbench. +

WP5:

* ) * e System implementation

Use Characteristics Interoperability principles

Alpha Prototype __ 3, Beta Prototype
WP2: WP4: f
User Needs & System Architecture and )
Requirements Design —» System Design
Knowledge Capture Interface Design
Process mapping Data modelling principles

Testing and system ealuation criteria Continuous formative evaluation via iterative programme using action research principles
Summative testing at key milestones - 2 parts: (@) Simulation of the regeneration process (b) Simulation of regeneration outcomes

WPT:
Project Management, Dissemination, Exploitation plans

Fig. 3. SURegen project structure and knowledgedio

The four year project is divided into seven workhsges as shown in figure 3. The first two
years will focus upon the capture and structurihgramwledge, mainly by WPs 1 and 2, in
order to map the regeneration process based upwentistate of the art and theoretical
underpinnings as well as the collection of userdsegnd requirements from the case study
areas. This data will be detailed enough to aN@sioning, scenario exercises and storylines
to be developed and used and the data to be \adidaterms of the potential functionality of
a digital decision support tool to deliver socialigclusive SUR and the functional
specifications to be developed into use cases deitlor the development of technical
requirements. Years 2 and 3 will see WP3 idemtgythe issues, indicators and tools that can
be employed at the key decision points in the reggion process, as identified by WPs 1
and 2, and this will help to facilitate the iderd#tion of the applications and models required
to design the RSW workspaces and interfaces, wotet carried out by WP4. The tacit
knowledge that is collected and the use case stesyldeveloped by WP2 will be used by
WP4 for the system design and the developmentefdtta structures and ontology which
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will drive the implementation of the RSW (to be roaal out by WP5). WP6 will see the
setting up and running of action learning sets awsed of regeneration practitioners who
will provide knowledge of regeneration as it talgace on the ground in their case study
area. This work package will also develop the RBy¥Walidating the user requirements
against the regeneration process, for their inclusn prototypes of the RSW, and for their
actual ability to support decision-making in theseatudy area. It is important to stress the
iterative nature of the RSW development which vake place as a result of both knowledge
collected by project partners from sources extetmahe project, through their relationships
with one another, and from feedback collected viBe6/Nof experiences using the RSW on
‘live’ regeneration projects.

3.1. Technical development — RAD and modelling & matchin

Whilst SURegen has not explicitly stated that tf#NRdevelopment will take place using a
Rapid Application Development (RAD) approach, therative nature of the RSW'’s
development and the complexity and uncertaintigh@fdata it will be using mean that there
are opportunities of conceptualising it in this wayRAD is a systems engineering
development lifecycle that allows faster technidalvelopment at a lower cost and with
higher quality results than the traditional develgmt lifecycle and it consists of just four
stages: requirements planning phase, user desigeepltonstruction phase and cutover
phase, the change from the old to the new systifartin (1991) argues that the ability to
create and modify applications more quickly is oofethe most urgent concerns for
enterprises as this allows them to react more fickmaximise competitive opportunities
in the market that developing such applicationsblga Additionally, the pervasiveness of
computer networks and immediate availability andeas to information and desk-top
decision-making tools shortens decision-making sinamd the use of ‘quick and dirty’
prototypes allowing technical development to be stantly validated with users during
development rather than being checked at the entieoflevelopment which traditionally
could take 2-3 years. This means that incremeaahges can be made to the prototypes as
either requirements change or are shown to be umat for some reason or as additional
functionality is required. This incremental waywébrking also allows new components to
be developed as data becomes available and foeptatassumptions to be tested if the tool
is to embody information or knowledge that may bmntentious, complex or poorly
understood. The RAD lifecycle does not favour paeticular technique over another, but
rather it advocates the use of whichever techniguéechniques are most suitable to the
given problem e.g. process and data modelling, CA&#HS, reverse engineering etc.,
although it does favour methodologies that are tadidg to changing circumstances, make
sense to developers, allow developers to be ceeatid provide guidelines for success and
warn of pitfalls (Martin, ibid).

In line with this iterative development of the teatal simulator itself, the methodology by
which the user requirements will be collected amdn'slated’ into a technical specification
will also be iterative in nature. A methodology tbe development of complex e-planning
systems called modelling and matching (Chen, 20@i#)) be applied which fits the

characteristics of e-planning systems in the follgvways: use of an incremental and
complex development process, involvement of mudtgthkeholders and the interoperability
of applications. Chen proposes a four process dveork which is underpinned by both
technically objectivist or ‘hard’ viewpoints, andterpretivist or ‘soft’ viewpoints and is

iterative in nature. These four processes arartbdelling process during which the social
context and user needs and available technologe®xplored, the matching process by
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which the prioritised system functionality is matdnhto the available technologies, the
iteration process and the evaluation process.

4. Conclusions

This paper has provided a description of the SURgmeject and the iterative way in which
it will collect user needs and data to develop aatldate a decision support tool, the
Regeneration Simulator Workbench, to help addressdgeneration skills gap identified by
the Egan Review (2004). It has shown how an RApr@gch to technical development can
be useful when developing tools aiming to suppoostesses that have uncertain and complex
outcomes and it has shown how a similar approaghndttyping for modelling and scenario
in the nD modelling project helped to overcome anhar of difficulties associated with a
complex concept.
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Abstract:

Ongoing improvements and the adoption of new teldymes are acknowledged as major
determinants of economic growth. The ability toamate and adopt new technologies plays a
vital role in the progress of any nation. This @rteularly true in developing nation where
sustainable development requires technologicallsbies and technological innovation to better
exploit existing technology and promote the adapid new technology. To be effective in this
regard requires the collaboration of all relevanstitutions such as Non governmental
organizations. Community based activities permeate the activities of Non Governmental
Organizations (NGO). The objective of this papetasexamine the application of technology
transfer through NGO community based activitiestaD#sed is mostly qualitative from academic
journals, conference papers, government reportgelolegment magazines and NGO websites
because it suit well in understanding the dynanatdNGO activities. The study is important
because of relative neglect of the specific resequestions by previous researchers.

Keywords. Non Governmental Organization, technology transféigeria, capacity building,
development

1. Introduction

The development discourse has evolved over thesy@dwe discourse has shifted focus over the
years from that of aid orientation (Mitlin et a2Q07) to that of support of building both human
and institutional capacity among many other devalept paradigms (Wubneh, 2003). As the
development discourse evolved, so did its definjtiplayers and institutions. The previous
definition of development prior to when ideas sashmodernization and human development was
devised centered on economics view, which was maam economic development (GDP)
(Bhattacharyya, 2004, Lewis, 2001). In recent getire definition has come to mean much more
than economic development as development encongpéss®rs such as the quality of life and
embodies aspects such as economic, social, or hdenaslopment (Stiglitz, 1998, Bhattacharyya,
2004). Different elements have been added to thieitien of development such as community
development. Community has come to be viewed asmgortant factor in the development
paradigm. According to (Stiglitz, 1998), Much offeli centres around communities, and
communities are often the most effective vehiclebitnging about the transformation of society.

According to Stiglitz, 1998, Development not onhartsforms a society, enriches the lives of

individuals by widening their horizons and reducitiggir sense of isolation. It reduces the
afflictions brought on by disease and poverty;at anly increasing life spans, but improves the
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vitality of life. This definition carries much weig than just calculating the GDP of a nation. It
puts into focus that there must be a transformdtimm old ways to something better.

Lewis (2001:17) defines development as deliberétsmgpts at progress through intervention. It
can also refer to the efforts of people to imprdveir quality of life through their own efforts.
Bhattacharyya, 2004 argues that ultimate goal ekldgpment should be human autonomy were
the people exert the capacity of people to ordeir tivorld, the capacity to create, reproduce,
change, and live according to their own meaningesys, to have the powers to define themselves
as opposed to being defined by others.

At the same time that the development discourseatvds peak, there was also “important players/
actors” in this discourse namely the Non governaenmtganization (NGO) (Korten, 1987, Mitlin
et al.,, 2007). Among other institutions of devel@mnh such as the government, financial
institution, educational institution, NGOs are ifwed in what Lewis (2001: 18) termed “people
centered development”. People centered developmseattained by NGOs playing a role in
empowering civil society by linking local initiatvback into national and structural change (Craig,
2007).

NGOs are recognized as being vital to the succkssélization of development policies and
projects (Edwards and Hulme, 1996, Mitlin, 1998;0®ks have comparative advantage to their
government counterparts (Atack, 1999, Fisher, 19930Os were seen as an alternative to
development (Mitlin et al., 2007), better servicevpder (ref) provide services at better value for
money (ref), closer to the people the work witH)(réhese has also been contested and called to
guestion over the years. Research by many develiopand NGO scholars counter old orthodox
belief that NGOs are the answer to alternative bgveent (Funk, 2006, Mitlin et al., 2007, Tvedt,
2006, Zaidi, 1999) NGOs have been reputed to hawiagsame problems of bureaucracy that the
state are accused of and they are criticised liegtdo not reach the poor people as they have been
claimed to (Edwards and Hulme, 1996)

This paper examines NGOs efforts in developmenbuidin technology transfer. It does this
through firstly looking at the concept of Non-gowerental organization and technology transfer
as this forms the underpinning foundation in un@demding their involvement through community
based activities. In so doing the concept is linteedevelopment discourse through issues arising
from such involvement, which are capacity buildiegmmunity development, sustainability and
technology transfer.

For the purpose of this paper, NGOs acronym walhdtfor Non governmental organization and it
is construed to mean independent, non profit, dgveéntal, voluntary organization operating at
the local levels that are neither government nairmss that are engaged in development and
poverty reduction work at local, national and globevels around the world. This definition
encompasses definition from Lewis (2001) and otR&O scholars such as M. Edwards, &
Fowler, A., 2002; M. Edwards & Hulme, 1992; F. Wslker, 1997. NGOs are heterogeneous and
cannot be generalised (Edwards and Hulme, 1992]s,.e2001). They differ in activities and
purpose but they all have certain features in comsuzh as “Value” (Lewis, 2001).

The definition of technologgs adopted in this research is the means of agpiyiderstanding of
the natural world to the solution of practical devhs and technology transfer as referred in this
research is théintervention” by Non governmental organisation lwihe aim of accelerating the
flow of technologies to local communitieShe underpinning point of this definition is flowf o
know-how from nongovernmental organisation to lamahmunities.
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This paper will limit the scope of the study by expg NGO activities in poor communities in

Nigeria. As NGOs activities are numerous, and tlaeg involved with many projects and

programs, this paper is concerned only with the emmhousing needs of the people in poor
communities in Nigeria. Therefore, the paper witlyofocus on community based projects that
deal with the construction of houses, schools argpital; in other word the built environment.

Housing need is chosen because Housing is a tiiicir in determining the general quality of
life for people (Majale, 2004). People with unmeiuking needs tend to be socio-economically
disadvantaged, experience higher death rates, lpeath, and are more likely to have serious
chronic ilinesses.(Garner, 2006). Inadequate Hgussna major problem facing Nigeria and
housing conditions is continuing to worsen duertman population(Ogu and Ogbuozobe, 2001). In
1970, Nigeria's urban population was estimatedsa3 of the total population. This rose to about
20.2% in 1980 (Awotona, 1990). The country’s cit@re said to be fast growing at double or
triple the rate of national population increasegas has grown from 1.14 million in the early
1960s to 6 million, and is alleged to have the wbveng conditions of all African cities (Nwaka,
1992). The unmet housing needs and services lesudted in the spread of slums and squatter
settlements, the outbreak of serious epidemicsechury overcrowding and poor sanitation
(Nwaka, 1992). Ogu & Ogbuozobe (2001) specifiestthge housing challenge that Nigeria faces.
They purported that the country's first NationallRg Plan 1990-92, estimates housing deficit to
increase to between 4.8 million and 5.9 milliontbg year 2000. According to the authors, it has
been documented by the national housing policydhatstimate of 700,000 housing units need to
be built in the country each year in order to miet housing gap by the year 2000 (Ogu and
Ogbuozobe, 2001).

It is also pertinent to state that the paper dagssanggest or imply that NGOs are the answer to
development; rather it examines the role NGOs playtechnology transfer through their
community-based activities. It is also important émphasize that other institutions that do
contribute to development exists such as the sgateernment, Universities and research
institutions, financial institutions and other demmental institutions. For instance, the
development of the advanced nations has been thralgyelopment of both human and
institutional capacity (Cooke and Leydesdorff, 200&ith the above background and the given
purpose of this paper set out, this paper givesktijective of this research and then the conceptual
basis of linking NGOs with technology transfer.

1.1. Research objective

The objective of this paper is to identify the leesponsibilities and scope of work of non
governmental organization and its stakeholders.

1.2. Proposed methodology

This paper is an initial part of a PhD thesis whicbposes to adopt the interpretive epistemology.
The researcher’s decision to adopt the interpre@pestemology is because it is the better

alternative epistemology suitable to address tkeaieh questions and to achieve the objective of
the research. The justification for adopting thsswanption is because of the nature of the study
which deals with variables that are complex antialilt to measure rather than the positivist mode

which deals with variables that can be identified aneasured.

This research proposes to constitute of exploratasge study approach, involving five (5) detailed
case studies; utilizing data consisting of thevatatis of NGOs involved in construction in poor
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communities in Nigeria and the communities thatdhérfrom these activities. The use of case
studies methods is utilised to gain understandmghts phenomenon. Hesse-Biber and Leavy
(2004) stated that vivid experience often suppbgdcase studies is an important mechanism for
the transfer of knowledge from one setting to aentData collection is mostly qualitative from
academic journals, conference papers, governmguarteg development magazines and NGO
websites because it suit well in understandingdmeamics of NGO activities also the use of semi-
structured interview is utilised to enable the agsker gain insight into this study.

1.3. Research problem

Literature on the channels of international techggltransfer and their importance for the growth
of any economy abound (Hoekman et al., 2005, Nad887, Lee, 2006, Masten and Hartmann,
2000). However, apart from principle channelsrahsfer such as direct transfer of technology via
international licensing agreements, foreign diiegestments (FDI), and international trade, little
is known about the impact and magnitude of the mmrg of people as a source of technology
transfer. As acknowledged by some technology teangerature, the best form of transfer is the
movement of people. This statement is concurred Beyl and Pavitt (1993) who also
acknowledges the contributions of technology tran&fy the movement of people (Martin and
Pavitt, 1993). This nature is a key characteristislGOs because of the large array of community
based activities that they carry out and in thahrwnity based activities, experts, researchers,
funders, international and bi-lateral organisati@tisinteract, share and exchange knowledge.
NGOs carry their tacit knowledge, embodied knowkedgmd experiences to places they seek to
make a change in. Hence this research contribatesawledge by filling the gaps in literature by
bringing together technology transfer literature &GO literature.

1.4. Justification for theresearch

In this paper, the author deals with a subject, tdaspite its importance, is rarely raised in
technology transfer literature, which is NGO asharmel of technology transfer. While there have
been general discussions and writings on Non govental organisations, the role they play in
technology transfer in developing countries hakelivritings about it. There are little writings on
how NGOs contribute to technology transfer throupRkir interaction and community based
projects in communities they work with. This pap#iempts to address this gap in the literature.
The justifications for this research are as follows

» Large statistical data showing research problentsrims of real issues in the region (humber of
poor especially in Africa increasing, lack of caipastill a major issue).

» Current debates and discussions from internatiagahcies, non governmental organizations,
and government publications (importance to movedcpoaway from only aid provision to
transferring knowhow for a sustainable developmeértt)s contemporary debate focuses on the
need to integrate developing countries especiakty African countries more into international
trade through technology transfer.

» Relative neglect of the research questions byipusuwesearchers
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2. Literaturereview

The literature review sets a milieu to the NGO pimeanon and examines NGOs literature in order
to comprehend and have a general insight of NGGengrhenon. This section will review
literature on NGO roles, responsibilities and scape then links it to technology transfer.

The literature focuses on Non governmental orgdioizs, technology transfer, and community
based projects and capacity building. Communityeaactivities permeate into NGO activities
thus this is seen as NGOs promote local parti@paliy working closely with the community
groups as partners, emphasizing self help inigstignd local control of programs (Bebbington,
1997, Bebbington and Thiele, 1993, Edwards, 199Rydtds, 2002, Fisher, 1997, Fowler, 1992,
Craig, 2007, Lewis, 2001). By doing this, they ar&dvertently promoting capacity development.
Capacity development as defined by Godfrey et &l022 article is the process by which
individuals, organizations, institutions and sde®t develop abilities (individually and
collectively) to perform functions, solve problerasd set and achieve objectives.” Community
development promotes social inclusion and demacysiticipation. It is rooted in the concept of
empowerment (Powell and Geoghegan, 2006). Commadeitglopment can be defined as a broad
based change for the benefit of all community memfieelly and Caputo, 2006)

organisational leve :
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Developing human resources -+ il TR,
Building capacity ndividual philanthropists
2 Northern NGOs

sectoral leve 2 multilateral donors
Civil society as a sector 4 bilateral donors
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d
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private sector
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Figure 1: Characteristics and features of NGOs

The above diagram captures some of NGOs charaatsyigs roles and scope.

NGOs have had their fair share of criticisms. Aughsuch as Tvedt (2006) have made this known
in his recent work. NGOs do have their short commirgne of the arguments used to oppose the
importance of NGOs to development is that NGOsoftlen understaffed and short of trained field
workers. There are also arguments that NGOs do Inegative impact on the economy of
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developing countries and the same disadvantages oy NGOs about government also applies to
them. However, The growth in the numbers and scdpGOs around the world has been widely
published by NGO researchers (Lewis, 2001, Tve@l@62 Edwards and Hulme, 1992, Fisher,
1997). In replicating the words of authors suchFasher (1997) and Domeisen (2006), they
attribute the evidence of the growth of NGOs tolude the increased numbers of officially

registered associations, the number of NGOs reptedeat international conferences, the
increased amount of development funding channelledugh NGOs, the attention paid to

collaboration with NGOs by the World Bank and otheernational agencies, the highly published
successes of lobbying efforts of NGO coalitions.

NGOs have been purported to have comparative aalyardver government, donor agencies and
private firms (Bratton, 1989, Marcussen, 1996, Edisaand Hulme, 1992). NGO activities

include the delivery of new or improved services dmmmunities which are in need, raise

awareness to issues neglected by those in auth@rbyide emergency assistance, engage in
enlightenment programmes, and different commudiyelopment projects and programmes
among others.

2.1. NGOroles
There are two main roles NGO plays: the service anld educational role.

The delivery of services plays an important roldNtBO budgets and their basis for support
from a wide range of donors. Such services incligdinical advice, resources for relief,
development and other purposes. Educational andcady NGOs seek primarily to
influence citizens educate populations and mobpigielic opinion about the requirement for
fundamental change in the global order. This mayiked to the logic of forming new
policies, better decisions to help reinforce vasimworms promoted by intergovernmental
organisations through public education campaigAdter having highlighted some of the
roles, responsibilities of NGOs, the next sectiolh@xamine the role of NGOs in technology
transfer.

2.2. Technology transfer

The importance of understanding the applicationtehnology transfer through Non

governmental organization is paramount to the ssfakéimplementation of development
projects or policies around the world and especialldeveloping countries. Technology has
been defined in different ways by different authtrmm different fields. The economists’

definition defers from the sociologist as well aghsopologists. Technology transfer has
been defined as “the movement of know-how, tecainknowledge, or technology from one
organizational setting to another (Bozeman, 2000).

After having established the basis for NGO involeamin technology transfer, it is pertinent
to mention some Non-Government Organizations (NGi@glved in the housing sector,
particularly; habitat for humanity, Concern, OxfaMorwegian Save the Children Fund,
BRAC, Orangi pilot project.

2.3 NGOstransferring technology through community based projects.

Developing countries and especially in Africa, thegn impart technical and managerial
skills from which local communities can benefit fro This can be seen as in the case of
South America and Asia (Bebbington, 1993, Farringémd Biggs, 1990). Part of NGOs
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programmes in Nigeria include capacity building andtainable development and in the area
of social services where it is needed most is inosing (Awotona, 1987). The oil boom
period in Nigeria brought about rapid urbanisatenwell as the increase of “slums” and
informal human settlements on cities(Awotona, 1990apacity building goes beyond
individual organisations and institutions to broadgstems, groups of organisations and
networks (Shrum, 2000 ). It goes on to encouragenconity development which according
to Kelly and Caputo (2006) emphasises asad-based change for the benefit of all
community members. The key factor in these actisits theparticipatory strategies utilized
by NGOs in poverty alleviation as participationti® key to sustainability (KLEEMEIER,
2000). Contribution to technology transfer througdmmunity based activities could be on
the individual level, organisational level and settetwork level.

3. Conclusion

This paper explored some literature on the rolesponsibilities and scope of Non
governmental organisation. It confirms that NGOsé anvolved in a diverse range of
development activities but that a number of thgguts have not really solved the issue of
development (Edwards, 2000:9). The paper takes pbeaaci NGOs’ activities in Nigeria to
access the magnitude of technology transfer chathgeé<ould be brought by their presence.
One of the more significant findings to emerge frois study is the recognition that
community capacity building sets a stage for comityudevelopment and that could
translate to technology transfer. The paper comdufiat a number of problems need to be
addressed before such activities can be satisfigctantertwined into development
programmes. An implication of this is the possipithat there is a need to further investigate
the nature of technology transfer by NGOs to otemstors in the country. This paper will
serve as a base for future studies and further wedds to be done to establish how NGOs
transfer technology in developing countries.
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Abstract:

A study has been carried out in order to deterntivee current extent of IT usage, main
purposes, benefits, obstacles and impacts of fhenTurkish contractor firms by making a
field survey. The field survey has been conductealich a number of large construction
firms in Turkey. Their main purposes on the usélTpbenefits by using IT and obstacles to a
greater use of IT are evaluated. With the help lé field survey, impacts of IT
implementations and levels of them are demonstrdted found that IT implementations
have only technical and economic effects. Althodigins which compete in construction
industry need to use IT strategically in order #mngcompetitiveness; there is not much
evidence that the firms are affected strategidajlyising IT.

Keywords:
Information technology, field survey, Turkish caattor firms.

1. Introduction

Technology has been continuously improving, caulsgh business pressures that affect
organizations’ current and future competitivenddsese pressures cause common and rapid
changes on all industries. Construction indust3is® affected by these changes but shows a
different improvement from other industries in ternof its nature of activities and
unpredictable conditions. By means of these rapignges, it is obvious that construction
projects have gradually been more complicated aensive, and it has been much more
difficult to achieve the required aim in terms ohé, cost and quality. Thus, information
technology (IT) becomes an issue to cope with tienge; by means of adding, developing
and competing with the modern business environmevibreover, successful IT
implementations becomes into an important terncéorstruction firms, against necessity of
adaptation to the continuously changing businessramment. Firms which compete in
construction industry need to use IT strategically order to keep their competitive
advantage. By using IT strategically, IT can tuntoia valuable tool for creating enhanced
competitiveness and gaining strategic advantagthéfirms.

This paper presents the results of the field sumvbich has conducted in a postgraduate
dissertation named “Strategic Use of Informationchire@logy on Gaining Competitive
Advantage in Turkish Contractor Firms”. The aimthé field survey is to highlight the
importance of using IT strategically in order toiggompetitive advantage for Turkish
contractor firms. This paper only focus on the Elity and usage of computers, purposes
of using IT, benefits, obstacles and impacts oiniplementations among Turkish contractor

191



firms. The whole field survey findings are goinglte demonstrated in the dissertation as a
result of it.

1.1. The Use of Information Technology in the Construction I ndustry

Many researchers have stated the importance afnafibon and use of IT in the construction
industry. For instance, Rivard et al. (2004) statieat “information is such an essential
component of construction activities, the evolutalT will undoubtedly have a profound

impact on how organizations in the architecturekesgring-construction (AEC) industry

operate”. Moreover, Issa et al. (2003) emphasibed o survive and succeed in today's
business world, companies of any size, public arape, from any industry, from leaders to
start-ups, feel the need and the pressure to dewttategies to catch up with IT”. Before
explaining the use of IT in the construction indysit is better to define the characteristics of
it; because construction industry differs from otimelustries in many ways.

In contrast with other industries, constructionaigroject-oriented industry that produces
unique products. Each project based on a long psoftem initiation of the project, design of
the project, procurement, construction, and opemawf the facility to disposal of it.
Secondly, the risk factor is much higher in condinn than it is in other industries; because
the nature of the work itself is unpredictable. domparison with other industries, more
resources are involved in performing constructiativdies, more interrelationships exist
between construction activities and more factolatirgy to environment and technology may
affect the work flows in construction. Moreoverckagroject is almost unique and there are a
large number of project participants with differeypecialties and multiple interrelated work
flows in the construction industry. This makesatrplex and fragmented. In this long and
fragmented process, various usage of informatiohrtelogy can be seen in the construction
industry.

First of all is the use of computers and softwake IComputer Aided Design (CAD), 3D
Modeling, Computer Aided Facility Management, pobjegplanning and programming
software, scheduling, costing and budgeting prograrhe second place it can be seen is in
communications such as access of internet, welalppghared databases and distribution of
documents in digital format. By using these, tippaper and cost savings are gained and
project progress speed is increased. Moreover, @sstruction industry is heavily
information-based, IT offers great potential to mwye management practices,
communication and overall productivity in the inttys

IT can have different impacts which are often difft to identify. Different applications can
have different impacts on the firms. Because ofdiffeculties in analyzing the impacts of IT,

it is necessary to define various effects of ITtha firms. There are three types of effects
such as technical effects, economic effects arategjic effects. All IT investments involve
both economic and technical effects. Although I's megative economic effects such as
expenditures on IT; new revenues added to the &imth cost reductions generated by the
technology are the positive economic effects thauo in the firms. The technical effects
refer to changes in the time required for an emggyhe department or the firm to perform
its task. Moreover, quality improvements, addedigadnd less resource consumption can be
said as other technical effects. Even if an IT enpéntation generates positive technical
effects, this does not imply that the implementai® successful. The technical effects must
be transformed into strategic effects in order takenan IT implementation successful.
Successful implementation depends on the busitegegy of the firm. One issue that arises
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is whether competitive advantages from IT are soalbde. If IT is going to create enhanced
competitiveness and strategic advantage for tine tinen it has to create unique benefits to
the firm that does not occur in any other firm. tBpo(1985) claims that even if technology
does not yield competitive advantage to any oma, fit may affect the profit potential in the
industry.

IT can be implemented to enable internal and eatemprovements in the firm. Internal
improvements refer to changes in the firm’'s valbaie that improve the performance and
competitiveness (Porter, 1985). Such changes caordo projects, project process and
organization. IT implementations that support thisibess strategy generate effects that are
coherent with one of the generic strategies, ceatldrship and differentiation. External
improvements refer to changes that improve the'sigposition in its environment in terms of
customers, suppliers, new entrants and substitktethermore, external improvements can
have impact on the performance and competitiveoit®e firm.

1.2. Background

Several studies have been made to demonstrates¢hanal to determine the impact of IT in
the construction industries of different countreegch as in New Zealand (Doherty, 1997);
Scandinavia (Howard et al., 1998); Canada (Riva@oO; Rivard et al., 2004); Australia
(Thomas et al. 2001); South Africa (Arif and Kara2®01); Northern Europe (Samuelson,
2002); United States (Issa et al., 2003); Austtat{davi et al., 2004). It is necessary to
mention how IT usage and its impact were determingdese studies.

A survey was made in order to see the extent ofpeoen use in the New Zealand building
and construction industry (Doherty, 1997). The syraimed to measure computer usage and
to assess the direction of the industry in termthefuse of computers. Another survey was
made as an IT-barometer to ascertain IT usagedarcémstruction industry in Scandinavia
(Howard et al.,, 1998). The survey results from Darkn Finland and Sweden were
compared regarding the use of computer hardwariwa® and communications. The
survey in Canada was developed from the IT-baromatd conducted in order to see the
current and planned use of IT and its impact omitecture, engineering and construction
(AEC) industry (Rivard, 2000). Results of the syrveere presented including topics such as
computer availability, computer usage, computeeaid drafting, networks and
communications. The study in Australia aimed tonexe the current usage of IT by
Australian subcontractors, and to identify the ptt problems for subcontractors in IT
implementation (Thomas et al. 2001). Moreover, evesyg was conducted to identify the
extent of IT application in the building construetiin South Africa (Arif and Karam, 2001).
Another survey was repeated as an IT-baromete0@® 20 determine the use of IT in the
Nordic construction industry (Samuelson, 2002). Pliepose of the study was to create a
method and perform a survey for measuring the @1$€ im the construction industry. These
surveys were carried out in Sweden in and in Deknaaid Finland in 2001. Knowledge
about access to computers, software and equipmea, of computers and software,
communications, effects and strategies were gadh&mn the surveys. Advantages and
disadvantages of IT were put forward by comparhmg gurvey results from 1998 and 2000.
Then, the results from the comparison between dlomtcies were presented. A similar study
was made in the US construction industry aboutsr@ss implementation (Issa et al., 2003).
The study focused on determining the level of aidoptof e-business within project
management systems by general contractors. In ¢bpesof the survey, e-business, e-
procurement, e-marketplace and their practices h@ WS construction industry were
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researched. A series of case studies was madesamséhof IT in the Canadian construction
industry (Rivard et al., 2004). Architects, engirsgeegeneral contractors and owners were
included in the scope of the study. Eleven consitsn@rojects were selected so as to define
the practices and benefits of IT. Several typetedfinologies such as 3D, CAD, custom web
sites, commercial web portals and in-house softwlaneelopment were found to be used in
the projects. Furthermore, an inquiry was made lmtitding product information acquisition
and processing by architects and building owner&ustria (Mahdavi et al., 2004). As
architects and building owners are the major pgditts of construction process, their habits
about using IT irbuilding product information acquisition were intigated.

There are also several studies in Turkey in ordedetermine the importance of IT in the
construction industry by presenting different kirafanformation systems. One of them is a
study that aims to design a conceptual framework @evelop a computerized model for
recording, organizing and delivering informatiorfi@éntly in order to provide effective
management functions. The outcome of this study c@mputer-based information system
called ASAP — Automation System for Architecturalagélices — that was developed to
respond to the stated problem of large architechffewes (Kanoglu and Arditi, 2001). This
system was developed in order to help to managmtbenation flow among the participants
who face serious management-related problems iddébgn process because of a lack of an
efficient information system. Another similar infoation system model, MITOS — Multi-
phase Integrated Automation System — was desigorediesign/build firms (Kanoglu, 2003).
An experience-based computational model was usedh estimation of the duration of
construction projects, and the performance resutt® discussed. MITOS was developed in
response to the need expressed by a large, walbtssted Turkish design/build firm that
undertakes projects in cooperation with internalopartners. It is a performance-based
duration estimation model integrated with an autitmnasystem model and a comprehensive
model that attempts to solve the integration pnobie design/build organizations.

The importance of IT in the construction indussyalso emphasized by conducting several
studies on the building product field. For the psgs of gathering the information on
different kinds of building materials, and designi database which will be used during the
design process, a research project supported bphbist Technical University Faculty of
Architecture and the Istanbul Technical Univergtgsearch Fund was carried out. The paper
was based on the findings of the research projalted “Designing a Building Material
Relational Database Management System for Turkahsuction Sector” (Tas et al., 2002).
A survey, about the current and planned use ofnd i&s impacts, is conducted between
demand side -architects- and supply side - builgirgduct manufacturers- in Turkey. The
applied methods and frequency of usage in builgiraduct information acquisition, their
characteristics, importance and point of view inlding product information systems were
determined (Tas and Irlayici, 2007). Moreover, da¢abase designed aims to join the supply
side and the demand side in the same environmantwbrks on the domain of building
material information in the Turkish constructiordustry (Tas et al., 2008). To achieve this
goal the information supplied by the supply sidel #me requirements of the demand side
were evaluated from different point of views. Di#at data were gathered from the both side
in accordance with the type of source, level obinfation and frequency of updating. The
data gathered were integrated into the pre-cortgirustage and used in the analysis of the
building material evaluation and selection procs$o how this information was used by the
demand side.
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2. Purpose and M ethodology

The purpose of this paper is to emphasize the itapoe of the IT usage in construction
firms by describing the current use of IT by evéilhg main purposes, benefits, obstacles and
impacts of IT in Turkish construction industry.dnder to achieve this purpose a field survey
is conducted in Turkish contractor firms. This papesents the most significant results from
the field survey and focuses on the availability asage of computers, purposes of using IT,
benefits by using IT and obstacles to using IT amally the impacts of IT implementations
among Turkish contractor firms.

The target of the field survey is contractor firméich are members of the Turkish
Contractors Association. The Turkish Contractorsassation (TCA) is an independent, non-
profit professional organization based in the @amf Turkey, Ankara. The association was
founded in 1952 and represents 142 leading cootréians in Turkey. The business volume
of its members encompasses nearly 70% of all damestd 90% of all international
contracting work done by Turkish contractor firnasfar.

A questionnaire has been set up in order to cotlata from participants of the field survey.
Firstly, an attempt was made to contact the firmast@lephone and electronic mail. From the
142 registered firms, 99 of them were contactee fEsponse rate was 35 or 35% out of the
99 contacted construction firms. However, the nundédirms that are evaluated is 32. 3 of
them are not included because; their responsesnatrnd clear enough. 20 questionnaires
were filled face-to-face and one-on-one with pgstats. The electronic mail included an
explanation of the study objectives, instructiond ghe questionnaire itself were sent to the
other participants who did not agree to a personefview.

3. Fidld Survey Findings

The questionnaire is divided into three parts:

» The first part concerns the presentation of the.fit aims to gegeneral profile of the
firmsin terms of the number of employees, operatingpdeand operating field.

* The second part of the questionnaire involves guestabout theisage of IT among the
firms. Their IT usage purposes, benefits by IT esagd obstacles to use of IT are
evaluated.

* The last part of the questionnaire consist of qoestin order to get information about
theimpacts of IT implementations and at what level the businesffestaed by them.

3.1. General Profile of the Firms

The firms represented in the field survey have &viorce that varied from 11 employees to
over 500 employees. Fig. 1 shows the size disiohutf the firms according to the number
of employees. It is seen that the largest groupglbaso 500 employees with 34%.
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NUMBER OF EMPLOYEES

40%
35%

0,

20 o/" 25%
5% 29%
0% 19%

1506 -

10% -

506 -

0% - : : :

11-50 51-100 101-500 >501

34%

Fig. 1. Size distribution of all the firms surveyderms of number of employees

Firms show rather extensive dispersion about thimgehat they have been in operation in
the industry. The oldest responding firm that i ist operation was established in 1938, and
in contrast, the youngest operating one was estadi in 2004. Fig. 2 shows the highest
percentage of firms 28% occurring at the 22-31 yeategory. From another perspective, the
average age of the firms is calculated to be 3itsya#hich means that the average firm in the
area was established before computers became suthaht tools in the local construction
industry.

OPERATING PERIOD
30% 2804,
25%
25%
20% 19% 19%
15%
10% 9%
5% - I
0% - T z . .
2-11 12-21 22-31 32-41 >42

Fig. 2. Operating period of the firms surveyed

As the firms analyzed in terms of fields which theg operating in, it is seen that they are
working not only in domestic, but also in intermaital contracting works. 66% of the firms
are operating in both domestic and internatioredf(Fig. 3).
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OPERATING FIELD
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60%
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40%
30%

28%

20% -
10% - 6%
0% - . I
Domestic International Domestic &

International

Fig. 3. Operating fields of the firms

3.2. Usage of Information Technology

In this part of the field survey areas and mairppses of IT usage, benefits by using IT and
obstacles to using IT are asked to the firms. REpondents take advantages of using
computers. Fig. 4 shows the type of computer platfobeing used, and it indicates that both
stand-alone personal computers (PCs) and netwd&asdare used by the contractors. 94% of
surveyed firms use networked PCs which provide asy evay to co-ordinate and exchange
documents. On the other hand, 6% of them arenstilhetworked and using stand alone PCs.

TYPEOF COMPUTER

Networked PC 66%

Stand alone & Networked 28%

Stand alone PC 6%

0% 20% 40% 60%  80%

Fig. 4. Percentage type of computers among thesfaunveyed

The use of computers varies but when it analyzdberfield survey, software that consists of
general purpose applications are the dominant ombs. software being used by the
contractors is shown in Fig. 5. All contractorstwdomputer systems used word processing
and spread sheet packages. Computer aided drdffiA@) is also widely used by the
contractors (i.e., 75%). 50% of respondents usgg@rglanning & programming software.
On the other hand, the estimating packages antakdasystems are not as prevalent as other
ones.
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SOFTWARE

Word processing 100%

Spread sheets 100%
ComputerAided Drafting
Project Planning & Programming

Estimating

Database

0% 20% 40% 60% 80% 100% 120%

Fig. 5. Percentage use of software among the faungeyed

Firms have different purposes on the use of IT Hrebe purposes are shown in Fig. 6.
Almost all respondents determined that they araguél on the purpose of quick access of
correct and up-to-date information. Continuous padmanent communication and providing
to do activities correctly and in time are otherjongourposes of IT usage. Providing
competitive advantage has a small percentage ipogas of IT usage with 44%.

Furthermore, other purposes are keeping all recordm electronic medium and offering

optimum solutions to the difficulties that have b@®nfronted with.

PURPOSE OF THE IT USAGE

Quick access of correct and up-to-date

0,
information e

Provide to do activities correctly and in time 1%
Continuous and permanent communication

Increase quality of activities

Provide support for making rightdecision

Provide efficiency in decision making by
supporting management

Provide competitive advantage

Other

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Fig. 6. Purposes of information technology usageramthe surveyed firms

IT provides various benefits for the firms. Firmsveyed are asked to determine the main
important benefits achieved by the adoption of Their responses are evaluated together
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with their grades of importance on a scale frono Btand are shown in Fig. 7. The main
benefits provided by a greater use of IT are quatkess of correct and up-to-date
information, data storage, share of informatiomgvpting better planning, controlling and
management according to the respondents. Possdfiltgducing the staff and less use of
paper are not considered as important benefitsdist respondents.

BENEFITS OF IT USAGE

Quick access of correct and up-to-date information 5.00
Data storage

Share of information

Provide better planning, controlling and management
Ease of communication

Costreduction

Provide standardization

Ease of managementof concurrent projects

Less use of paper

Possibilty of reducing the staff

0.00 1.00 2.00 3.00 4.00 5.00 6.00

Fig. 7. Benefits of information technology usage

Although firms gain lots of benefits by taking adtantages of using IT, there are some
obstacles to greater use of IT. The main effeativstacles of IT usage are evaluated together
with their frequency on a scale from 1 to 5 as ig. B. The two main obstacles are the
continual demand for upgrading hardware and soéwaigh cost of investments. The lack of
standards and providing continuous training to @ygés are not considered an important
obstacle to the use of IT.

OBSTACLESTOIT USAGE

Continual demand for upgrading
Investmentcost too high
Resistance to the change
Reduced security

Unnecessary datainput

Make employees unproductive

Lack of standards and coordination problems

Provide continuous training to employees

0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00

Fig. 8. Obstacles of information technology usage
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3.3. Impacts of I nformation Technology

After determining the purposes, benefits and olestaof the IT usage; there is a need of
demonstrating the impacts of IT implementationghenfirms surveyded. In order to defining
these impacts, respondents are asked at whatlBvelplementations have impacts on the
business. According to the responses IT implemiemsthas a great impact on data
collection, operational support for repetitive werknd developing databases (Fig. 9). On the
other hand, IT has a least impact on formulatingatsgies such as cost leadership,
differentiation and focus; although they are reallyporant so as to help gaining
competitiveness for the firms.

IMPACTS OF IT

Data collection 72%
Operational supportfor repetitive works

Develop databases

Strategic supportin reengineering

Strategic supportin decision making
process of management

Provide competitive advantage
Costleadership strategy

Differentiation strategy

Focus strategy

0% 10% 20% 30% 40% 50% 60% 70% 80%

Fig. 9. Impacts of information technology implenedidans

4. Resaults

As a result of the field survey, which aims to det@e the current use of IT by evaluating
main purposes, benefits, obstacles and impact3;at can be said that Turkish contractor
firms evaluated in the field survey are the domireaxd most experienced ones that operating
in the construction industry regarding their numbeemployees and their operating periods.
Furthermore, as they are operating not only in dsiiméut also internationally, it can also be
said that they are holding the largest market simattee Turkish construction industry.

With the help of the field survey, the case foruSage in Turkish construction firms has been
put forward. All respondents take advantages aigistand-alone and networked computers
that consists of general purpose applications saghwvord processing and spread sheet
software. Moreover, the common purposes of usingriong the firms surveyed are quick
access of correct and up-to-date information, gliog to do activities correctly and in time,
continuous and permanent communication. Firms litebgfusing IT in accordance with
their purposes of IT usage. Regarding these puspdsmnefits by providing IT usage are
quick access of correct and up-to-date informataata storage, share of information and
providing better planning, controlling and managetmé&urthermore; continual demand for
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upgrading, high cost of investment and resistancethé¢ change are the main obstacles to
greater use of IT.

The impacts of IT implementations on the firms &yed show that, IT has a great impact on
technical aspects such as data collection, opesdtisupport for repetitive works and
database developent. On the other hand, IT hate#st impact on strategies such as cost
leadership, differentiation and focus. However am@ a fragemented industry, construction
firms have to adapt one of these strategies inracdienprove their competitive position.

5. Conclusion

In a continuously improving business environmepthhological advances highly affect
construction firms’ current and future competitiees. Thus, IT usage becomes an issue to
cope with the change; by means of adding, devefppind competing with the modern
business environment.

Turkish construction firms take advantages of ugingnly on technical aspects; but not on
strategic ones. However, using and benefit fronarlly technically are not enough to survive
in the construction industry and gain competitieneEven if IT usage generates technical
effects, it does not show that the firm can sudodigscompete in the industry. The technical
effects must be transformed into strategic effectrder to increased performance compared
to competitors. If technical effects can be transfed to strategic ones, IT will create
enhanced competitiveness and strategic advantagendofirm. Using IT strategically can
create unique benefits and contribute to Turkismstmiction firms in order to gain
competitiveness in the industry.
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Abstract:

Finding a place to live is an important event feeryone. There are many options the
buyer has to go through. There are many estatecegenvith huge amounts of
properties for sale or rent. To find the right dreeomes complicated, time consuming
and is often frustrating. Common methods for seagchased on price are not enough.
They produce results that may fit a user’s critelniat tell nothing about the suitability
of a particular result. The aim of this paper isstow an application of fuzzy logic
theory to searching for properties. The comparisetween commonly used methods
using filtering by criteria and the fuzzy methodIvlie discussed. The fuzzy approach
will be presented in which the search portal caulakk every available result with a
score based on all of the requirements the useaméshen sort the results according to
that score.

Keywords:
Fuzzy logic, Searching, Property, Information sgste

1. Introduction

Having shelter is the oldest need of people sinmedigtory. People build houses to protect
themselves against weather dispositions like raind, cold etc. But having a place that

could be called ‘home’ is a psychological thing.t&weryone needs to return to somewhere
where they feel comfortable and safe. It may apgesrto get a home is easy, but it is not. In
fact getting the right home is very difficult andrequires many things to be done before
successful residence can be achieved.

Seeking a new property starts with specifying regjaents for that property. There are many
attributes of a property that could be specifiédndludes a price, area, number of bedrooms
etc. Every person has different needs and resaufées second step in obtaining the new
property is to search for it. There are many palseis of how to do the search. The first
alternative is to go to a real estate agency aedifgpthe requirements and ideas. They will
then try to find suitable properties for the cliemhen the client will view the particulars of
the properties and could visit them and if the propis satisfactory they could start to
negotiate about the price and attributes of a echtiThe second alternative for the client is
to search for the property by himself. There areyniaternet portals which offer a large
number of properties from all around the countrye Tlient enters criteria and portals gives
results that fulfil them, but there are two proessthat the client must go through. Firstly the
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results currently can only be sorted by one ofgtagperty attributes (price; area; number of
bedrooms; etc.) and not by suitability for the tieand secondly is that the search engine
does not weight the preference of some attriblteseothers. This approach is efficient and
effective for those clients who know exactly whia¢yt need and no variations are possible.
Those clients are able to find suitable propedig@skly and then evaluate them one by one to
find the right one. For others, which is the majgrthis approach means a huge amount of
time is spent going through results and evaluatgm manually. The search cannot be
narrowed without the loss of possible good matchesause all of the listed results meet the
defined search criteria and if it is narrowed bgluding another criterion it will cut out those
that don’t meet this final criterion. However, radt of the criteria are ‘hard’ requirements.
Some are mandatory, but others may be desirabdeottver may be aspirational. They do not
all carry the same relative importance to the tlien

A way to solve this problem of relative importarnisdo create a search engine, which is able
to search a database of properties and sort résulisitability for the individual client. The
aim of this paper is to show that this could be magtusing fuzzy logic algorithms in
searching. The client can assign a weight (relgineference of one criterion to all others) to
every criterion, which means assigning it a pnoiie.g. “Three bedrooms are the most
desirable, but two will be acceptable too.”). Thigproach is able to mark every property
according to an individual client’'s criteria and @gesult the output is a list of properties
sorted and ranked by overall suitability to an wdiial client's specific preferences. This
will impose the effectiveness and efficiency of #sarch process for all clients.

Selection problem

The stated problem can be simplified as a selecpavblem from finite amount of
alternatives. The decision maker wants to choosdd#st options from all possibilities based
on the criteria. There is a finite number of atitds every option has. By evaluating of the
attributes the decision maker gets suitability ofvhthe particular option satisfies desired
criteria. By evaluating every option and then conmagit to one another the best option may
appear. But the comparison can be done in many vesydting in different results. This type
of problems is called multi attribute decision nraki

In the property market the decision maker wantakect the best property based on the
expectations and requirements. The significantbatkes of properties are (based on the
unpublished property portals review done by authors

* Type of offer (to sell, to rent);

» Type of property (house, flat, etc.);

» Style of property (detached, semi-detached, etc.);
* Price;

» Area (London, Prague, Munich, etc.);

* New or resale;

* Number of rooms (all types or bedrooms only);

* Area (165 sq m);

» Periphery (garden, garage, etc.).

A number of decision aids supporting selection f@ots can be found in the literature. The
most used techniques in the field of multi attrédodecision making are as follows:

206



* Multi Attribute Utility Theory(MAUT), (Hwang and Yoon 1981; Yoon and Hwang
1995; Olson 1996);

» Simple Multi Attribute Ranking Techniq(@MART), (Olson 1996);

* The MAUT with uncertain inpu{®\RIADNE), (Olson 1996);

* Outranking techniqueELECTRE and PROMETHEE), (Olson 1996; Fulop 2005);

» Preference conggOlson 1996);

* Ordinal preference techniqugZAPROS), (Olson 1996; Larichev 2001; Dimitriadi
and Larichev 2005);

* Geometric Mean TechniguBEMBRANDT), (Olson 1996; Van Den Honert 1998);

* Analytic Hierarchy Process based Techniq@dtPRE 3+), (Olson 1996; Wesseling
and Géabor 2005);

* Visual Interactive MethodVIMDA), (Olson 1996; Korhonen, Moskowitz et al.
2005);

» Aspiration Level Interactive Techniquékotfi, Stewart et al. 1992; Olson 1996).

Each of the groups of methods is intended for &ewxint use. There is no single ‘best’
method for the majority of selection problems. Tperformance of a particular method
depends on the circumstances under which it isieghpFuzzy logic was selected for this
particular purpose because it can handle selegiiohlems without needing of specifying
large amount of variables precisely. Ease of use @@ of the criteria for the approach
selection in order to achieve success in real egpdin.

2. The Need for a Good Search Tool

There are a lot of properties on the market tottapeans many options for a potential buyer.
However finding the right one is difficult and remgs a good method for searching. To be
possible to search through all properties thetbasnecessity to look deeper at the property
details and analyze possibilities of how they cars&arched more effectively.

Every property has defined attributes. The potétigyer has requirements for a property
specified as a list of attributes, so there is &chhéetween input units and the units used for
searching. But specifying just the attributes i$ @ough. The buyer has a list of attributes
the property should have, but there are many ptiegethat will suit these requirements.
Something is still needed to narrow the search. dthreent approach is to sort the results by
one of the attributes of a property. This is natroaing of results, because there is still the
same number, but it gives that particular attriquierity. The buyer may prefer a low price
against the number of bedrooms etc. But this Isrsit a good approach. This gives priority
to one attribute only. The others are still coundsdthe same lower priority. Moreover it
doesn't tell anything about the global suitabilitfythe first listed property in the sorted list of
results.

What it is needed is to weight every attribute Ibiger cares about and based on them mark
the results with a score and then sort them byditise. This approach accommodates every
requirement the buyer has and is able to producghmmore suitable results. Schema of this
approach is shown in Figure 1.
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Requirements

@ Result 1
Result 2

Result 3

Weights
m Result n
Sorted results by

a score

Fuzzy computation
Definition » » Results with a score

Fig. 1. Projected Approach.

3. Disadvantages of the Currently Used Approach

The contemporary approach to searching is basdwhahcriteria selection and then ranking
by one of those criteria. This gives results that the hard criteria the user sets, but tells
nothing about the suitability of each particulaogerty in the list. The user must still go

through the results one by one and do manual etatudvery good search engine has the
feature of sorting the results by criteria, butyttae only able to sort the results by one
criterion. It means the user can only give prefeeeto one criterion, instead of specifying a
weight for every one of them. But real life is maili#ficult than this. The user has a whole set
of preferences and another set of criteria, whioksd’'t matter (e.g. “I want three bedrooms
no matter what, but there needn’t be a garage andkeg.”). Those requirements cannot be
taken into account in contemporary properties seangines.

Figure 2 shows that the most used approach entitdedient to find the right property, but it
is a matter of large amount of time and energy sperevaluations and decisions.
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Fig. 2. Contemporary Approach to Property Searching

4. Fuzzy Logic Could Help

Decision making is characterized by selection aria from amongst the alternatives which
are available. In the process of selection, spetifjoals have to be reached and specified
constraints have to be kept. It can be found thatdecision problems in reality are very
complex and ‘fuzzy’. The goals, even the constgimhay be specified in vague and
ambiguous ways. The use of a traditional exact ema#tical approach is not possible in most
cases, or causes the problem to degrade to a sitaglke which then does not reflect the
reality of when the results should be applied. luagic can help in this matter.

Consider a decision making model consisting of al gescribed by a fuzzy s& with
membership functiony; (x Jnd a constraint described by a fuzzy Gewith membership

function £ (x) where x is an element of the crisp set of altéveai\y.

By definition (Bellman, Zadeh et al. 1970) the demn is a fuzzy seD with membership
function i (x), expressed as the area shown under the intenrsexdi®andC:

D =GNC={x(¥)|x0[d,,d,], 4, (x)D[0h<1]}

It is a multiple decision resulting in the seleatiof the crisp sefd,,d,] from the set of
alternativeAg:.

Hp (X) indicates the degree to which ary![d,,d,] belongs to the decisidd. The function
of the constraints and goals and its intersecsalustrated in Fig. 3.

209



Fig. 3. Intersection of Fuzzy Constraint and G&ajédziev and Bojadziev 1997)

The operation of the intersection of A and B dedasA( Bis defined by:

Hace (X) = min(u, (X), 4 (X)), x0U

Using the membership function and operation intgrse it gives:

Mo (X) = min(ug (X), 4o (X)), xXO A,

The operation intersection is commutative, thus goal and constraint can be formally
interchanged. Sometimes it is an advantage to denshe goal as a constraint and vice
versa. Because the decision maker chooses frorriggeset of alternatives it is necessary to
conduct defuzzyfication dD. It is natural to adopt for that purpose the vabfiex from the
selected sefid,, d] with the highest degree of membership in theDsdt is expressed by:

Xmax ={X | Maxsy, (x) = maxmin iy (X), 4 (X))}

Xmaxrepresents the final selected alternative fronctisp set of alternatives,y,

The process of decision making is shown in Fig. 4.

Goal G
Constraint C >
Alternatives Ay

Intersection
GNC

Fuzzy decisior
D

Fig. 4. Block Diagram of Fuzzy Decision Making (Bdgiev and Bojadziev 1997)

Bellman and Zadeh (1970) generalized the formutasgéneral use witim goals andm

constraints. The decision then is:

D=G,N--NG,NC,N--NC,,
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The membership function of D is:

Hp (X) = min(yGl(x),~--,,qu(x),,uCl(x),u-,,qu(x))
ANd XmaxiS:

X o = (X | 1 (¥) is Max)

5. Advantages of the Fuzzy L ogic Approach

The proposed fuzzy logic approach when appliede environment is able to sort the
properties in a way that the user should see trst mwtable property at the first position and
not as a “one of many” hidden somewhere betweegrstin this case the probability that the

client misses an ideal property is very low (it de@s on how accurately the user specifies
his conditions and preferences). Fig. presenssapproach.

: > @ @ A need for property

What the user wants

yAe 5 ZO%

A DTN

Hard searching
criteria

Suitable results
Properties in
a database

Sorted results % Fuzzy computation
by a score calculatec
using preferences
Automatic sorting

Fig. 5. Fuzzy Approach to Property Searching.

6. Conclusions

To find the right property is essential. The majoaf people can afford only one property at
any point their lifetime, which points out the siggance of having a good search tool for
that task. Moreover, no one wants to spend arifeton evaluating the properties manually,
regardless of the inconsistency, non-completenedsnan-objectivity of this process being
done manually. The contemporary approach to seaycthirough property database is not
enough. To find good results the client has to d@ehuge amount of time evaluating results
one by one, which is frustrating and time consumi@gntemporary search systems are
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capable of sorting the results only by one attebdthis requires further manual evaluation,
incorporating user’s preferences.

The search system with the use of fuzzy logic lenkpresented. It is capable of giving a list
of properties sorted by suitability based on thality of the client’s preferences. The client
sets attributes of a property and preferencesesfelattributes. The system calculates a score
for every property that suits the basic hard resfugnts and then sorts the properties by that
score. The score means suitability for the indigidclient based on his preferences. The
client will get the list of the best propertiesrfravailable options. The lower the position the
property is on the list the less suitable. Thisrapph is timesaving and it eliminates the
possibility that the client misses a good propentlyich is very possible in the contemporary
approach.
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Abstract:

Demand for affordable housing in Nigeria is soariug to massive shortage of new low cost
housing units on the market as a result of inadeghausing finance and the Government
tactical withdrawal from direct housing provisidiWorst hit by the housing needs is the low-
income groups who cannot afford out-right purchasdouses. This has brought about a
paradigm shift in the Nigerian Housing Policy fodasa public-private participation concept.
This concept provides for the private sector as eéhgine room and leading agent of
development with government providing enabling emwvinent. This policy shift formed the
basis of the current housing reforms of 2002 toaechk the development of the sector and
make housing available to the people. This papesgmts an overview of Nigeria housing
development programmes of the latest National HguBiolicy and positions the affordable
housing provision reforms within it. The effects the overall sustainable development of
Nigeria are discussed and some conclusions drawn.

Keywords:
Affordable Housing Provision, Housing Sector Refeyiublic-Private Developers

1. Introduction

Housing is one of the most important essential humeeds after food as given by the
Maslow’s hierarchy of needs (Maslow, 1970). The d®that an individual lives in is the
symbol of their status; a measure of their achiexr@mand social acceptance; the corner stone
of an enjoyable environment and healthy living. kiog can also be used as the barometer to
measure the wealth of a nation. Unfortunately, deb®using has over the years remained
elusive in Nigeria especially to the low-income pleowho constitute an estimated 90
percent of the nation’s total population of 140limil (FGN, 2002; Census report, 2006).

In spite of the activities of both public and ptieaectors in housing delivery (Agbola, et al.,
2000, Ajanlekoko, 2001) the problem of non-avaiigpand non-affordability has continued

to persist. This has been attributed to poor implatation of Nigeria’s public housing
efforts. However, as potential solution to thisdaguacy and consequent waste of resources
there have been various initiatives and severaéwes/to housing programmes and policies
since the birth of first democratic government iigétia untill the present, with a view of
finding opportunities for appropriate actionableratdgies towards facilitating more
affordable homes for low income people.
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2. Resear ch Focus and Approach

The aim of this research is to evaluate the affolelaousing delivery system in Nigeria and
to assess the extent to which this impacts onupelg and demand of affordable housing in
Nigeria. In order to achieve this, the study seekassess both public and private sectors
housing experiments in Nigeria to determine themixto which they have enhanced housing
affordability among various groups in Nigeria espltg the low-income people. The need to
examine and document the activities of housing idexg in Nigeria is crucial since it forms
the pivot of the new National Housing Policy in Bi@. In determining the extent to which
the Policy outcomes have been in tandem with tHieyPobjectives, this paper carried out an
in-depth document review on the past and presetibiNd Housing Policy as past of its
literature review and presents its findings. Theeasment revealed that there is a gap
between the Policy objectives and Policy outcormé® findings provide a basis for further
research which shall be accomplished by a quawngtadpproach with the use of
guestionnaire and hypotheses to validate the relse@am and objectives. The researcher is at
the moment on field survey to collect data.

3. Nigerian Housing Development

For about 25 years, global development policies prattices have been fundamentally
affected by a transformation in attitudes and apgines regarding the roles of the public and
the private sectors. The earlier focus of poli@ad practices were on the public sector. The
shift in focus moved gradually from this extremesh@ared responsibilities between the public
and private sectors. The rationale for the polibyftsaccording to Barylisa (2006) is a
response to perceived failures in the public sectoupled with a growing prominence and
refinement of theoretical arguments highlightingffitiencies in the public sector and the
superior performance of private ownership. Theefgrivatization became part of a global
ideological shift in emphasis towards a more effitiand market-driven economic policies.
This gave birth to the emergence of public-priviadéeticipation concept as a reform in the
Nigerian housing sector policies. This concept rsake private sector the engine room and
leading agent of development whiles the governmenty provides the enabling
environment. The various stages of reforms witretssehe Nigerian housing sector so far
are analysed below.

4. Nigeria Housing Sector Reforms

The housing sector in Nigeria has had three mational housing policies since the political
birth of the nation forty-seven years ago. Thesediscussed as follow:

4.1. First National Housing Policy

The first national housing policy was in 1982 dgrithe administration of President Shehu
Shagari who ruled Nigeria between 1979 and 1984h \tfie ravages of the Nigerian civil

war (1967-1970) still fresh in mind, the policy @d at solving the quantitative housing
problems occasioned by the heavy losses of housiitg in the eastern region of Nigeria.
According to the UN estimates of the time (1983hilev Nigeria needed to provide 1,000
units of housing for a 10,000 of its population,wias providing only 2 and 3 units. In

addition, available evidences in the literature @& 2000; Ajanlekoko, 2001; FGN, 2001;
Jakande, 2004; Akewusola, 2006; Ozigbo, 2006, R€&86) point to the fact that the policy
achieved very little. One of the reasons amongrstitentified for low performance was that
the political landscape was so inhospitable that gblicy stood little chance of success.
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According to Agbola (2007) it could be said thatgdlia had the money but not the
institutional framework, manpower and process-tet#imaking a housing policy effective.

The implications of this were overcrowding in thgiséing habitable accommodation,

overstretched of existing facilities and conseglyemhassive growth in the squatter

settlements, slums and shanties providing altareatifordable places of abode for the large
class of urban dwellers and immigrants, see TalaledlFigures 1 and 2 below:

Housing conditions in selected urban centres in Nigeria

120

100 -
&0 [] M

60 I

40 A ]
i
0 1" , )
Benin CipEnugu|lbadan| llorin | Iwo [Kadung LagosPshogbgSokoto| Warri
0% with pipebomewater | 24.3 | 506 | 443 | 426 | 204 | 421 | 706 | 26.2 | 254 | 63.2
Bo5 with WC 5.2 29.6 | 25.6 | 31.2 8.0 16.2 | 416 | 158 | 152 | 123

0% with electricity 63.4 | 931 | 57.2 | 656 | 26.2 | 66.2 | 96.2 | 685 | 523 | 90.2
0% occupingoneroom 532 | 649 | 51.3 | 482 | 182 | 68.2 | 764 | 424 | 412 | 68.4

Fig. 1. Housing Conditions in Nigeria

Tablel: Room occupancy ratio

Area Occupancy Ratio

Victoria Island 1.6
Ikoyi 2

Obalende 8.7
Lagos Island 5.4
Ebute- Metta 7.4
Yaba 7.2
Ajegunle 5.8
Surulere 6

Ikeja 2.7
Mushin 8

215



Room Occupancy Ratioin Lagos
Metropolitan

1
Ikeja :IIII

Ajegunle

Ebute-Metta |

Obalende ] ]

VictoriaIsland |—3

0 2 4 6 8 10

Fig. 2. Room occupancy Chart

Source: Table 1 and Figures1&2: Author 2007 adafoted Ezenagu, 2000 &Ajanlekoko, 2001
and modified by the author

However, the situation was able to point governmaiténtion to the growing housing
problem and the mounting quantitative shortagesdefidto this was a realization that
housing problems could not be solved only by a gmmeinfusion of money without an
effective institutional framework and mechanism detivery. Therefore, as a panacea to this
problem, experts called for a reform of the polayd put housing requirement at about 8
million housing units between1991 to 2002. Thishestrated a second housing policy.

4.2 Second National Housing Policy

The second national housing policy was introducetl991. Since the advent of Nigeria as a
modern state, this was the most detailed and mekatdd housing policy. The policy
addressed many of the vexed problems of the hossiomr that the former policy could not
resolve. Amongst others, the policy addressed tbkelgm of availability and accessibility of
land, it discussed the problem of building materislich as sourcing, cost and availability.
Furthermore, it dwelt extensively on the institu@b apparatus and strategic modalities for
policy implementation.

Indeed, it was this policy that closely mirrorece timternational opinion (UN, 1983) that
governments should not engage in direct housingymtion but should, instead provide the
enabling environment for the execution and acta#ibn of policy objectives and directives.
The policy is also noticeable for its decided fqatsention and sweeping reforms in the area
of housing finance. This has been one of thecalitareas to Nigerian housing sector.
Accordingly, the policy rejuvenated the Federal Mage Bank of Nigeria (FMBN) into a
wholesale bank and established the Primary Mortgaggtutions/Banks (PMIs) for the
much needed but hitherto absent finance mortgagenediation.

As a result of this reform, in the process of aliturg the housing finance sub-sector of the
policy, many institutions were created, and consatly many more jobs opportunities as
well. Furthermore, the prospect and possibilityusing housing as a poverty alleviation
strategy as observed by Agbola (2007) was uncouaslgionade manifest. However, despite
the good intentions of the 1991 national housinicpas evident in its contents and by the
various institutional apparatus established to aie them, the experts (Onibokun, 1988

216



&1990 Agbola 1998, FGN 2001, FMH&UD 2004) have veslvthe performance of the
Nigerian housing sector as abjectly poor when mreasby number of Nigerians who newly
owned houses or who have access to decent accomamdaccording to Agbola (1998)
there is a widening and frightening gap betweeriraispns, expectations and the capacity of
realization and a yawning chasm between the madmitef demand and the capacity of
supply. Onibokun(1990) and Agbola(1998) thereforgggested the need for greater
participation of the profit-motivated private seciho order to ensure sustainable development
of the Nigerian housing sector. For this reason taedevolving environment resulting from
the new macroeconomic and political reforms compdundamental modification of the
National Housing Policy for a more virile housingligery system.

4.3 Third National Housing Policy

The 3rd National Housing Policy was evolved in y2802 in response to the lapses of the
1991 housing policy. The main thrust of the pplis the use of the private sector as the
fulcrum of the new policy and this represents aamahift in government view on how to
promote mass housing for the citizens. The esdefe@idures of the new policy was aptly
summarised by Mabogunje (2004):

“The main thrust of the new policy is to seek vagely to make and increasing majority of
Nigerians home-owners on the basis of mortgagentiea This policy entails involving a
large number of private sector real estates dewvaisand State Housing Corporations in the
development of estates with houses for sale atdafide prices to low and middle income
groups in the country; promoting the growth of sha@d medium-size industrial enterprises
to provide local construction materials of all typ& keep the cost of producing houses
within reasonable limits: mobilizing primary mortg@ institutions to assist any Nigerian
desirous of purchasing a house on how to accessyage finance, restructuring the Federal
Mortgage Bank of Nigeria to be able to provide aenphd abundant funds besides the
National Housing Trust Fund to meet the secondanrtgage transactions for home
ownership, reviewing and amending all legislationecessary- to facilitate the robust
development of home-ownership in the country attthgeup a Federal Ministry of Housing
and Urban Development to regulate, promote, moratat supervise all of these changes.”

To ensure the success of 2002 National Housingcyolegislative reform on land was
proposed. This aimed at making land accessiblagertdns and easing the whole land titling
and registration process for quick transactionsnortgages. Furthermore, the foreclosure
procedure was to be made easier and faster, de¥@dessant adjournment that stalls many
mortgages foreclosures. This housing policy just lihe 1991 NHP put the private sector
developers as the fulcrum of housing delivery igé\ia. In order to foster great participation
of private sector in housing government facilitathé development of large number of
private sector real estate developers and buildiatgrials manufacturers. Although, this was
also included in the 1991 policy but it would se#tvat the nation and real estate sector of the
economy was not mature enough to undertake suchssignment without governmental
motivation.

The above led to the government formation of thal Eestate Development Association of
Nigeria (REDAN) to champion the goal of private kg production on which the success
of the policy critically depended. For the polioydlso succeed there was need to address the
problem of building materials, its sourcing, c@stailability and affordability. To this extent,
the government again blazed the trail in the foromabf the Building Materials Producer
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Association of Nigeria (BUMPAN). The goal is to ewmcage the pooling together of
resources by the building materials producers deoto gain the advantages of economies of
scale, produce in large quantities to solve avdilgbproblem which consequently will
reduce cost to solve affordability problem. Witlesk structures in place, then the prospect of
building more housing units at affordable costs teaychieved.

The other vital elements of the reform involves twposal for the reform of legal,
institutional, and regulatory provisions that cuithg inhibits mass housing delivery, housing
market efficiency, finance, and private sector ipgration. This brought about a new Federal
Ministry of Housing and Urban Development. The mspbility of this establishment is to
regulate, promote, monitor, coordinate and supertis private sector-led housing delivery.

On the financial sector, creation of financial memism and institutions that will make funds
available to the private sector developers for nfamssing production and ensure efficient
functioning of mortgage system were put in plackese include laws for restructuring,
strengthening and recapitalization of the vitatitn§ons such as Federal Housing Authority
(FHA), Federal Mortgage Bank of Nigeria (FMBN), Feedl Mortgage Finance Limited
(FMFL) and Urban Development Bank (UDB). In additiothe review of many laws
particularly to make them more effective and erdatide, such as Mortgage Institution Act,
National Housing Fund Act, Trustee Investment Abtsurance Trust Fund Act, and Land
Use Act of 1978, particularly the foreclosure pswn and access to land for estate
development by developers were to be undertaken.

5. Effects of Housing Reforms on National Development

In assessing the 2002 NHP in relation to housifgrmes, the researcher is aware that
policies do take time to mature and various impletaigon strategies sometimes take longer
time to take effect. However, tentative resultsghd reforms implementation efforts on the
overall sustainable development of Nigeria are:-

1. The slow pace of legal reforms to give teeth to ynaihthe major changes proposed
in the 2002 Housing and Urban Development Policgliserved. Prominent among
these are the proposed amendment of Land Use AGO®8 to ease land titling
process, make foreclose easier and faster and raaiee available for estate
developers. Surprisingly, many of the laws are kfihg in the National Assembly as
Executive bills, after the end of the initiatingvgonment.

2. The area of infrastructural provision in the estaevelopment is another issue that
most desired. The provision of primary infrastruetis essentially the responsibility
of the government federal, state and local, whdeosdary infrastructure should be
provided by the estate developers. However, faibiirgovernments to provide these
primary infrastructural facilities has forced addagden on estates developers, with
consequent limitation on the number of serviceddmg plots and high cost at which
their housing units come to the market. This saeesen account for the small
number of housing units being delivered by thetestdevelopers. The public sector
must be alive to its responsibility of primary ia$tructure provision, particularly if
the anticipated volume of activities in the houssagtor is to be realized. However,
alternative strategy for the provision of such astructure open to governments, as
practiced in other parts of the world, include peHplrivate partnership and floatation
of bonds as a means of public accessing capitdtehfunds.
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3. The stringent conditions for private sector develspo access the Estate Loan from
National Housing Fund, the limited funds availabtel reliance on depository system
of funds mobilization also post a serious challetigéhe housing sector reforms. In
addition, this problem is compounded by failuresoine government agencies such as
Nigerian National Petroleum Corporation (NNPC), Nigerian Police, Central Bank
of Nigeria (CBN) to contribute to the fund, whichmits its financial base, and
invariably the funds at its disposal.

4. Furthermore, despite the reforms, the financialtllep the Nigerian economy is still
shallow and this has impacted not too favourablyhendevelopment of the mortgage
market. The failures to develop secondary mortgageket and link mortgage and
capital markets have limited the diversity and msiey of mortgage penetration
among Nigerians. This has seriously hampered th@isiable development impact of
housing sector reforms on the overall economy.

Despite of the 2002 NHP shortcoming, the reforiass leen able to achieve the following:

1. Accelerated growth in the number and activitieshaf real estate and the increasing
volume of their activities remain a ray of hope.

2. The efforts of the Federal Mortgage Bank of NigeNdgerian Securities Exchange
Commission (SEC) and Nigeria Stock Exchange (NSE)ewveloping the nation
secondary mortgage market through the floating oftyage Bond are encouraging.

3. The enthusiasm with which the Nigerian industrialiand manufacturers of local
building materials take the opportunities embeddeithe reforms may be the needed
signal in reassuring the high success possibifith® whole housing sector.

6. Conclusion

The gateway to realizing a given objective liesthe right attitude. The literature review
shows there is a widening and frightening gap betwaspirations, expectations and the
capacity of realization and a yawning chasm betw#enmagnitude of demand and the
capacity of supply (Agbola 1998, 2000; AjanlekokKiD2,FGN 2002, Ojerinola 2004) There
is therefore a need for total commitment and diswpon the part of government and private
developers in realising the objectives of NHP 2@@2ch is to ensure that all Nigerians own
or have access to decent, safe and sanitary hoastmgmnmodation at affordable costs by
2000 AD. To achieve this aim following the reviewf dterature, the following
recommendations are deemed necessary. Firsthgniemdments to the Land Use Act 1978
should be ratified and approved as a matter ofripyido make land available to estate
developers. Furthermore, government could readig ¢and to those companies ready to
provide housing for the low-income people. Theraasd also for clear policies on the roles
of government and the private sector in the areantvstructural provision regarding
affordable housing scheme. Without government stpgred intervention in infrastructural
development, the cost of housing units will conéina be high which would perpetually deny
low-income earners from benefiting from housing esok. Both the government and the
developers need to be more involving in the provisif basic infrastructure as part of social
responsibility to the citizenry. All Primary Mortga Institutions need to be recapitalized to
create as many mortgages as possible. It will &lsip the PMIs to prevent liquidity
mismatch arising generally from using short ternmdsl to finance long investment in
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housing. Interest rate on loans for providing amtling monies to low income housing could
be 2 to 3 points lower as incentives. Lastly, orgash public and private developers should
be supported with seed fund to embark on estatelag@went for sales to low—income

earners who could access on loans/mortgage to gsecuch housing units.
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Abstract:

The scale of the Housing crises is massive worldwlia Britain, Government projections
show that between 2004 and 2026 the annual rdteusfehold growth in England will be
223,000, up on previous estimates of 209,000. kaat around 160,000 homes were
built, a 60,000 annual shortfall in the number ofrfes needed. In the USA, the Federal
Government currently provides assistance to appratdly 4.6 million households, but
roughly 9.7 million low-income households receive housing assistance. The situation
is worst in the developing and poorest countries.

The aim of this research paper is to identify th@sons behind the ineffectiveness in the
performance of housing industries and how it caimpgoved. The reasons are related to
economical, political, social and environmentakdas. It is also related to strategy/policy
setting and important factors in construction. Ehesasons have forced people to live in
slums under extreme conditions as an alternativetiso to housing. The research
methodology will consist of two parts; literatureview and a selection of case studies
from different housing industries. The literatueview will shed light on important
factors such as finance, land, labour, building emals, projects, centralised and
decentralised planning, etc. which directly influoes the performance of the housing
industry. Literature will also investigate the merhances of the housing industry in
developing countries such as India, China, Brazd &outh Africa. These developing
countries have very high demand, limited resouraed massive annual growth of
populations. This process will unveil the factshanw these countries are coping with the
current housing crises.

Finally, a thorough analysis based on a comparisiween literature review and case
studies will assist stating the findings and reca@andations.

Keywords:
Affordable Housing, Strategy/Policy/ Resources Mingg and Important Factors in
Construction.

1. Introduction

This research paper addresses affordable housinglepns, which governments
worldwide are struggling to cope with. In fact, afflable Housing is one of the biggest
challenges facing governments worldwide. It is oh¢he main issues politicians raise
during their campaign to win elections. The pogrdsieloping and advanced countries
such as South Africa, Malaysia, Indonesia, BritditgA, Germany, etc. are suffering
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from housing crises. UN reports show that there mi#ions of homeless people
worldwide; in Africa, Asia, South America, etc.

The scale of the Housing crises is massive worldwlial Britain, Government projections
show that between 2004 and 2026 the annual rdteusfehold growth in England will be
223,000, up on previous estimates of 209,000. 0v20ound 160,000 homes were built,
a 60,000 annual shortfall in the number of homesdad (UK Homes Crises, 2007). In
the USA, the Federal Government currently providssistance to approximately 4.6
million households, but roughly 9.7 million low-imme households receive no housing
assistance (Freeman L., 2002). The situation isstvor the developing and poorest
countries namely Brazil, India, China and etc., (Habitat 2003 and UN-IRIN 2008,
China Gate 2006, BBC 2006).

The aim of this research paper is to discover éasans behind the failure in the housing
industry’s performance and how it can be improvEéde research methodology will
consist of two parts. A literature review spotliglan important factors such as finance,
land, labour, building materials, projects, cemsed and decentralised planning, etc.
which directly affects and influences the perforocamf a housing industry. Then, an
examination will be carried out on the performaon€dousing industries in developing
countries such as India, China, Brazil, and Soutitd These developing countries have
very high demand, limited resources and massiveiangrowth of populations. This
process will unveil the facts on how these coustdee coping with the current housing
crises. Finally, thorough analysis based on a coisgra between the literature review
and case studies will assist formulating the figdiand recommendations.

2. Affordable Housing’s Definition

There are several definitions of Affordable Housialy of which seem similar and serve
the same purpose in a different way. DCLG (200@)ues that Affordable Housing
includes social rented and intermediate housinayiged to specified eligible households
whose needs are not met by the market. Affordablesing should: meet the needs of
eligible households including availability at a tdsw enough for them to afford,
determined with regard to local incomes and loaalde prices; and include provisions
for:

(i) the home to be retained for future eligible seloldspr

(ii) if these restrictions are lifted, for any susto be recycled for alternative affordable
housing provision.

Moreover, WCEL (2008) state that Affordable housmbousing that is safe, appropriate
and accessible and where rent or mortgage pluss take 30 percent or less of the
household’s gross annual income, where as Nortt@m@ity Council (2008) defines

Affordable Housing that covers both low cost markatd subsidised housing
(irrespective of tenure, ownership — whether exetu®r shared — or financial). Thus,
Affordable Houses are offered by a government,llgcaernment, or a governmental
department for key workers such as nurses, tegatmracil employees etc., who can not
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afford to buy or rent from the housing market dejseg on their monthly income. In
many cases, government usually subsidise towar@dhstruction cost in an attempt to
bring down the building cost of these houses toertakem affordable to buy and to meet
the average income of key workers. In other cagegernments and local governments
build their own houses to rent by low income pedplieg in the borough. In this case
these houses are called social houses or socatest

The difference between affordable and social hoiseisat affordable houses are built
and subsidised by governments and local governifioerikey workers such as nurses,
teachers, council workers and etc., TO BUY, whesesacial houses are built by
governments and local governments for low inconapfeeliving on welfare benefit such
as unemployed, single parents, disabled, retiraxplpeand etc., TO RENT. In other
words, Affordable Houses are houses built or sudesid by governments or local
governments for key workers to buy and live in.

3. Affordable Housing as Global Phenomenon

Affordable Housing problems are increasing rapidind almost 32 per cent of the
world’s urban population, live in slums, the majprof them in the developing world
(UN-Habitat 2003 and UN-IRIN 2008). Thus, in thevelping world, poverty has
forced people to live in poor condition in slumglamanty towns on fringes of cities. It is
a great challenge to government worldwide. Theofwithg sections will highlight the
scale of the problem, the reasons that forced pdogive in slums and shanty towns and
their living conditions.

3.1. The Scale of the Problem

Figures show that Britain needs to build 60% maredes a year for the next 14 years if
the country is to avoid a housing crisis (The Gigard2008). Moreover, it appears that
there is not a single country worldwide has escapedhousing crisis and the scale is
massive and keeps growing every year (UN: Hal®#2@Q4).

Percentage of slum dwellers in the world
(Where is the problem most acute?)

Sub-Saharan Africa T71.9

South-Central Asia 58

Eastern Asia
Western Asia
Latin America
MNorth Africa

South-eastern Asia
Oeceanie
Europe

Other Developed

36.4

| 33.3

|a1.9

|23.2

|28

:|6.2

:|5.?

Percentage of sfum owellers

Fig. 1. the percentages of slums in regions WodéwlUN-Habitat, 2005a).
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According to Figure 1; it seems that the Housingi€ris concentrated in the poorest
regions. This is because of the lack of resouglesining and finance. By the year 2030,
an additional 3 billion people making up about 4bcent of the global population will
need housing. Slums worldwide have been creatad a#ernative solution to the lack of
affordable housing and ethnic segregation on thgds of cities (UN-Habitat 2005a).

3.2. Slums as a Solution

It is important first to define slums and then disg all aspect and reasons related to this
global issue. It has been estimated that one titde world’s urban population today do
not have access to adequate housing. (UN-Habi@g)20

3.2.1. Slums’ Definition

There are several definitions of slums. Slums as&eet, alley, court, etc., situated in a
crowded district of a town or city and inhabited fople of a low class or by the very
poor; a number of these streets or courts formitigickly populated neighbourhood or
district where the houses and the conditions & Afe of a squalid and wretched
character (Oxford Dictionary). Slums are areas whére poorest are living in
overcrowded areas on the outskirt of cities. Moegp®a slum is a contiguous settlement
where the inhabitants are characterized as hawadequate housing and basic services.
A slum is often not recognised and addressed byuléc authorities as an integral part
of the city (Turkstra and Raithelhuber, 2008). they words, slums are featuring lack of
public services such as health, education, fresterwaewage, etc. In a recent report
conducted by the UN-Habitat (2006) shows that sligsise is a significant challenge and
serious and immediate action is needed to be taften,number of slum dwellers
worldwide is projected to rise over the next 30rgea about 2 billion.

3.2.2. Characteristics of Slums

According to UN-Habitat (2003), there are sevetaracteristics which are associated
with slums:

* Lack of basic services

* Substandard housing or illegal and inadequate ingilstructures

» Overcrowding and high density

» Unhealthy living conditions and hazardous locations

* Insecure tenure; irregular or informal settlements

* Poverty and social exclusion

e Minimum settlement size

3.2.3. Reasons for the Current Crises

People worldwide are driven to live in urban slusettlements and continue to grow for
a variety of reason@Jn-Habitat, 2003):

1. Economic,

2. Social,

3. Political and
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4. Environmental.
The above reasons could be illustrated in the\ioiig:

Income Lack of In-
inequality economic growth migraticn
Y
Povarty Lack of
affordable housing
y
Slurn
farmation

Fig. 1. Reasons for the creation of Slums (UN-HepbR003)
4. Housing Strategies, Policies and Resources

In his statement, the previous UN Secretary Gendétafi Anan argued that slums
represent the worst of urban poverty and inequalitgt the world has the resources,
know-how and power to reach the target establishethe UN Millennium Project
(2005a) More over the previous UN Secretary Genadded that for most things in life,
however, knowledge is power, and where there mch bf knowledge, there is often a
fear of the unknowrfUN-Habitat, 2003)Slums must be seen as the result of failure of
housing policies, laws and delivery systems, ad a®lof national and urban policies
(UN-Habitat, 2003). e following is an attempt to highlight the impaorta of strategy
setting and its affect on housing.

4.1. Strategy and Strategy Map

Hendricksonet al (2003) argue that strategy is creating fit balaag®ng a company's
activities. The success of a strategy depends mgdoany things well - not just a few -
and integrating among them. If there is no fit bak among activities, there is no
distinctive strategy and little sustainability. éther words, planning a strategy is the
process of finding the best combination, amongrsthe factors, processes and activities
that makes it more successful and serves it puspose

Hendricksoret al (2003: 37) add that: in this view, successful §rmust improve and
align the many processes underway to their stratggion. Strategic positioning in this
fashion requires:

* Creating a unique and valuable position.
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» Making trade-offs compared to competitors
» Creating a "fit" among a company's activities.

Thus, according to (Hendricksaa al, 2003) and Kofi Anan Statement; UN-Habitat,
2003); strategy planning as based on finding th& bembination between Resources,
Power and Knowledge (the Know-How). Resources ntéaman, Natural and Human-
Made Resources (see section 4.3) including Finaheed, Infrastructure (Labour,
Building Materials, and Equipments), Power meangidlations and Regulations, and

Knowledge means the Know-How. These factors co@dllbstrated in the following
diagrams:

Finance

Housing
Industry

Infrastructure
(Labour, Building
Materials, Equipments)

Fig. 3. Housing Industry Three Factors (UN-Hab%@D3)

Land

The above diagram excludes Knowledge (THE KNOW-HOWMNd could be re-
illustrated in more comprehensive form as follows:

Knowledge
B (Legislations,
Finance Leadership,
Management, Public
Sector, ICT)
Housing
Industry
Infrastructure
Land (Labour, Building

Materials,
Equipments)

Fig. 4. Housing Industry Four Factors (UN-Habita032)

Strategy Map

Scholars and researchers argue that there is eerp@ining strategy stages or aspects.
This concept is well explained by Robettal, (2004) and refers to the strategy map is
based on five principles: strategy balance conttad forces; strategy is based on the
differentiated customer value proposition; valuecreated through internal business
processes; strategy consists of simultaneous, @emngpitary themes, strategic alignment
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determines the value on intangible assets. In otleeds, a strategy is governed by five
principles discussed in the above and explainetthenfollowing figure (Figure 5). It is
important to mention that the above descriptiorstoftegy is a corporate one (Micro-
Level), however, it may be altered and adoptedntandustry, ministry or country level
(Macro-Level). The only difference would be the wole, capacity and significance of
variables that the Macro-Level will deal with.

Productivity Strategy Gromh Slrategy

Improve Cost Increase Asset Expand Revenue’
Structure Utilization Oppurlumues

Customer Value Perlel'HOn

. unl: jonalif ‘artnersl ran
Perspective i 'ty p

" " Long -Term
Financial Sharehofder Value

Perspective

Enhance
Customer Value

an‘ucr / Service Attributes Refalmnshfp Image
Operations Managemenr Customer Management Jnnovaﬂan Regulatary and Social
Processes Processes Processes Processes
Internal * Supply + Selection + Opportunity ID = Environment
. + Production + Acquisition * R&D Portfolio « Safety and Health
Perspectlve = Distribution + Retention = Design/Develop = Employment
« Risk Management + Growth « Launch « Community

| Human Capital ‘

Learning and I I — T ‘
Growth I Information Capital }

) I — — | — I
Perspective Organization Capltal

Fig. 5 Shows Strategy Map (Robeir'al 2004 p: 12)

Thus, there are four tangible principles and on@-tamgible principle which are
important to consider when setting up a strategyn.plThe four tangible principles are
strategy balance contradictory forces; strategpased on the differentiated customer
value proposition; value is created through intelnssiness processes; strategy consists
of simultaneous, complementary themes. These &ngilble principles is countable such
as Finance, Land, Infrastructure (Labour, Materiglguipments), and Knowledge (the
Know-How, Legislations, Leadership, Management, lltuBector, ICT). The non-
tangible is strategic alignment determines the evaln intangible assets. This principle
concerns with uncountable factors such as orgamisdtculture, employees behaviour
and attitudes, organisational internal relatioms| etc.

4.2. Policy

Policies are written statements of ideas, goalspdauus of action, proposed or adopted by
some agencies (Khalid H., 2008). Policy is congdex set of principles which guide a
regular course of action and lists the followingngmnents (Menou, 1991):

* An image of the desired state of affairs, as a goalet of goals, which are to be
achieved or pursued;
» Specific means by which the realisation of the gaato be brought about;
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» The assessment of responsibilities for implemerttiegmeans;
* A et of rules or guidelines regulating the implatagion of the means.

Thus, policy is a set of principles, parameters dadisions that guide implementing
plans toward goals and targets. So, what is tlerdrice between strategy and policy?
According to the above discussion; a Strategy iforeg term plan and it is the
combinations of factors that make it unique andsif#da, where as, policy is making
decisions on how to implement and execute thesaesplor example; setting plans to
provide homes for homeless people in a country iwithe next twenty years is a
strategy. However, making decisions on how to latgs finance, land allocation, supply
chains, partnership, contracts, the role of SMES$ etn. is policy. A good mix between
strategy and policy may provide rapid, effectivel @ound solutions to solve housing
problems.

4.3. Resources

There are concepts within the term resources. drfadhowing; the concept of resources
will be explained in order to establish the relatioand importance among strategy,
policy and resources. Resources could be definetafasal, human, and human made
resourcesAndersen2007):

1. Natural Resources
2. Human Resources
3. Human-Made Resources
» Equipment, machinery, buildings etc.
* Technology
» Legal bodies and political, cultural and sociatitnsions

4.4. Strategy, Policy and Resources Relations

In this section the discussion will focus on es#didhg the relations between strategy,
policy and resources. Strategy can be best unaetstot is viewed as an element of a
troika that includes policy, strategy, and resosir(tbe PSR Troika), (Warnock, 2000).
The above described relations could be explaingdariigure below:
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Strategy @

@ Resources

Fig. 6. Strategy, Policy and Resources Relationar(idck, Purdue University Press,
2000)

It is clear that Strategy, Policy and Resourcestsagnificant relations. In fact, the three
terms are inseparable. If one is mentioned themitld indicate to the others. According

to Figure 6; it is safe to say that strategy ig ldn umbrella incubating both policy and
resources. The execution of processes towardegyratgoals could not be set unless
both resources and policy decisions are made. therawvords, resources shape and
determine the length of time of achieving a strgtegoals where as policy is setting

legislations and making decisions on the best Wayilising resources toward achieving

strategy’s goals.

Policy defines a company's reason for existencesaetslthe parameters within which it
intends to achieve its purpose. . . Strategy issigth or plan that defines how policy is to
be achieved. . . Without resources, strategy chreae nothing (Warnock, 2000).
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®
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Fig. 7. Strategy, Policy and Resources Relationar(dck, Purdue University Press,
2000)

According to Figure 7; it is crucial and decisiv&t one of the main characteristics for
setting a successful and sound strategy is théahuéy and accuracy of all information
on resources. This is a part of the data collegtimtess which eventually make strategy
goals more feasible and realistic. It is also inguatr that data accuracy on resources will
help in making correct decisions toward policy nmakiin terms of implementing,
evaluating, monitoring controlling, changing ett.dther words, the success of a strategy
and policy depend on the accuracy of data and rmdiion collected on resources.
Moreover, Warnock (2000) claims that there areehueteria that take precedence over
simplicity in business decision-making: the solatimust be implementable, it must not
produce unacceptable adverse consequences, andtiallow for flexibility.

Resources Policy Goals
Inputs and Objectives

Strategic
Option A~ Linear Solutlon Path
'\ J"
Possible
Strategic |- Oulcomes
Option B %-_H_

- — - Alternative Paths

Fig. 8. Strategy, Policy and Resources Relationar(dck, Purdue University Press,
2000)
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Thus, according to Figure 8; in a strategy settihgre should be some room to
manoeuvre .i.e. a strategy should be flexible tangle. In other words, when setting a
strategy, there must be more than one option toviolo achieving the strategy’s goals.
If a path did not work as planned and anticipatiedn there should be another path (plan
B or even C) that might be more progressive to rages and targets. Because planning
is based on estimations of resources, then it ssible to reach the planned targets in
one go and without any changes and alterationmiasitons also are made on similar
previous planning processes and strategies. There$trategies require setting multi
option/path plan, have resilience and flexibilignd ready to accept any change at any
stage during implementation. Figure 9; howevesn more detailed format and variables
might be necessary to discuss at the Macro Level.

UN-Chronicle On-Line (2004) proposes and drawsghsl different picture but similar
in principles. The model is calleal Model City Strategic Framework. It could also be
implemented at the Macro level as follows:

A Model City Strategic Framework

Comparative
Competitive Advantage Basic Services for all

Sustainable Livelihood
Workforce Skills

Productive Inclusive
 — City City Social Coherence

Efficient City Services
Safety and Security

City
Inter-Government Alignment Stra tegy FInanciaIR e reos

Leaderships and
Partnerships

Well-Governed Sustainable Environment
City City

Effective Administration Human Resources

Transparency and Probity HIV | AIDS

Fig. 9. Model City Strategic Framework (Talwar, W\ronicle On-Line, 2004)

5. Important Factors in Construction

In this section; the discussion will shed light mnportant factors which participate
significantly in developing and improving the preses of a housing industry. These
factors are such as centralised and decentralitsmthipg, partnerships and SMEs,
selection of construction method and offsite mactuiiang, etc.

5.1. Centralised/Decentralised Planning

UN-Habitat (2006b), a report published on Iraqgi Biog Industry; claims that one of the
major reasons; among others that led to the cutragt housing crisis is that the Iraqi
Ministry of Housing and Construction used a systahtentralised housing planning,
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implementing and land distribution. The report (bidbitat, 2006b) continues to blame
the centralised system by stating that this dygfanal, centralized system of housing
and land delivery has resulted in a number of unhwetsing needs. Most countries
worldwide: Asia, Africa, South America, etc. ardfeting from centralised regimes and
centralised planning, strategies and policies. dmes countries, however, the shift in
systems from centralised to decentralised systeame made a noticeable improvement
in the performance of housing industries.

5.2. Partnership; SMEs in Construction

Small and Medium Enterprises (SMEs) make substactatributions to national
economies (Jutlet al., 2002; Poon and Swatman, 1999) and are estimataccbunt for
80% of global economic growth (Jutéh al., 2002). Thus, SMEs is the nerve of all
economies and industries and as an indicator tekeess or failure of performance.

Burke et al (2004) argue that the definition ofastgy in SMEs is often perceived as
person centred rather than process driven. Thempeahce (in many cases the survival)
of small firms can be synonymous with the succelsshe leadership style of the

entrepreneur. Thus, SMEs strategies are usuallgysatperson who is most of the time
the leader or the owner of the business. Stratetations are explained in the figure
below:

STRATEGY
DEFINITION

PLANNED

ACTIVITIES
Fig. 10. Elements of strategy (Buréeal, 2004)

It is important to acknowledge the vital role of EMnot only in construction but in all
industries. There are factors that need to be adddeto revive the role of SMEs in
construction (Burket al, 2004):

1. Legislation and Regulation

2. Finance and Banking

233



3. Education and Training

4. Governmental advice, support, guidance
5. Standardisation

6. Collaboration and Integration

According to the above, there are some importaatofa that can be affective and
influence the performance of SMEs and thereforeetitee constructions industry. These
factors are such as legislations and regulatianan€ial services and banking, training
availability, governmental force task and contmpliality management systems/bodies,
and collaboration and cooperation among localpnatiand international SMEs.

5.3. Construction Method Selection

Egan Report (1998) emphasises that one of theisdutor the affordable housing crises
is the selection of a construction method. Tweraktive methods are as follows:

a. Traditional Method of Construction
BRE (June 2004) argues that clients prefer brickkldocks because:

* They allow for greater tolerances

» Masonry constructed floors and walls go above abbd building regulations
in terms of thermal mass, durability, adaptabiihd inherent resistance to fire

» Materials are not affected by being exposed tetements

» Currently on average up to 10 per cent cheapeoftrste

b. Offsite Manufacturing

Blismas N.et al (2006) state that there are several advantagelsecahtained by using
off-site manufacturing as follows:

Minimises on-site operations

Reduces congested work areas and multi-traeldaces

Minimises on-site duration

Improved health & safety by reduction anddyetontrol of site activities
Produces high quality or very predictableliguéinishes

Minimises number of site personnel

Benefits when only limited, or very expensoresite labour

Enables existing business continuity

. Can cope with restricted site storage area

10. Enables inspection and control off-site vgork

11. Provides certainty of project cost outcomes

12. Provides certainty of project completionedat

13. Less environmental impact by reduction agttielb control of site activities

©CoNoOORA~WNE
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6. Case Study: Dharavi, India

This section discusses the relations between gyrated policy implementation and how
they are carried out in slum areas to improve gjvaonditions and to maximise their
contribution to their local economy. The case stgdiected is the slums in Dharavi,
Mumbai, India because it has the biggest populadiodh its massive contribution to the
Indian economy.

Dharavi has a population of up to a million (Peky2006). The figures are rough
because the area was officially an illegal settietnoatil 2004 and the authorities have
yet to quantify it. The annual turnover of busingsBharavi is estimated to be more than
$650m (£350m) a year. (Perry A. 2006).

The strategy was set by the Local Government ofdvihtra to redeveloping Dharavi.
The macro-development plan has many amenities asietider roads, electricity, ample
water supply, playgrounds, schools, colleges, na¢dientres, socio-cultural centres etc.
For proper implementation, Dharavi has been dividéaol 10 sectors and sectors will be
developed by different developers. The total doratf this project is excepted to be of 5
to 7 years. Rehabilitation building will be of degys. (INRNews, 2008).

The policies were planned to meet the targets wettfategies. The Local Government
first put in charge the Slum Rehabilitation AutlipriSRA) to be responsible for setting
policies and making and implementing all decisioBRA was also responsible for
(INRNews 2008):

1. Legislation and Regulations

Obtaining legislation and regulations were necegsaad required for legalising
Dharavi’'s properties in 2004 and the redevelopirac@ss. Moreover, SRA was
responsible for verifying the occupier/owner of eperty to be eligible for

government assistant by accessing the nationalbasega system, contacting
government departments and registering unregisterehts. (INRNews 2008).

2. Development Procedure
After considering the redevelopment plan, a dedgilane table survey has been
carried out to know the ground realities. Also, gamt of the slum dwellers to join
this project is being obtained. After obtaining gestions & objectives from the
public for the revised development plan, the safnalized by Govt. For each
sector a detailed sectoral plan will be preparethbyselected developer in
consultation with SRA. This will be placed befolne public for
suggestion/objectives and then finalized after @mendments. (INRNews 2008).

3. Appointment of the Developer
Global tenders are invited from developers for fhigect. The developer are
evaluated technically and financially by a Comneitteeaded by the Chief
Secretary of Government of Maharashtra. Each dpeelis required to explain
his development strategy in his sector and obthjaabives & suggestions from
the residents before starting the development ggo¢eNRNews 2008).
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4. Development of local Industrial units
Taking into consideration the various industriaitsum Dharavi, it is being
proposed that, non-polluting industrial / businessél be retained in Dharavi
itself. All the established businesses and manuffsxg units will be encouraged
and will be provided with modern technical and exuital strategies for
sustainable development. (INRNews 2008).

Thus, the relations between strategy and policysengle and clear; the strategy was the
re-development of Dharavi by widening the roadsldmg schools and medical centres,

provide fresh water, etc. over a period of 5-7 geRolicy implementation is carried out

through appointments of governing body (SRA), arakimy decision on detailed plans,

selecting developers, etc. In other words; a gyate setting a macro-plan in accordance
with all the resources available, whereas a paidyow to break down macro-plans into

micro-plans and all decision making processeseaelai their implementations.

7. Conclusion

There are facts could be extracted from this rebe@aper. These facts reflect the
reasons that led to the current housing crisesd@edd people to resorting to slums and
living on pavements worldwide. These reasons cbaltisted as follows:

Poverty

Lack of power: legislations and regulations

Non existence of governing and monitoring bodiasktforce)

Lack of resources, information and data (finandialnan, building

materials, land) essential for planning strategies.

Lack of knowledge (The Know-How); leadership, masragnt, public

sector, ICT, and etc.

6. Centralised/Decentralised planning; direct inteti@mby central
government which generates bureaucracy, inaccutiaoy,consuming,
etc.

7. Corruption and dictatorships

8. Absence of effective private sector and partnersiop existence of
SMESs in supply chain systems.

9. Lack of education and training.

10.No involvement, or perhaps; absence of financistitutions; banks,
financial bodies and governmental support.

11.Housing industries are totally depending on tradai method of
construction.

12. Little use off-site manufacturing; which increasgslity, and reduces

time and cost (in long term).

PwnhE

o

Governments worldwide have accepted the existeficdums and shanty towns as a
reality. They have decided to deal with the curgtuation in slums and shanty towns by
improving the quality of life and legalising and ading property titles for slums,

providing public services and include slums in sti@tegies and development of cities
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because slums contribute massively to local ecoe®iny several hundred of millions of
Dollars.

Affordable Housing desperately needs the partimpabf sufficient Partnerships and
Private Sector (SMEs), wide use of Offsite Manufdaog and the exchange of
Knowledge (The Know-How) to advance forward. Moreg\Egan Report (1998) put the
emphases on developing relations among Partnergipsite Sector, SMEs and Supply
Chains and Off-site Manufacturing. For an indudinybe successful and cope with
massive demand; the industry must maintain a gaadnbe between Governments
Resources, Private Sector, SMEs, Off-site Manufarguand Knowledge (The Know-

How).
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Abstract:

Libya has suffered from a shortage of housing sithee early 1980s. These shortages
caused many negative effects in society, and becarctgonic problem. To redress this
situation, Libya has made a number of attempt®keesthe problem of housing shortages,
but the success rate was low.

A study was conducted to investigate the reasorishwtaused the shortage, in order to
understand the reasons behind the failure of ateangolutions. This exploratory study
reached a number of recommendations, which wouldribwite to solving the problem of
the housing shortage in Libya.

Finally; this paper presents a number of recommmaka that could bring a solution for
shortages of housing in Libya.

Keywords:
Housing, shortages, policy, practice, Libya

1. Introduction

A housing problem is one of the most important peois of concern to all countries,
including developed and developing countries. Ef@nsome political parties, housing
shortages occupy the top of their manifesto attieles times, as a good method to gain
popular votes. It also takes the priority agendamuist governments, and Libya is no
exception to these countries. After a big boomrha 1970s, in the whole Libyan economy,
the housing crises appeared in the early 1980galattempted to overcome the housing
shortage by relying on its own governmental effbus success was not achieved. Through
exhaustive study as a part of a PhD field studyitled “How to attract foreign direct
investment to invest in housing in Libya” there eex number of reasons identified that
led to the housing shortage; also there were skevauaes that hindered attempts at solving
this problem. This paper draws from chapters fimel gix in a PhD study mentioned
earlier, and used multiple data sources, such fasabfdocuments, legislation survey and
semi-structured interviews.

An exploratory methodology has been adopted inghidy, due to the rarity of studies in

this field in Libya. This paper is divided into twesues, the first issue deals with the
housing shortage; causes of the housing shortdéigen@s to solve the shortage problem
and its failure, and suggestion for recommendatior@/ercome the housing shortage. The
second issue deals with how to attract FDI to ibwe$ousing in Libya. Multi sources of

data are used, whereas, official documents sucle@slations, governmental decrees,
speeches of high level officers, the second kindlaif is observations, as well as semi-

240



structured interviews with various levels of offiseA triangulation analysis method has
been used to analyse these various data at thetsaméo achieve the aim of this study.
Through in depth investigation, the following issueave been clarified.

2. Reasonsof the Shortage

Libya has faced many difficult circumstances sittoe 1980s that caused many economic
and social problems. The housing crisis is ond@imost important problems. There are a
number of reasons behind this housing shortagee sinthem are internal and others are
external.

2.1. Internal Reasons:

An in-depth investigation has been conducted, & b@en found that the internal cause’s
fall under a variety of headings: such as:

2.1.1. Overambitious targets have been adopted:

As a result of abundant oil revenues, Libya stattedlievelop its economy rapidly. An

enormous amount of money had been allocated fagldpment plans; in particular, in the
housing sector, but in some years the actual exppeadwas significantly less than

allocated amounts as a result of these overambitiatgets bigger than Libyan ability.

Libya generally failed to reach targets, for examphe shortfall was 17.1% in 1991 and
18% in 1994. This is illustrated in the report dietGeneral People’'s Secretariat of
Planning, Economic, and Commerce in 1997.

2.1.2. Administrative System Instability:

Libya had adopted a socialism regime since 197 T¢iwtesulted in a lot of changes in the
Libyan government administration. Both the highele(decisions makers) and low level

(decisions implementers) had been changed sewered toften at the same time. Mergers
of some of the General Peoples’ Committees (Miestroccurred at times, even their

abolition at other times. This administrative irslidy has been considered as one of the
most significant causes, which led to the declinedevelopment levels in the Libyan

economy (Al-Megharbi, 1993)

Generally, it can be said, that many of the chamgegiministrative organisations and the
administrative instability were a real cause fosustessful development plans in whole
sectors of the Libyan economy, including housing.

2.1.3. Population Increases:

As a result of the oil heyday which affected theolehLibyan economy, the Libyan

population has seen high growth levels. It reacAe&% in 1972 (Lahmeyer, 2003).

Shamia and Kaebah (1996) mentioned the numbemafiés rose from 387,043 families

in 1973 to 727,523 families in 1995. In additiol8% of interviewees affirmed that the

increasing population was one of the reasons cgusia housing shortage. However,
numerous people postponed their marriage plans asguiring a house, also leading to a
further increase in housing demand.
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2.1.4. Local Contractors’ Experience Inadequacy:

Since the 1990s the Libyan policy in housing haanli® encourage contracting with local
contractors. In executing and sometimes investintpé Libyan housing sector, it became
apparent that most of the local contractors suffexeperience weaknesses in executing
large scale housing projects. 68% of interviewem¥ioned this as a problem supported
by the General Board for Housing (2003). As a tesiuthe deterioration of the contracting
apparatus, and in spite of attempts to re-orgamagry times, it became even harder to
satisfy the stringent demand in this sector. Absewiclocal qualified labour and skilled
labour in the construction sector led to near tdggpendence on foreign companies and
labour (General Council of Planning, 2002).

2.1.5. Establishment Legislation That Prevents Lewg

The socialism regime has been adopted in Libya,thatlled the government to establish
laws rejecting ownership for leasing purposes. "Tloeise is a basic need of both the
individual and the family. Therefore, it should ne¢ owned by others.” (Al Qathafi,
1975:53). As a consequence legislation that previeatsing has been established. One of
most important laws is Act no: 4, 1978, which preeel leases. As a result, these laws
prevented activities for profit and stopped rem@iising and prevented the private sector
building houses for lease purposes.

The General People’s Committee for Planning, Ecaopamnd Trade study (1997) pointed
to a lack of private sector participation in theubimg sector. Moreover, 88% of the
interview sample confirms that the legislation tipaévented leasing was an important
reason for the housing shortage

2.1.6. Decrease in Financial Resources:

One of the methods which policy-makers in Libyaidedd would solve the housing
problem was dependent on individual savings froeghople to implement the personal
capabilities policy, 51% of the total Libyan workée are government employees as cited
in the Porter report (2006), while Dr. Ghanem thexr8tary of the General People’s
Committee (SGPC) (Prime Minister), (2004) illusésin his speech that the percentage of
government employees is more than 70% of the fommakforce. 400,000 of 800,000
government employees are in public education. WA®r8% - 10% is considered as an
acceptable percentage of the workforce employddarpublic sector - as confirmed in the
Porter Report. However, the majority of public eaydes’ monthly incomes are low,
where 95.7% of them earn less than 500 LD, and 8% than 300 LD per month
(General Board of Information, 2002:51). 500 LD eguivalent to £200 (XE Trade
Currency, January 2008). These low levels of incaree insufficient for even essential
goods. When matched by equally poor income levethe private sector, there is little left
for saving and investment.

The next form of financing was by loans and morggafyjom commercial banks to put into
effect lending as an implication of the governmeetsonal capabilities policy. But it
suffered procedural complications (Porter RepoB)& ranked Libya 98th out of 100
countries that has difficulties in banking procesi)rand restrictive laws, hence it became
inefficient.
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The Governor of the Central Bank of Libya’ in aéetdated 30.11.1994 to the Secretary of
the General People’s Committee requested an ertetsithe period for 60,000 units from
three years to five years due to financial difficed. This letter is evidence of the lack of
financial resources in the housing sector. Furtlbeen58% of the interviewees said
Government financial difficulties were one of theuses of the shortages in the housing
sector.

2.1.7. Vacillating Public Targets:

The crucial feature at the beginning of the ped®d0 - 1995 was the government’s total
service provision to all people. These servicetuohed housing. Therefore, huge amounts
of the development budget had been allocated tohthesing sector. As a result of
economic and political events in the first halftbé 1980s this led to a severe decrease in
devoted amounts for the housing sector, which apresatly resulted in changing targets
and priorities.

The Evaluation of Housing Policies in the Jamahirstudy by the General People’s
Committee for Planning, Economic, and Trade (19@dyocated stopping development
plans for housing from 1985, and then allocatintafice annually to complete previous
targets. In addition, 57% of the sample interviesveaid the vacillation of targets in the
different periods caused the neglect of housing psority.

2.1.8 Lack of Adequacy in Urban Planning:

A study on housing policies prepared by the Genéaaincil for Planning Act No: (23) for
2002, identified the cause of the housing shortagehe lack of contemporary urban
planning. The current plans ended in 2000 (Gereaaincil for Planning, 2002), yet, the
efforts to prepare new urban plans still suffemfra lot of complications. Hence, land
prices have increased rapidly and sharply. Furtbezm78% of the interviewees affirmed
(and in particular 100% of Managers of Urban Plagnin the Shabiat) that a lack of urban
plans has contributed significantly to the shortaggblem in housing.

2.1.9. Changes in the Residential Behaviour of tRepulation:

In the period before oil was discovered at the ehthe 1950s, most Libyans dwelt in
troglodyte dwellings, cottages or tents. In theiguerl960 - 1970 mass migration to the
cities occurred with people looking for better jaihise to the oil boom. This period was
characterised by the appearance of inhabitant gagsein shanty towns on the cities
outskirts. Most dwellings were typically occupied twvo or more families as cited by the
census of 1964. Most families resided in rentedliivgs.

However, since 1970, housing behaviour for inhaitstehas changed. Families stopped
sharing houses as a result of the initial houseajas boom. Libyans were also affected by
new cultures and trends, and as a result of tliesumption behaviour was affected.
Housing expectations had been permanently chanigisded inexorably to the increase in
demand on housing. This increase through time lbroaigout a shortage in housing which
was not accompanied by a sufficient increase iplsup
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2.2. External Reasons:

These reasons could be divided into: economic Eanatffects; foreign companies
boycott; and decrease in oil revenues.

2.2.1. Economic Sanction Effects:

Libya has faced sanctions because of politicaleissthe USA hurried to impose sanctions
on Libya in 1982, and continues; these sanctiond_ fiaya in severe circumstances, and
this led to economic shrinkage in all economic @ecand a development recession. This
harmful economic situation affected the housing@ecimilar to the rest of economy.
76% of interviewees saw the sanctions as having@at effect on the housing sector and
it was one of reasons cited for shortages in hgusitboth direct and indirect ways.

2.2.2. Foreign Companies Boycott:

Many foreign companies boycotted Libya, in obedeste the UN decision No: 748 for

1992 and decision No: 883 for 1993 which put Lilwaler sanctions. The departure of
these companies led to stops and delays in manggsan which the housing sector has
been affected. A lack of hard currency and payndefdys also led to the withdrawal of

many other multinational companies; as a resultpietion dates were delayed extensively
(Benkrima, 2001; El-hasia, 2005). For instancepediag to the decision of the Secretary
of General People's Committee of Housing and tigtdi No: 191 for 2000, seventeen
companies withdrew from housing projects by mugieement, most of them Turkish

companies (General Board for Housing, 2003: 43-46).

2.2.3. Decrease in Oil Revenues:

The decrease of oil revenues started appearing tifee USA administration imposed
sanctions on Libya in 1982, where US companiesp&tdpdealing with the Libyan oil

sector in particular. As an effect of this, the tco$ production in the oil sector had
increased and net oil revenues declined (Alavi,320®oreover, the UN decisions in the
early 1990s made the situation worse; additionaillyprice fluctuations (mostly decreases)
participated in creating instability in the economapd made the establishment of
development plans more difficult. Based upon thgtwlbances that dominated the oll
sector, this was transmitted to all economic sadtwluding the housing sector.

3. Statelnitiativesto Cover the Shortagein Housing:

It can be said that the governments’ role in thesiity sector in Libya, continued playing

a significant role as a bailsman, from the begigrofthe study period in 1970 until 1995

despite the bottlenecks in 1980s. In this periadgbvernment built houses and allocated
them to people. The government assumed total doafrthe planning process and the

provision of land for construction. However, it cah continue to play the same role

because of its limited financial resources andeased workloads.

70% of the interviewees identified that the goveenmhad played a significant role in
solving the housing shortage problem, while 30%ntérviewees regarded the results of
government intervention as not solving the probl&mrthermore, the Central Bank of
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Libya clarified in its Economic bulletin (2004, $ir quarter: 24) that the housing loans
increased gradually in the period 1990 — 2000, ed&ehousing loans from the Saving and
Real Estate Investment Bank increased from 26.4omil.D, to 37.7 million L.D, in
2000, and then increased rapidly from 75.5 milliloB in 2001 to 511.6 million L.D in
2003. But the maximum amount of individual loansswat enough for total construction
cost. The maximum loan amount was 15,000 L.D, witiéeactual cost for a typical house
was more than 40,000 L.D. The General People’s Gtieendecisions No 393 in 1999
and No 30 in 2000 increased the maximum persoraad to 30,000 LD, but this is still
insufficient.

In addition, the government intended to establiBl0B0 housing unit projects in a three
year plan 1996 — 1998. This period was then extknddive years 1996 — 2000. (The
General Housing Board Report (2002)). 63% of ineaees pointed to the project as
evidence of government activity.

Nevertheless, this project has been faltering, @0 units had been completed by 2004.
This report identified financial difficulties wene of the crucial reasons.

Furthermore, new legislation and decisions haven bestablished to encourage local
companies to participate, and have made procedaser for new companies. 46 local
public companies and contribution companies hawn kassigned the task to implement
the project of 60,000 housing units. (General Hog8oard Report, 2002). Due to the low
efficiency of these companies and their lack ofezignce there was a minimal level of
implementation.

4. TheReasons That Hindered Solving the Housing Problem:
The most important reasons behind the failure ofsingy shortage programmes are:

4.1. Legislatory Reasons:

Through a comprehensive survey of Libyan laws, eomag the housing sector, one can
notice that Libya adopted socialism as an eco-palitegime and started establishing a
number of laws that prevented private sector aetwi Law No (4) 1987, was one of the
effective legislations, which prevented ownershiprmre than one house for the family.
This law still applied, until law No (11) 1992 wastablished to give the right for some
categories of people to own more than one houseedder, it gave some institutions and
companies' the right to build houses for rent asstment projects. In addition, there was
a lack of conveyancing law applicable to societyadepments in ownership and lease
issues. Moreover, there was an absence of lawsgthetanteed banks security on their
loans by legal distraining.

The several tenors of these laws were to prevenptlvate sector from contributing to

solve the problem of housing shortages. New leggsigestablished later, gave the right to
own dwellings for leasing, such as law No (11) 198% No (14) 1995, and law No (21)

1998, which now encourage the private sector tettoat dwellings for sale and lease.

4.2. Administrative Reasons:

The absence of efficient administration led to astwaof time and resources without
achieving targets. The following points could be thost important in this regard:
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Through a survey of the General People's Congiteass evident that the administration
instability was one of the failure reasons. 63%h#& interviewees’ answers confirm that
the administration problems led to unsuccessfulitgmis. The rapid changing of the
responsible officers led to ignorance of the prasiprocedures, and the starting of new
ones. Therefore, lots of money and time were wastiedeover, 52% of respondents think
that choosing responsible officers in the counditectly by elections were not efficient.
The short period in office was another reason.Heunhore, 83% of the sample affirmed
the absence of action to respond to a problemeab#ginning and failure to analyse it
systematically. This led the problem to grow taiais level.

4.3. Political Reasons:

The socialist regime that was adopted in Libya asldical system led to a decline in the
private sector and reduced individual initiativesl gpersonal aspirations. Consequently,
the changing administrative system in the goverrtaienstitutions as a result of political
decisions caused confusion in decision implemesmat¥8% of interviewees confirmed
this. 66% of them saw the political decision tpueiate financial obligations had affected
the dedicated amounts for development plans. 59ttefviewees responded that a delay
to solve the external political problems that Lilwas implicated in, led to further housing
difficulties.

4.4. Economic Reasons:

Economic reasons occupied the first rank in théaities' failed attempts to solve the
shortage in housing; these reasons could be fotatl&es follows:

More than 87% of interviewees confirmed that, tepehdence on unqualified local efforts
to solve the housing problem was the crucial redspifailure. The authorities gave great
opportunities to local companies to implement 60,@Mits, unfortunately, these local
companies abused this chance to benefit from éifiegs in the exchange market, where
variations between the official market price, ahé black market price was large. In
addition, 72% of interviewees stated that one & #gnificant reasons was financial
policies that depended on personal savings. This implemented without knowing the
publics ability to offer sufficient financial resmes for individual housing projects.

A weakness of efficiency of commercial banks wasmaportant reason in the failure of
the solutions. This was confirmed by 72% of thesiiviewees. This weakness led to an
inability to manage instalments. The total of migsinstalments reached 428.6 million LD
in the period 1971 - 2001. That led to a decreagte lending ability. Moreover, 61% of
interviewees indicated that the absence of studiesdvance for the cost of house
construction led to wrong estimates for inapprdpriban amounts. The loan amount
(15,000 LD) was less than half the typical buildocwst of a house. 57% of interviewees
also reported that the urban planning departmegtsn the implementation of new plans
for new projects was one of the reasons for failuflis insufficiency led to a
mushrooming of housing units, randomly located reaa which lacked the infrastructure
and healthy conditions for effective community depenent.

5. Decalogueto Solve the Housing Problem

To reform the housing sector and solve the housiaytage in Libya, through field study
from interviewees’ answers, studies, official réppand legislation related to housing in
Libya, recommendations have been deduced as fallows
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Legislation should be reformed to be suitable tmvalthe private sector to
contribute to solve the housing shortage. Establisinew laws to encourage
people and organisations to build houses for Igasind give them facilities such
as tax-free status for investors in the housindosedlaking banking procedures
easier through banking system reform also helg®ie the housing shortage.

. The field study confirms that the urban plans hlbgen stopped for more than two
decades, and this lead to increased land pricesadsearcity of suitable land for

building. This rarity of land makes total constioatcosts high. Therefore, Libyan

authorities should improve urban planning departsand provide crowded cities
with land at appropriate prices. New plans for ardavelopment must consider the
current needs for land to solve the shortage okimguand preparation of land for
future demands.

. Financing was a crucial issue in this research. Wihe government was faced

with financing problems to solve the housing shgetait prevented the private
sector to contribute, and the inefficiency of staéks made the problem worse. So
Libyan authorities should promote new resourcedirtance the housing sector,
enact encouragement legislation and offer an ap@tepinvestment environment
to attract local and foreign investors to finanoes$ing projects.

. The Government should be playing its role to protew-income families, and
build housing units for these people. The Goverrinoam seek to achieve social
targets which the private sector does not caretabou

. Overestimating the local capacity of public andvaté organisations in the
implementation of housing projects must be avoideédpecially since Libyan

authorities relied on local companies that suffefredn a lack of experience and
finance sources, and this was one of the reasarssngathe housing shortage. Thus
the Libyan authorities should seek assistance fioeople who have more

experience and capability to finance huge projects.

. The Government is recommended to establish spsethlbrganisations concerned
to research and study housing issues, and benefih facademic staff and
specialists input to investigate housing mattersesE organisations could foresee
future strangulations and find solutions.

Non-over-reliance on local building materials iscammended, and importing
sufficient materials to alleviate shortages andckao eliminate the black market,
and the provision of these materials at reasonaintes.

. The Libyan Government should benefit from otherietoes knowledge and
experiences in construction to reduce building sastd introduce affordable
houses.

. Commercial banks should be given more freedom antgoans and create private
housing finance projects in partnership with invest

10. Administrative stability remains one of the crucrehsons that affect the whole

Libyan economy, and housing is not exempt. Theegfadministrative stability
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should be provided to solve most economic problamd the housing shortage
being one of them.
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Abstract:

This paper provides the contextual background f@ tonsideration of an appropriate
facilities management research agenda in a devgamuntry context at an urban scale. To
this end the paper provides an overview of the exdntvithin which local government

operates in South Africa. The correlation betwdenprivate sector and the public sector in
terms of the principles and practices of facilitiemnagement is shown. In specifically
defining the agenda the paper is exploratory iumgaand concludes that the application of
facilities management practices and principles dbaal government level is not only

appropriate but essential in assisting the capazityocal government to deliver on its

constitutional objectives.

Keywords:
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1. Introduction

The purpose of this paper is to define an agenddailities management at the local

government level and, more specifically, in deveigpcountries. In achieving this objective

an overview of the context within which local gowerent operates in South Africa is

provided. Following this the paper relates thisalomontext to the principles and practices of
facilities management at the urban scale and thosag lays the foundation for the definition

of facilities management in a developing countrgteat.

2. The South African L ocal Government Context

South African cities still reflect the legacy okthpartheidgovernment policies, which were

grounded in inequality and racism. This resultedciiies being characterised by spatial
separation of residential areas according to poipulgroup defined by race; urban sprawl; a
lack of services, and the concentration of the pmothe urban edge (Robinson, 2008). The
current urban environment is undergoing rapid ghowhd change, whilst government is
struggling to address the social imbalances optst. Parnell (2004) states that the political
transition in 1994 paved the way for a commitmentat developmental state that would
reduce inequality and poverty. More than 13 yedtsr &South Africa’s first democratic
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elections, housing, infrastructure development s@vice delivery remain some of biggest
challenges facing the South African government.hwhie aim of fulfilling the constitutional
rights of all South Africans, South African legittan has been evolving over the last 13
years to provide greater accountability for the ospublic resources, and there are growing
demands for improved efficiency and value for morgycal government has a critical role
to play in rebuilding local communities and enviments, as the basis for a democratic,
integrated, prosperous and truly non-racial soqe®§LG, 1998).

In examining the South African context, the staytpoint must be with The Constitution of

South Africa which sets out the framework for loggvernment. More specifically, in

Section 152 (page 44), The Constitution statestiigabbjects of local governmérare:

(a) to provide democratic and accountable governroehocal communities;

(b) to ensure the provision of services to commesiin a sustainable manner;

(c) to promote social and economic development;

(d) to promote a safe and healthy environment; and

(e) to encourage the involvement of communities anothmunity organisations in the
matters of local government (RSA, 1996:44).

Section 153 (page 44) of The Constitution furthixtes that in terms ofdevelopmental

duties, a municipality must:

(&) structure and manage its administration, ardfeting and planning processes to give
priority to the basic needs of the community, amgtomote the social and economic
development of the community; and

(b) participate in national and provincial develarhprogrammes.

2.1. The Constitutional Implications for Local Governmén

Cameron (2001) argues that this new national fraonkevembodied in The Constitution has
had a profound effect on local government. Cam¢2®®1; 1995) further argues that these
clauses indicate a fundamental shift away from stesy of provincial control of local
government which has characterised South Africatergovernmental system since 1910.
The key aspect of these developmental duties eatlin Section 153 of The Constitution that
must be noted is the specific requirement that rthenicipality muststructure manage
budgetandplan in such a way so as to promote social and econolevelopment of the
community. A traditional definition of ‘community’is adopted for this paper that
encompasses all individuals, groups and busingbs¢geside and work within a spatially
bounded locality i.e. the municipality (Delanty, ). This mandate requires the
municipality to restructure itself in such a way ae to be in a position to fulfill its
obligations. Hence, shortly after the enactmentThé Constitution in 1996, two White
Papers were gazetted that entrench the constiitvision for local government. These were
the White Paper on Local Government (DPLG, 1998) dre Batho Pele - 'People First'
White Paper on Transforming Public Service Deli@iPSA, 1997).

Within the framework of The Constitution, the WhRaper on Local Government (DPLG,
1998) establishes the basis for a new developmédotal government system, which is
committed to working with citizens, groups and coamities to create sustainable human
settlements which provide for a decent quality itd bnd meet the social, economic and
material needs of communities in a holistic wayisTWhite Paper requires local government
to focus on,inter alia, the promotion of local economic development amanmunity
empowerment.
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The purpose of the Batho Pele White Paper is twigeoa policy framework and a practical
implementation strategy for the transformation ablic service delivery to all areas of the
public sector including local government. It ainesdhange the value system through the
development of a ‘belief set’ of ‘we belong, weaawne serve’ (DPSA, 1997).

A number of additional pieces of legislation folleav The Constitution, namely: The Local
Government: Municipal Structures Act No.117 of 1998e Local Government: Municipal
Systems Act No.32 of 2000, The Local Governmentniipal Finance Management Act
No.56 of 2003, The White Paper on the ManagemeRtrovincial Property in 2004 and the
Government Immovable Asset Management Act No0.192007. At the heart of the
legislation lies the need for local governmentutilf it constitutional mandate. As a result
the legislation aims to provide core principles,cheisms and processes to facilitate the
need for local government to move towards the $a@ economic upliftment of local
communities.

In light of the slew of legislation it is interestj to note that Cameron (2001) argues for the
importance to evaluate the implementation of the feeal government system. It is further

argued by Cameron (2001) that one of the charatitriof many developing countries is the

gap between the constitutional and legislative irequents of local government and the

reality of the local government’s ability to deliven these requirements. This argument is
supported by Parnell (2004) who argues that thegeneed to first focus on the incomplete
transformation or restructuring of local governmemensure that municipalities are able to
reach their social, environmental and economicgaltiibns.

2.2.Correlating the Private Sector ‘bottom line’ and ¢éh'duty’ of Local Government

Pieterse et al. (2008) argue that post the 2008l lgavernment elections, thebjects and
‘duty of local government, as it is set out in The Gdoson (RSA, 1996:44), remained
entrenched despite evidence that many municipslitiere not able to function in any way
that resembled the legislation. Furthermore, Psetet al. (2008) argue that the problem is
one of institutional capacity failure. This appédramability of local government to link its
business processes and the management of its cesawith the need to deliver on its core
objectives is no different to that of a private teeccompany. Gordon (1993) argues that,
within the context of local governments, the prignfocus is not the ‘bottom line’ and their
motives are not profit based. Furthermore, that leamis is placed on the provision of
services to the public with finite resources. Iweleping this analogy further, for the private
company a core objective may be return on investroeshare value whereas for the local
government in the South African context itirgter alia, ‘to promote the social and economic
development of the community’ (RSA, 1996). Cleatle local government objectives are
set, the outcome/output of its performance is nmrede, but this performance is dependant
on the quality of facilities, utilities and infragtture within their jurisdiction. Nutt and
McLennan (2000), in a discussion of the ‘four saib the future’, highlight an interesting
aspect of the physical resource trail that poiotthe role that facilities and infrastructure can
play in the provision of a sustainable and suppergnvironment for business and social
organisations. At the urban scale any changeset@tbvision of facilities and infrastructure
would be of the type that the local authority wodkhl with e.g. power supply, water supply,
road infrastructure etc. If one returns to The @itutsonal duty of local government, this
analogy is even clearer. To reiterate, The Congiitustates that local government must
structure manage budgetandplan in such a way so as to achieve its objectivess Thity’

is in fact no different to that of any company aigto achieve a defined return.
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2.3.Correlating the Private sector and the Public Secta terms of the Principles and
Practices of Facilities Management

Following this argument, the next question is winainagement principles are at the disposal
of local government to assist it to strategicalligraitself to be able to deliver on its core
objectives? While business management principlesasailable, the facilities management
context better reflects the problem outlined hemd #acilities management principles are
clearly applicable. Traditionally the theory andgtice of facilities management has focused
on the strategic alignment of the organisation ismdutput via the provision of facilities and
utilities (McGregor & Then, 1999; Nutt & McLennaB000; Alexander, 2003; Barrett &
Baldry, 2003; Atkin & Brooks, 2005). In terms ofetbry and practice of facilities
management being applied at the local governmenel khis focus is entirely relevant. The
‘strategic alignment’ of local government and iexjuired output is clearly documented in
The Constitution and other relevant legislationSiouth Africa. At an operational level the
local government is entirely responsible for theotpsion of utilities’ i.e., water supply,
sanitation, electricity, road infrastructure antestrelated services. It is at the strategic level
that one would expect to find local governmentisitig facilities management practices and
principles in an attempt to leverage local econoaeieelopment and social upliftment.

Grimshaw (2004:29) in seeking to show the relatigmbetween facilities management and
critical theory concludes that in the context c# thiorkplace, facilities managemeéictin be

an active agent of change that integrates its te@ineconomic and social skills to promote
social change for the benefit of all. It can cobtrie to the onwards development of social
policy in one of its important and problematic aasit This conclusion is especially valid
when viewed at the urban scale and in terms oafipdication of facilities management at the
local government level. Clark and Rees (2000) reviee findings from research into growth
and effectiveness of facilities management in thalth-care sector and local government
public sectors in the United Kingdom and conclukat tfacilities management warrants a
‘high status’ in the strategic composition of logvernment authorities. Roberts (2004)
calls for public service organisations (read ‘logalvernment’) to reinvest in community
facilities and systems at the urban scale. Alexaadd Brown (2006) define the concept of
community-based facilities management and caltherdevelopment of a socially inclusive
approach to facilities management. Moreover, Alelegirand Brown (2006) call for a new
alignment between facilities management and theagament of public infrastructure.
Brackertz and Kenley (2000, 2002a, 2002b, 2002d) Brackertz (2006) in an investigation
of local government authorities in Melbourne, Aalf, argue that local government
authorities have difficulty in managing their projyeand facilities strategically. They further
argue that the problem is exacerbated by the ‘dachous structure’ inherent in local
government authority management.

Since the knowledge base of the application of lifes management within local
government does exist, it must be assumed thaathee to deliver on the part of the local
government is hypothetically as a result of orgatinal structure, and consequent problems
with delivery and implementation.

3. Defining a Facilities M anagement Research Agenda

The foregoing argument has established that feslimanagement principles, at both the
operational and the strategic level, can be appligtie urban scale. The next question is how
do these principles translate into a facilities agement agenda for local government?
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The outputs that are required of local governmer aumerous as defined in The
Constitution. In terms of part (a) of Section 168dl government is to ‘give priority to the
basic needs of the community, and to promote tlseasand economic development of the
community’. Each of these outputs will be addresedd/idually below.

Firstly, the output of giving priority to the basimeeds of the community can be seen in
ensuring the provision of basic services to allnt¢te in terms of operational facilities
management this would entail the ‘provision of itiek’ i.e., water supply, sanitation,
electricity, road infrastructure and other relasedvices.

Secondly, in the promoting the social developmehttlee community the facilities
management agenda is more complex. In order tonelein appropriate facilities
management agenda, an understanding of what istrogasocial development’ is required.
The term “sustainable social development” may lmved as the long-term transformation
and continuous improvement of livelihoods of peoplea given social context (Maaga,
2001). van Wyk (2001) argues that sustainable bagaelopment is concerned with the
improvement of the living conditions of poor peopiea sustainable manner. In this context
van Wyk (2001) describes sustainable social devedop in terms of the local government
facilitating the empowerment of communities to addr their basic needs in a sustainable
manner. Furthermore, that the role of local govemnimis in promotion of cost-effective
social development projects in order to uplift go®r in their society. At an operational level
the definition of the facilities management ageimdeerms of sustainable social development
would clearly entail the adequate provision andntesance of water supply, energy supply
and basic infrastructure. At a strategic level, flaeilities management agenda gains
resonance in the emerging literature on ‘commubéged facilities management’. Alexander
and Brown (2006: 264) define community-based faedimanagement dthe processes by
which all the stakeholders in a community work thge to plan, deliver and maintain an
enabling environment, within which the local ecogaran prosper, quality services can be
delivered and natural resources protected, in ortheat citizens can enjoy a quality of life”
Furthermore, Alexander and Brown (2006) argue ttie implications for facilities
management entail a reorientation from the orgaioizaworkplace, business service and
advocacy of the user to the community, neighboudhammmunity resources and the
advocacy of the citizens in that community.

Lastly, in defining an agenda around the promotiblocal economic development, it is clear
that in terms of the private sector there is alitees management agenda that is set around
the business objectives of ‘getting the producthie customer’. The resources needed in
order to achieve these objectives would, in essbaae good supply of essential services that
keep the built facility functioning i.e., access téinancial services, goods,
telecommunications, energy, water and skilled wark&he facilities management literature
abounds with knowledge on how best to structurenagea, budget and plan in order to
achieve the strategic objectives of the companyth&tlevel of the local government the
agenda is most likely to be found in the identtii@a of ways in which local government can
impact on local economic development. At an operdti level this would involve the
adequate provision and maintenance of water supplrgy supply, transport infrastructure,
trading places, residential places and securithieaurban area. At the strategic level it would
entail the relaxation of municipal by-laws. For eyae, this may encompass the relaxation of
zoning by-laws in previously disadvantaged areaalltw residents to engage in retail trade
from their home. It may also include the reservatad local government work, waiver of
onerous contractual conditions etc for SMME’s (Smdkedium and Micro- Enterprises).
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4. Conclusions

In light of the contextual environment to be fouimdSouth Africa, it is proposed that the
application of facilities management practices andciples at a local government level is
not only appropriate but essential in assistingddeacity of local government to deliver on
its constitutional mandate. In addition, this paepositioned as a stimulus to the debate
surrounding the definition of an agenda for fa@kt management at the local government
level and, more specifically, in developing coueti
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Abstract:

At the present time, property market value is nfiesjuently assessed using the performance and
the comparison method of evaluation. This papeorm$ the specialized public about an
innovative method that assesses property marketevasing index maps of the properties
historical market prices. This method may be usmdeivaluation of properties for which a
market price assessment has been elaborated patteand/or the proprietary rights of which
have been transferred.

Keywords:
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1. Thehistorical market value method

In the recent years, the Czech property marketgoa® through a significant development.
More frequently than ever properties are becomieglgect of business activities, are used as a
mortgage, are used in the realization of investrpeojects, etc. Thus, in case of a great many
properties, a set of documents has been built ap rtiaps their life cycle. It includes for
example design documentation, building and legatudeentation, insurance contracts,
contracts of lease and also purchase agreementisetvalue assessments, expert statements,
etc.

An assessor assembles all available informatiothenevaluated property and the respective
locality prior to the market value assessment @ecé case a market value assessment was
elaborated in the past and/or there is an oldechase agreement concerning the evaluated
property, the assessor gets important informationtlme historical market value of the
evaluated property. However, the current evaluati@thods do not enable an appropriate use
of such information. Nevertheless, the historicarket value gives the assessor objective
information on the property value at a particulatedin the past. Provided we are aware of the
extent of the historical and current market pritteration concerning a given category of
properties with a given location, we can derivecitsrent market value using this historical
property market value. The property market valuehen calculated through the following
formula

Pa=Ph*IC*Ib*Id (1)
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Where:
Pa ... Current market value of the property.

Pn ... Historical property market value found out hetproperty evaluation documentation
(an older market evaluation of the property, areofairchase agreement, etc.).

lc... Index of change in property market value of theticular property category and
location in the time interval delimited by the daté the historical market value
assessment and the date of the property evaluation.

Ip ... Index of property physical appreciation. Usedthe case of property renovation,
reconstruction, annex or penthouse constructighartime period delimited by the date
of the historical market value assessment and #ibe of the property evaluatioh, &
1).

lq... Index of property depreciation in the time pdrdelimited by the date of the historical
market value assessment and the date of the pyapeatuation Iy < 1).

The index of property physical appreciatidpis set by means of an authorized valuation. The
index value depends on the range of the executedtrtmtion work. Provided that in the
determined time interval the evaluated propertyvation, reconstruction, annex or penthouse
construction was not executed, the index valuetiscs1.

With regard to a short time interval thedex of property depreciation is calculated by means
of a linear method using the following formula

I,=1 r
d= " T 12x1 (2)
Where
n... Number of months between the date of the hsibmarket value assessment and the

date of the property evaluation.

L ... Expected total life of the evaluated propertyy@ars).

The key variable of the historical market value Imoet is represented by thdex of change in
property market valué.. For determination of its value EVAL software Hasen developed
that calculates individual monthly indices of chang property market value according to the
given category and location. Thadex of change in property market valyésithen calculated
using the following formula

n-1

I, = n Iiid*f'ij;z

i=M+1 (3)
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I'v... Monthly Index of change in property market vafoe theith examined month, thieth
category of property and thil property location.

I" ... Monthly Index of change in property market valmethe month of evaluation. The
index value is calculated by EVAL software using thend in property market value
development for a given category and location.

M ... Month for which the information on the evaluatasitdrical property market value was
assessed. (e.g. Provided an older purchase agreemgrtoncluded on September 15,
2007 then M = September 2007, M+1 = October 2007.)

n... Number of months between the date of the hisibmarket value assessment and the
date of the property evaluation.

EVAL software is used to calculate the monthly o&di of change in property market value. It
systematically assembles, analyzes and assessesi\tbdised property price quotations. To
date, the software has assembled over 530,000 guotations concerning sale or rental of
apartments, family houses and plots of land. Alexs are continuously stored in a database
and are the subject of a thorough analysis of #ta"d credibility. Thus every price quotation is
assessed in light of the objectivity and accuracpresented information and it is compared
with older quotations. Moreover, repeatedly adgediproperties are searched for, the integrity
of presented information is assessed, etc. Thusoappately 250 possible errors, purposely
misrepresented information and manipulation malgas are verified concerning each
quotation. In case of the slightest discrepancyr @xample designed manipulation of
information on the part of the real estate agentppsely incomplete information on the
presented property, duplicity, etc.) the given ased quotation is discarded from the database.
The monthly indices of change in property markdt@are thus calculated in EVAL software
using the afore-mentioned database of pre-assesséithle price quotations.

2. Usingthehistorical market value method for evaluation of lands

Determination of land prices results from existenoany different parameters. These
parameters are possible easily identify. Factotschvtake affect, can be classified to a few
main groups. These groups are divided by paramekenscteristic. People give priority to the
best locality, environment and property area. Sohse/ it grew locations, in which there are
small building areas with the same small housethdse locations are missing civic amenities.
These problems exist on satellites of the town.

The first group is covering parameters, which hagey closely connection with land. This
group involves:

Area.

Form of land.

Drop.

Cardinal points orientation.
Residence.

ogkrwbR
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In the second group are factors, which they aratirg) to living in this are, where land are
placed. Chosen factors, which they can be imglicthis group, are sought after. There it could
be include factors:

Locality.

Environment.

Avalilability mass transportation.
Distance to mass transport.
Exist of civic amenities.

arwnE

In next group the third one there are factors, Whiey pose availability of transportation and
supply of services in location for building. Inshgroup is chosen parameters:

Exist of waste water drainage, storm water sewatemsupply and others.
Density transport infrastructure.

Availability for building.

Services.

Industry.

arwnE

It can be find out from some data of land regisiapdscape planning.
1. Price map.

2. Kind of land in land registry.
3. Exist building, brownfield and the others.
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Price map
Kind of land in land registry
Exist building, Brownfield and the others
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Fig. 1. The factors used for evaluation of lands.

Parameters mentioned above have the most influendand price. These parameters are
interacting together. One positive aspect of faetdivate positive or negative aspects another
factors. It's very important to include the mostmher of factors. After that land price should
be the most predicative. Generally the most infliz¢parameters are location, form of lands,
area, drop and cardinal points orientation.

3. Conclusion

The historical market value method represents amovative way of property market
evaluation. It stems from the principles of the pamison evaluation method. It is usable for
determining the market value of apartments, farhityses and plots of land. It may also be
used for the determination of the usual rate ofapartment or family house rent and for the
determination of a property market value at anmotti¢e of evaluation.
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Abstract:

Laboratories accreditation has been a subject n§iderable interest to many groups,
because product quality guarantee has become athe pime factors to be considered
in the present time of highly competitive indudtrdativity. The reliability of the test
results, as well as the technical competence obrébries gives its accreditation,
according to international quality standard, sushl®0 17025 a necessity of major
importance. Accreditation is still a new issue tioe laboratories in Libya, a developing
country these laboratories need to establish asteMegy towards accreditation focuses
on the difficulties and barriers to implementatidinis work paper presents the outcome
of a questionnaire survey to investigate factorkabbratories accreditation that are very
essential for successful implementation in Libyaaboratories. A total of 400
guestionnaires were sent to a variety of industwésch included food preservatives
industries, industrial research centres, and peémacal industries and so on. 350 usable
guestionnaires out of 400 returned, thus givingsponse rate of 87.5%. The response
rate was satisfactory, as Saunders et al. (199v¢ macommended that a suitable
response rate should be between 30 and 50 peTdenanalysis lead to development of a
criticality laboratories accreditation factor stwe, comprising 19 factors arranged in
descending order of criticality through three layer

Keywords:
ISO/IEC17025, Laboratory Accreditation, Quality Assnce, Libya, Customer
satisfaction

1. Introduction

Product quality is rapidly becoming the most mdgmtor in consumer choice. This is
correct whether the purchaser is a person or adngpany. Therefore, quality guarantee
has become one of the prime factors to be conslderghe present time of highly
competitive industrial activity. In late 1999, thmternational organization of
standardization (ISO) and the International Ele¢&chnical Commission (IEC) issued
the ISO/IEC 17025 International Quality Standardhiocl incorporates all of the
necessary requirements for testing and calibraaboratories to prove their technical
competence and validity of the data and resulty {h@duce ISO/IEC 17025. The
reliability of the test results, as well as theht@ical competence of laboratories gives its
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accreditation, according to international qualitarglard, such as 1ISO 17025 is very
importance. In Libya (a rather small country), itegtlaboratory needs to develop a
quality assurance system, according to these mtierral standards, in order to prove
their technical reliability and competence. Acctatibn is still a new issue for the

laboratories in Libya, a developing country thesleoratories need to establish a new
strategy towards accreditation focuses on thecdities and barriers to implementation.
Among them are a variety of industries which inelddood preservatives industries,
industrial research centres, and petrochemicalsings and so on. Although there has
been a substantial interest in the improvement o$iness management; quality
management has been significantly less predomindnbya.

Kekale and Kekale (1996) mention wherever basicagahes to quality management are
adopted, an organization needs to develop a seitaiplementation approach, which is
culturally feasible. Also according to Kochan (1983 safe way to develop an efficient
guality assurance program is to consider the diffees in culture, language or
organization should be taken under serious coratider when implementing the quality

standard. The application of such a quality ass@aystem requires a great deal in
human resources, top management commitment, oejamal effort, expertise and

expenses. The purpose of this paper is to ideanfy investigate the factors that effect
the establishment of accreditation of industrietae laboratories in Libya. Due to the
need for the implementation of an accreditatioms thill enable the industries sector
laboratories to comply with international standeatled ISO/IEC 17025. Also this paper
presents the outcome of a questionnaire surveyntestigate factors of laboratories
accreditation that are very essential for succésgsfolementation in Libyan laboratories.

2. Literaturereview

Before engaging in a description of the benefitsvéd from accreditation and to discuss
accreditation issues, it is an appropriate to steith the definition of laboratory
accreditation. Ellie, (1990) defines accreditatisra system of impartial out side peer
review for determining compliance with a set ohskards.

Factors to be taken into consideration in establisy laboratory’s accreditation

According to Anschutz (1995) Zamany et, al (20GRg business organization in the
Western has developed due to quality issues ipldrening process of that organization.
In other hand quality issues within Middle East@wountries is lower than in Western
economies due to a number of reasons such as nmgagizations in the Middle East
have not operated as commercial companies due fierettit forms of government
intervention and the companies have been protdobed international competition by
government imposed tariffs and trade barriers. Alsabsence of competition and the
ready market for their products resulted in a pmaompetitive environment which led to
lack of innovation and improvement activities ireske organizations This policy of
protectionism led to bad effect such as lack of petitive pressure on the national
industries, led to neglect of customers as indi@island to a focus on mass production.
Sayeh (2005) mention if quality program is to secten Libyan Organization there are
many factors for the desired culture should be rtakeconsideration such as building
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team work, opportunities for growth and developmemil decentralized decisions, also
point out the implementation of quality programLibya Organizations includes many
issues or factors that need to be understood aptkimented with careful planning and
not merely linked to cultural issues .Al- khalifacaAspinwall (2000) point out in order
to move forward in terms of quality practices icteate a driving force, which is usually
associated with pressure from customers or infgatrom the owner or the managing
director. Wong (1998) point out lack of a real urstiending of the principles of quality
program due to lack of training and education teettgp a quality mindset with in the
work force and specially with in the leadership tedail many of the quality program’s
implemented in developing countries. Muna, (1988)leiman, (1984) found the
contextual factors such as politics and cultureygdaa role in Arab management
organization .Al-zamany et al (2002) identifiedethrmain categories of difficulties of
implementing quality management in the Arab coestriFactors related to government
issues such as lack of governmental support pragrianthe quality issues, selection and
assessment of managers in public organizationso Afsny studies in developing
countries such as (Malaysia:Hamzah and Ho,1994i8tkrman et al.,
1997;China:Chen,1997; Thailand: Krasachol et 881 %ingapore:Lee,2000) found the
lack of governmental support program’s to the dqualctivities is considered one of the
most factor’'s to implement quality management paagr Also they found lack of
information such as lack of statistical data, dffecinformation and liaising program
between the organizations and their ministriesatlifate improvement activities. The
second categories of difficulties of implementingality programs are related to the lack
of technical knowledge, short of skilled persorieeimplement these activities. The third
category of difficulties to implement quality pregn is related to the current
organizational practices which are related to tbkuoe such as people’s attitudes or
inappropriate managerial traditions. .Baidoum (3008e (Ramirez and Loney,1993;
Zairi and Youssef,1995; Ali,1997;Ahire et al.,1996AYTON,2001;Saraph et al.,1989;
Flyn et al.,1994;Thiagarajan,1996;Rao et al;1998,2001;Sureshchandar et al, 2001,
Lau and Idris,2001;Li et al.,2001) found by severabpirical studies that Commitment of
top management is a critical factor to implemeny goality program. Several studies
such as (Lorente et al.,1998; Li et al.,2001;Claateal.,2001; Zhang et al.,2000;Rao et
al.,1999;WestlundandLothgren,2001) .Also (Bowde@®0Nuagneux,2002;Kanji(1998)
identified employee empowerment, people managemactuding team work,
consideration of culture, employee motivation ambpgle make quality is one of the
principles of quality management. Buch and Rive200@Q) mention employee
involvement and commitment to the goals of quatitgnagement process is successful
factors to successful implementation of qualitygeean. Thiagarajan and Zairi (1997)
consider the act of maximizing employee involvementhe quality process requires
with in the organization to make major adjustmemtlso (Oakland, 2000) mention
middle management must go on to explain importdnguality to the employee for
whom they are responsible. According to BaidounD80Thiagarajan and Zairi,1998;
Quazi and padibjo,1998; Rao et al.,1999; Zhand.&080; Yosef and Aspinwall,2000;
Black and Porter,1996; Tamimi,1998;Pun,2001;Caésial.,2001; Dayton,2001 ) found
by recent empirical studies that training and etlanaare critical factor to successful
quality program implementation. Zhang et al (20€@)sider investment in education and
training is important for quality success. Manyeasher such as Oakland 2000; Easton,
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1998, Haksever, 1996; Dayton, 2001; Everett, 200ghlight the importance of rewards
and recognition in the quality process. Team warlconsidered as a critical success
factors to the success of quality program implewrigont by Crosby,1989; Kanji and
Asher, 1993;Cebeci and Beskese,2002; Mehra et &8 18ic Adam and
Kelly,2002;Everett,2002.Kanji and Asher (1993) ddas communication is part of the
cement that holds together the bricks of the gualrbcess. Also Sureshchandeir et al.,
(2001) and Lorente et al., (1998) mentions commation is important for the success of
any quality initiative and it is critical from tHgeginning of a change effort. Zhang et al
(2000) point out materials and purchased partgherenost sources of quality problems
so supplier quality management is an important @splequality management. Oakland
(2000) mention self-assessment highlights strengtidsimprovement opportunities and
drives continuous improvement.

3. Methodology

Based on the literature review of the major quadity laboratory accreditation factors
and ISO 17025 requirement, 19 factors were deriwaxnbnstruct the questionnaire of this
study. The questionnaire survey targeting the taé industries sectors laboratory in
Libya, which included food preservatives industrigsdustrial research centres, and
petrochemical industries and so on, aims to idgngff the awareness of these
laboratory’s of each of the 19 factors as to iteleof criticality in order to establish a
new strategy towards laboratory accreditation Ttigdy seeks to collect date about
laboratory’s employee’s attitudes towards labosatprality and accreditation through a
structured survey. A questionnaire was developegdan literature review in the area
of quality and laboratory’s accreditation. The bagesign of the questionnaire relied on
closed questions and a three-point scale. Thd Ewmeasurement used in the survey
guestionnaire is a three-point ordinal scale wittical, important, and minor importance.
A total of 400 questionnaires were sent to indabtlaboratories throughout Libya,
randomly chosen from those listed in the Libyardedemmunications directory. A
covering letter accompanied the questionnaire, whkixplained the nature of the study,
asked the participants to fill in and return theesfionnaire in the self-addressed
enveloped provided. 350 questionnaires were retufae analysis (a response rate of
87.5 per cent), the response rate was satisfachmy,as Saunders et al. (1997) have
recommended that a suitable response rate shouletveeen 30 and 50 percent.
Following the data collection stage, the responsese coded to enable them to be
computer processed. The researcher used the sefp@akage referred to as Statistical
package for the Social Sciences (SPSS). Frequeastnjbdtion is most appropriate for
the data organization as it allows the responsetrildition for a variable to be
summarized by computing the typical value (point@ftral tendency).
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4. Analysis of responses

Table (1) shows the responses distribution for extitation factors according to their

important.
Factor C.F I.F M.I Factor C.F| ILF | M.l
Training 286 28 31 | Government support 16102 | 87
Management commitment 227 89 34 | Effective information 20197 | 52
Rapid communication 188 114 48 Bad peoples dtitu 112| 145| 93
Technical expertise 210 87 58 Technical experience | 200| 92 | 58
Resistance to new
Time and resources 185 111 54 esponsibilities 141]122| 85
Documentation process 185 105 60 Managers as aots/ 175 102| 73
Cooperation 201 97 52 | Financial capacity 18204 | 74
International competition 186 101 68 Appropriatehi@cal 190 98 | 62
Pressure from customers 97 117 140 Awarenescodditation| 151 | 122| 73
Ready market 99 151 100
Lab Acc
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Fig. 1. Frequency distribution of responses

the measure of central tendiencyis level of investigation is

proved appropriate. A total of 16 laboratories adiation factors were stacked on
critical categories, 2 laboratories accreditatiactdrs were stacked on important

categories, while one

factor was returned as obmimportance. This factor is related to

pressure from customers (see Figure 1). Thus,hie ttypes of modal categories are
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identified, that is, critical, important and of mmimportance. These modal categories are
presented in Table (2).

Table 2: Accreditation and quality factors ‘modategory

Accreditation factor
Modal category- Critical
1- Lack of training of employee and education
2- Lack of top management commitment and involveamen
3- Lack of rapid and effective communication
4- Lack of technical expertise on ISO 17025 impletagon
5- Lack of time and resources
6- Lack of documentation process
7- Lack of cooperation and commitment of work force
8- Lack of international competition
9- Lack of governmental support programs to actaédn
10- Lack of effective information
11- Lack of experience amongst managers
12- Resistance to new responsibilities
13- Lack the role of middle managers as motivaaois
transmissions
14- Lack of financial capacity to meet the accribh implementation
cost and maintenance costs
15- Lack of appropriate technical knowledge amomgskers
16- Lack of awareness of accreditation at the mamagt level
Modal category —important
17- Ready market and poor competitive environment
18- Bad peoples attitudes towards accreditation
Modal category- minor important
19- Lack of any pressure from customers

4.1. Variation ratio and Stratification of the ideified critical quality factors

Using the variation ratio will help to separate thecreditation factors with majority

consensus from other accreditation factors withmagority consensus as perceived by
some respondents as of no consequence to the sumcéslure of the implementation

process of laboratories accreditation. Table (8shthe computed variation ratio for the
14 accreditation factors returned by respondentsritisal. The variation ratio values,

however, identified 14 accreditation factor to hawajority consensus (those with

variation ratio values greater than (0.5). The ifigd, therefore, represent the
fundamentals to build the stratified structurehs tritical accreditation factors.

Using the range and the variation ratio provideopportunity for objective judgment in

the process of ordering and stratifying the criti@ecreditation factors, exactly as the
mode did in the identification of these accrediatfactors. Sorting and ordering these
accreditation factors according to the level of ssmsus is measured by the variation
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ratio, which shows how descriptive the mode ishef tesponses. Having identified the
critical accreditation factors using the modal gatg, and developed the hierarchical
structure using the variation ratio, the stratiiima of these critical accreditation factors
becomes essential. Stratification of the accrediatactors, therefore, describes the
identified accreditation factors with regard toithé@egree of impact in the successful
implementation of Laboratories accreditation appyiprioritisation process of these
accreditation factors according to their perceivdicality. Table (3) presents the
accreditation factors ranked in a descending oofleheir frequency distribution of the
mode and the range of these factors.

Table 3: Accreditation factors clusters

c 58 S,
Accreditation Factor 2o G E g § 2
Ques. S 52 d = o
sk | ogg ®E
> |¥5Y 3
Q-1 | 1- Lack of training of employee and education 0.186 | 0.817 1
Q-2 | 2- Lack of top management commitment and involent | 0.363] 0.637 1
Q-4 | 3- Lack of technical expertise on ISO 17025 0.423 | 0.577 2
implementation
Q-7 | 4- Lack of cooperation and commitment of warkcé 0.431| 0.569 2
Q-12 | 5- Lack of effective information 0.437 | 0.563 2
Q-14 | 6- Lack of experience amongst managers 0.440 | 0560 2
Q-3 | 7- Lack of rapid and effective communication 0.474 | 0.526 3
Q-5 | 8- Lack of time and resources 0.480 | 0.520 3
Q-6 | 9- Lack of documentation process 0.486 | 0.514 3
Q-8 | 10- Lack of international competition 0489 | 0.31 3
Q-17 | 11-Lack of financial capacity to meet the adaation 0.489 | 0.511 3
implementation cost and maintenance costs
Q-16 | 12- Lack the role of middle managers as mtiirgaand 0.500 | 0.500 3
transmissions
Q-11 | 13- Lack of governmental support programs to 0.557 | 0.443 4
accreditation.
Q-15 | 14- Resistance to new responsibilities 0.603 | 0397 4

The criteria to be used in the stratification pgscare as follows:

Critical Accreditation factors stratified in tier are those that are have Frequency
distribution of the mode more than 60%, and thas®fs are Q1, 2.

Critical Accreditation factors stratified in tier @re those that are have Frequency
distribution of the mode more than 55-60% and tliasw®rs are Q4, 7, 12, 14.

Critical Accreditation factors stratified in tier 8re those that are have Frequency
distribution of the mode more than 50-55% and tlias®rs are Q 3, 5,6,8,17,12.
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Critical Accreditation factors stratified in tier dre those that are have Frequency
distribution of the mode less than 50% and thes@faare Q 11, 15.

Critical accreditation factors stratified in tieahd 2 are those factors that are essential to
successful Laboratories Accreditation implementais perceived by the vast majority
respondents to impact on the success of laboratadereditation implementation. This
tier includes six laboratories accreditation fastaas shown on table3.The tier3
Laboratories accreditation factors are absolutebertial as perceived by the majority of
the laboratories while some laboratories percenemt to be of no consequence with
regard to the success of Laboratories Accreditatigplementation. Tier 4 includes two
laboratories accreditation factors, which are ageahin order of their majority consensus
level as shown on the table (3) as perceived byasgondent.

5. Discussion

All factors are shown to be important with differetfegree of importance. However as
the finding shows on table 3 that the level of im@oce varies from one set of criteria to
another, Most of the critical accreditation factstsatified in tier 1 is known in the
literature as fundamental components to be empdwsia the early stages of the
implementation process. Particularly:

5.1. Training and education

Adequate employees’ training such as short couasesseminars is vital especially in
Libya. ISO 17025 requirement and several recendissurevealed that training and
education are critical to successful any qualitygoam implementation such as
laboratory’s accreditation .Zhang et al. (2000) sider investment in education and
training vitally important for quality issues susse 82% of the respondent which
represent the overwhelming majority of the respotsl@entified training factor as the
most important factor to implement accreditatiamd ¢éhis agree with literature.

5.2. Top management commitment and involvement

It is very importance to the success of the whaleotatory’s accreditation project is

getting true commitment provided by management Wuthe management supply the

laboratories by necessary resources such as mwaeyng and time as well as any type

of support. Gillespie (1998), mention absence ohage@ment commitment is the main

reason for the failure of a quality program. Thesurs especially when top management
fails to understand the magnitude of the efforuresl. 64% of the respondent identified

management commitment and involvement is very itambto implement accreditation

5.3. Lack of technical expertise on ISO 17025 impientation

58%. identified lack of expertise on ISO/IEC 170G85important factor to implement
laboratory accreditation, this is agree with liteara review according to Vlachos and
Michail (2002) results about implementing and meiimihg quality assurance program
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such as laboratory’s accreditation, it took a ticoasuming and difficult preparation to
implement ISO/IEC 17025, considering the laborédsolgck of previous experience.

5.4. Lack of cooperation and commitment of work fer

57% of the respondent identified lack of cooperataf work force is important to
implement laboratory accreditation, this is agrathwnany previous research such as
Croshby, 1989; Kanji and Asher, 1993; Cebeci andkess, 2002; Mehra et al 1998 Mc
Adam and Kelly, 2002; Everett, 2002 all of them &veonsidered team work is a critical
success factors to the success of quality progtenm gccreditation implementation

5.5. Lack of effective information

56% of the respondent identified lack of effectiwdrmation is important to implement

laboratory accreditation, this also agree with mapsevious studies such as
(Malaysia:Hamzah and Ho0,1994;India:Sterman et1897;China:Chen,1997; Thailand:

Krasachol et al.,1998; Singapore:Lee,2000) thendolack of information such as lack
of statistical data, effective information and s program between the organizations
and their ministries to facilitate improvement saities

5.6. Lack of experience amongst managers

56% of the respondent identified lack of experieaogongst managers is important to
implement laboratory accreditation this agree Widrature many researcher mention the
difficulties of implementing quality programs arelated to the lack of technical
knowledge, short of skilled personnel to implemnitese activities.

5.7. Lack of rapid and effective communication

53% of the respondent identified lack of rapid afféctive communication is important
to implement laboratory accreditation this agreethwliterature that Kanji and
Asher(1993) mention effective communication is pHrthe cement that holds together
the bricks of the total quality process.

5.8. Lack of time and resources

52% of the respondent identified lack of time ardources is important to implement
laboratory accreditation this is have the sameiopiwith literature review according to

Vlachos and Michail (2002) time and resources ghobé provided to various

departments in order to completely assimilate tteeelitation requirements.

5.9. Lack of documentation process

51% of the respondent identified lack of documeatatprocess is important to
implement laboratory accreditation this agree Miigrature that quality manual and all
quality system documents such as ISO/IES 17023afworatory accreditation and any
other document related to quality improvement my piece of information should be
issued ,distributed and kept safely.
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5.10. Lack of international competition

51% identified lack of international competitionimportant to implement accreditation.
According to Anschutz (1995) Zamany et, al (20G#ganization in Arabic countries
have not operated as commercial companies due ftereit forms of government
intervention such as lack of international compmtit

5.11. Lack of financial capacity to meet the accration implementation cost

51% of the respondent identified lack of finandgimportant, but it is not as the other
factors due to good Libyan economic situation, tlesagainst to literature might due to
the contextual environmental factors which aretegldo the politics and culture factors
such as people’s attitudes or inappropriate maregeaditions which played a role in
Libyan management organization.

5.12. Lack the role of middle managers as motivatand transmissions

50% of the respondent identified lack of middle agers as motivators is important to
implement accreditation this agree with the literat Thiagarajan and Zaire (1997)
considered the act of maximizing employee involvetrie any quality requires middle
managers to make major adjustments. The middle geament has a particular role to
play, they must go on to explain them to the peémievhom they are responsible.

5.13. Lack of governmental support programs to asditation

44% identified lack of governmental support progsam important to implement
accreditation, this is agree with literature Al-zam et al (2002) identified factors related
to government issues such as lack of governmenggpast program’s to the quality
issues, selection and assessment of managers iic mranizations are the main
difficulties factors to implement quality managermenthe Arab countries.

5.14. Resistance to new responsibilities

40% identified Resistance to new responsibiliteeriportant to implement accreditation,
this oppose to literature might due to the contalxenvironmental factors which are
related to the politics and culture issues suchpesple’'s attitudes or inappropriate
managerial traditions which played a role in Libyaanagement organization.

6. Conclusion

The implementation of laboratories accreditatiaquiees a great deal in management and
technical issues such as human resources, top er@eati commitment, organizational
effort, expertise and expenses. The discussiomeffindings reveals that 14 out of19
critical factors identified in this investigatiohare most of the values covered by the ISO
17025 requirement and several recent studies asianed in literature. The results of
this investigation suggest that need to be addilesmse dealt with the Libyan context the
19 critical laboratories’ accreditation and quafagtors.
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The findings of the survey questionnaire returnkdt tall 19 factors are of critical
importance except one factor (Lack of pressure fomstomers). This might be due to
the contextual environmental factors which areteelao the politics and culture issues
such as many laboratories in Libya have not opératecommercial laboratories due to
different forms of government intervention and kagoratories have been protected from
international competition by government imposedffsarand trade barriers. Also the
absence of competition and the ready market foir tpeducts resulted in a poor
competitive environment; therefore, the stratifgeiical factors can be used to construct
a framework for laboratory’s accreditation implernaion in Libya. Such a framework is
based on the implementation of the 19 critical dectordered according to their
importance. Finally the implementation of laborasraccreditation in Libya will require
considerable work to set priorities for implemeiatat More work is needed to provide
better understanding of the difficulties of implertagion those factors and to establish
laboratories accreditation.
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Abstract:

The provision of housing, particularly for low ino@ persons, is seriously inadequate in most
developing countries and the main reasons forithimlance of shelter delivery are in most
cases beyond the control of the individuals affecfEhe housing crisis in Zimbabwe is no
exception, where the people on the bottom of tloerme scale are faced with escalating
troubles as a result of wrong housing strategie$ @wlicies. All policies, strategies and
efforts aimed to alleviate the housing crisis imBabwe are based on the number of house
units to be built for equal number of home seekBra.this approach of demand and supply
of housing units in the aim of solving low cost Bog crisis in Zimbabwe has failed.
Misconception of meaning and understanding of ‘Hlogisand ‘House’, misconception and
government policy of squatter settlement, inappeter contextual factors, choice of
inappropriate building materials and constructiechniques, user participation, obsolescence
and overcrowding, and inappropriate Building Staddand By Laws are some of the
forgotten dimensions of low cost housing in Zimbabwhis paper identifies these forgotten
dimensions of the housing crisis and analysesdhgisn addressing these issues.

Key words:
Dimension of housing crisis, house, squatter, gmoate technology, building standard

1. Introduction

Hundreds of millions of people in the world todayelin poor housing under adverse climatic
conditions that stress their undernourished botdiesrd the limits of human endurance and
occasionally beyond (Shearer, 1986). According ami€te (2006), the housing crisis is often
sold and pushed onto the agenda in pre-dominanthntifative terms and the mismatch
between supply and demand is perhaps the scardisaior used by proponents of increased
housing delivery. Kamete (2006) also quoted thats hardly an exaggeration to conclude
that housing policies and strategies are assegst#temumber of housing units they produce
and by their contribution to the reduction or ehation of housing deficits (Mayo et al.,
1986), especially in the lower echelons of the arlmeome pyramid (Burgess, 1978, 1982).
This is true not only in academic and professianales (Buckley and Mayo, 1989), but also
on the institutional policy and decision-makingreagShildo, 1990), both at the local scene
(NHTF, 1999), and on the international stage (W&dghk, 1993).

This paper aims to identify and examine the fogotlimensions of Zimbabwe’s urban low
cost housing crisis. It analyses the solutionshefforgotten dimensions of low cost housing
problem and brings out how the forgotten dimensiafisthe low cost housing crisis
influenced the overall housing situation in Zimba&bwt also assesses how the current
perception of dimensions of low cost housing crigsisd policy framework, thought
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inadequately and how these thoughts obscures thedolution of housing problems. The
critical analysis of this paper concludes by highting the importance of addressing wider
dimensions of low cost housing crisis in Zimbab®elow is the list of overall dimensions of
housing crisis in Zimbabwe which the author strgngicognised to be addressed in order to
achieve a sustainable low cost housing solution: -

1. Misconception of meaning and understanding of Hwmgyisand House amongst the
Professionals, Politicians, Government decisionemgkStakeholders, and House owners.
Misconception of Squatter settlement and governrpelity towards squatter settlement.
Inappropriate Contextual FactorsDesign of the house units and layout desigdase
without the consideration of Vernacular Forms, unds, values, climate, and materials.
Finance

Choice of Inappropriate building materials and ¢ardion Techniques.

Poor land delivery system.

User Patrticipation- Isolation of user groups from design and cartdion process.
Obsolescence and Overcrowding (Kamete, 2006)

Inappropriate Building Standard and By LawsTown Planning, Infrastructure, and
Building Standards.

10. Shortage of skilled manpower

11.Unstable political situation and hyperinflationtbé country

w N
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Finance, available land for the low cost housinmpreage of skilled manpower, unstable
political situation and hyperinflation are moreless being discussed amongst the relevant
government ministries and public Medias in ZimbabiMee forgotten dimensions of housing
crisis which are discussed and analysed in thismpae as follows: -

1. Misconception of meaning and understanding of Huysand House amongst the
Professionals, Politicians, Government decisionemgkStakeholders, and House owners.
Misconception of Squatter settlement and governrpelity towards squatter settlement.
Inappropriate Contextual FactorsDesign of the house units and layout desigdase
without the consideration of Vernacular Forms, unds, values, climate, and materials.
Choice of Inappropriate building materials and ¢artion Techniques.

User Patrticipation- Isolation of user groups from design and cartdion process.
Obsolescence and Overcrowding (Kamete, 2006)

Inappropriate Building Standard and By LawsTown Planning, Infrastructure, and
Building Standards.

w N
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2. Misconception of meaning and under standing of Housing and House

The house, more than sheltering us from rain, siwst, and other elemental afflictions,
shelters us from the world. A house is not a maetor living in; it is a private world,
dependable, unchanging, a constant kindly refudlearcultural avalanche that we are pleased
to call civilization (Fathy, 1960). According to Paport (1969, 46), the house is an
institution, not just a structure, created for anptete set of purposes. Because building a
house is a cultural phenomenon, its form and osgdion are greatly influenced by the
cultural milieu to which it belongs. If the familis the fundamental social group- the
interpreter and buffer between the individual andiety — then the house has an analogous
function as between the individual and the worldtlohgs. It is the objective and tangible
projection of the family, and the most importaninthin a family’s or an individual’s life
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(Fathy, 1960). A house is not only a physical spacehich people live, but also a space
where social interactions and rituals take placea{@®et al, 2002).

Houses express culture, whether through purposkfsign or everyday use. House forms,
their internal layouts, and the layout of dwellingsa neighbourhood can be disruptive or
supportive of the culture of their occupants (Rapgpl969; Bochner, 1975; Ozaki, 2002). A
house is laid out according to how it is to be uaed various sociological and historical
studies of housing have thus claimed that the lagba house expresses underlying cultural
values and norms, which limit the possible chofoesuse of space (Clark, 1973; Jordanova,
1989; Mumford, 1970; Rapoport, 1969). House formesraflections of socio-cultural factors
in England and Japan and it has been found th&grvening factors make the causal
relationship between cultural values and housimgfa complex one, as a variety of cultural
factors affect housing forms. For example, womestétus has had an impact on the spatial
arrangement of the kitchen and the living areaaiti in England and Japan (Ozaki, 2002).

On 19 May 2005, the Government of Zimbabwe embardkedn operation to “clean-up” its
cities and it was a “crash” operation known as “@fien Murambatsvina”, referred to
“Operation Restore Order” (Herald, 2005). It isirstted that some 700,000 people in cities
across the country have lost their homes, theircgoaf livelihood or both and indirectly, a
further 2.4 million people have been affected inyiray degrees (Tibaijuka, 2005). Tibaijuka
further highlighted that education for thousandsdfool age children has been disrupted and
the vast majority of those directly and indirecHifected are the poor and disadvantaged
segments of the population. They are, today, degppoverty, deprivation and destitution,
and have been rendered more vulnerable. OperatstoRe Order took place at a time of
persistent budget deficits, triple-digit inflatioatitical food and fuel shortages and chronic
shortages of foreign currency and was implementadeu lack of dialogue between
Government and local authorities, and betweendhadr and civil society (Tibaijuka, 2005,
p7). As a solution to the housing crisis becaus®pération Restore Order, the Government
of Zimbabwe embarked on low cost housing projedie [Operation Garikai and
Hlalanikuhle, in which the main objective is to stmict cells of structure for the homeless
poor people. From the above concepts of house atbfamd explained by different authors
earlier in this paper, it can be summarised thaisbds not only a cell or structure to live in
but a complete institution, created for culturalepbmenon (values, norms, etc.), social
interaction, rituals, economic and psychologicatdas. Considering house as an institution as
explained; current low cost housing projects in Haibwe merely contain the above
characteristics.

3. Misconception and gover nment policy of squatter settlement

Srinavas (1996) defines squatter settlement asiderial area in an urban locality inhabited
by the very poor who have no access to tenureddéattteir own and hence “squat” on vacant
land either private or public. In squatter settlaisethe illegal occupation of land and illegal
development usually does not conform to town plagrsitandards. So, theoretically it can not
be considered as housing. According to Turner (Lah& is a misunderstanding of housing.
What is important about housing, he notes, is ‘wbat it is.... But, what it does”. The
observation is particularly relevant in the citegghe third world where resources (especially
finance) are very limited and the persons involasglin dire povertylHowever it is important
to note that the definition varies from countryctmuntry. Therefore, squatter can be described
as a residential area, which is developed withegall permission from the city authorities to
build, hence their infrastructure and services @asaally inadequate. Common confusion
exists between squatter settlements and slumsurA & a residential area that is physically
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and socially deteriorated. This includes bad hausvith inadequate lighting, lack of privacy
and subject to fire hazards. These however careba legally settled and might be properly
planned in terms of settlement patterns. On theroland squatter settlements refer to the
condition and legal status of the settlement. eginames are used to describe them, such as:
- Informal settlements, Low-income settlements, Sgenmanent settlements, Shantytowns,
Unauthorized settlements, Unplanned settlements.

Squatter settlements in some countries trace #xétence to three main factors; high rate of
population growth due to rural-urban migration egdto low-incomes and unemployment,
financial constraints that prevent the governmeninfbuilding conventional houses to meet
the demand (Chilowa, 1996). In most developing tees squatter settlements have their
emergence dating back from the colonial era whieeeurban space was exclusively for the
whites and the locals were allowed in for the smwithey could offer and were housed in
certain localities with no free means of acquiriagd. With independence, the flow of locals
to the cities was and has been too large for sesvatanned for a small number of people
(Jere, 1984). Besides the above, rural povertyopdrtunity differences have contributed to
mass movements from rural to urban areas. Therether factors like influx of refugees
common in Africa and some Asian countries, natwalmities associated mainly with
weather and economies that do not seem to impieak énd Pfeiffer, 2000).

According to Baum in Checkoway (1986, 25) plannimgs institutionalised in local
government with the promise of offering a technigalue-free source of assistance for public
decision making (Boyer 1983; Brownell 1980; Scofi69). Nevertheless, planning has
always been a political activity in the sense tle@bmmendations affect private interests and
interested actors have sought to influence deasigacording to Chipungu (2005, 20) the
conflict between professionalism and politics hdae reaching negative implications than
one would expect on the mere surface. Most thirdldvoountries seem to be advancing
politics at the expense of economic growth. Itasvrea common phenomenon that politicians
try to use their powers even in areas where prfieasadvice is required and essential. But
then the point is how much more damage can be atlobefore professionals interfere?
Recently the so called clean up campaign (Muramivety carried out by the Ministry of
Local Government and the City of Harare is onehafst political decisions made by the
politicians in Zimbabwe. Developing Operation Gagk Hlalanikuhle (meaning, ‘be at
peace’) low cost housing is also a kind of solutiothow income housing problem which was
taken by the Ministry of Local Government and NasibHousing.

As mentioned above, Zimbabwe government policiastds squatter settlement up to date is
either eviction and destroys the settlements. Endhowever, has not succeeded as squatter
settlements have continued to increase in numbersae from country to country. Some
governments started housing programs to replacesdhker programs of clearance. Mass
housing on the other hand requires resources mst@&f funds and skills. This is in short
supply in developing countries and most of themsaiel not to have had housing policies,
which contain clear and effective measures to @etl major housing constraints (Payne,
1984). It is also noted that most governments chafford to house large number of the
urban poor. Present level of public investmentangding is inadequate in relation to demand
and private housing agencies are building very slgsiama & Acquaye, 1986). With self-
help groups and Non Governmental Organizations (B)GEdme have acquired a level of
improvement leading to recognition by the governtragficials. It is in recognition of these
efforts to house one-self that the governments \&odd Bank came up with the sites and
services schemes. According to Hall and PfeifeO(@0the poor have built their own city,
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without any reference whatsoever to the whole lwoedic apparatus of planning and control
in the formal city next door, and they are righghpud of what they have achieved.

According to the Cities Alliance (2002), upgradingnsists of physical, social economic,
organizational and environmental improvements ua#ten cooperatively and locally among
citizens, community groups, and local authorit@gmnsure improvements in quality of life for
individuals. It is the improvement of the settlensensuring minimal relocation of the
residents (Abbott, 2000). What is emphasized thnotigese definitions is the on site
improvement by provision of basic services and ulothe participation of the residents.
There are those services, however, that individoamsot afford to do on their own outside
the formal government set up (Payne and Davids@83)l These include expensive
undertakings like building roads, schools, legalte and planning.

4. Inappropriate Contextual Factors

Cities and larger urban areas have distinctly obffié cultural tradition from the rural areas
and this has contributed to the housing problema@ul987). In the built environment,
cultural and religious influence is evident in aititudes, the preferences we have towards
various aspects of a building and in the way wehusklings. According to Rapoport (1982),
culture may be more important than climate, tecbgpl materials, and even economics in
influencing the built form. Cultural factors areeri responsible for what are sometimes seen
as ‘irrational' architectural solutions. Solutianfluenced by factors such as the need for
privacy or religious beliefs, for ceremonial purpssor even for status and prestige, factors
that are usually not trans-cultural. Culture dedireess: “... the integrated patterns of human
knowledge, beliefs and behaviours. It refers toarte music, styles, tastes, festivals, rituals,
ceremonies, customs, codes, taboos, tools, teaksigod institutions like marriage in a given
community. ..., culture is the sum total of whatds individuals as a group with roots or into
a community in which they think and will togethgi®Qlweny, 1994, p12). So, housing is
affected by the cultural and religious idiosynceasof a particular population. In defending
cultural authenticity, one of the well known Eggsti Architect-Planner Hassan Fathy
emphasized that, there is an essential non-integeebility of cultures. By that he meant that
basic cultural elements developed in response tligeémous needs, environmental and
psychological, and that alien elements cannot lpanted or transplanted from other cultures
or other environments if they are culturally inaggmiate. Culturally inappropriate elements
that are so inserted into the fabric of the harmosibuilt environment will undoubtedly
generate contradictions, and will, with time, caeoand degrade the traditional culture
(Serageldin, 1985, p 17).

The above analysis of culture and its relation eoiging clearly shows that, planning and
designing of any housing needs a detailed anabfsibe particular culture the housing is

designed for. The indigenous context (culture, atin landscape, building material, etc.)
must be respected and incorporated into the plgrema design of the housing. The question
can be asked here, whether the low cost housinigrdess implemented considering local

context of Zimbabwe? Design of low cost house uaitd housing layouts are done without
the consideration of local culture, vernacular f@nd climate in Zimbabwe.

According to Ahmedet al. (2002) Planners seem inexplicably wedded to tlotilirear

gridiron pattern in dealing with low-cost housingdathe drawbacks of this approach, when
the designs are regularly repeated without muclmsigav and the executed projects never
brought to completion, have become all too obviafier four decades of practice. Hassan
Fathy stood against the bureaucratic approach &8s tausing, the repetition of prototypes in
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ever-shifting combinations. He advocated indivisked attention to each building (housing

unit). He admonished architects never to take casions of more than 15 to 20 house units
at a time, to deal with users as individual clieatsl persons and not as “prototypes” or
“generic average families” (Serageldin, 1985, p. B)research carried out by a group of

postgraduate students on low cost housing proggaut patterns in Sudan summarises and
tested the following hypothesises (Ahnmet@l. 2002): -

* The physical patterns adopted in these projecte waariably gridiron of simple shapes
with no real evolution over more than four decaaled minimum benefit from feedback;

* Planners do not take the design of low-cost houamgeriously as they do First- and
Second-class housing, where more attention hasdmaned;

* Public participation has been overlooked at aljesaof planning and implementation;

* Whatever experimentations or innovations were thiced have not been followed up or
developed to satisfaction;

» Political expediency has sometimes forced planraastily to turn up designs or
mechanically repeat old ones without much effomvorking them to maturity;

* The single-storey developments have contributethé horizontal expansion and low
densities prevalent in the city.

In the case of low cost housing in Sudan, Ahreedl. (2002) stated, “In virtually all the
projects the rectilinear gridiron has been adopiethe housing pattern. Planner after planner
for almost half a century has apparently seen agae to change and only a few, fairly
superficial variations on the theme have been gitedi. Despite the availability of a variety
of planning patterns, the simple gridiron was thee onvariably adopted for low-income
groups; this has enhanced the cheerless profitaeoextensions of the city. In the case of
Zimbabwe, the scenarios and situations are the sanadove Sudanese case studies of low
cost housing.

The field of vernacular architecture offers an atance of concepts that can be of use today
in solving the critical housing situation now fagimillions in the Third World (Shearer,
1986). The solutions that were found relied on gperom the sun and wind and the
innovative, architectural structures and forms thate developed to make use of this natural
energy. The vernacular architecture of the Arab [&/and neighbouring regions not only
solved the climatic problems but did so with a comabon of beauty and physical and social
functionality (Shearer, 1986). A lot of lesson d@nlearnt and implemented in Zimbabwe low
cost housing planning & design if the vernaculahaecture is well analysed. Mafico (1991,
p43) analysed the problems of community particgratiprivacy, home ownership and
building material are dealt in Zimbabwe vernacw@eshitecture and prescribed the solutions
in the low cost housing.

Appropriate housing is housing suited to the neddbie occupants, and takes into account
social, economic, cultural and environmental caists and housing should be viewed not
only as a physical product, but as an activityaetivity in which the users’ economic, social,
cultural and psychological needs are considered/é®y, 1996). Such an approach will go a
long way towards improving the appropriateness wblip housing, and ultimately, user
satisfaction with housing. According to Turner (29The acceptance or otherwise of a need
is the most important product of any human activithus, whether or not a house is
appropriate, is contingent upon the needs beinijléadl by the housing supplied (Turner,
1972; Sharifa, 1994). So, appropriate low cost mauss only achievable if all appropriate
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contextual factors are considered in the planning design stages of low cost housing in
Zimbabwe.

5. Choice of Inappropriate building materials and construction Techniques

The Ministry of Public Construction and National dsing (MPCNH) has the responsibility
of building and maintaining all government buildingncluding provision of decent and
affordable houses to people of Zimbabwe. The umalested boom in the construction
industry since independence resulted in the highashel of building materials that superseded
the production capacity of the manufacturing sedtothe period between 1989 to 1992, the
estimated demand for bricks was 1250million yetyat®02 million were produced. In the
same period, cement production levels have oniy labée to satisfy 84% of the demand most
of which was taken by commercial and industriat@ec(MPCNH, 1993). The high demand
in basic building materials caused the prices es¢hmaterials go up. For instance the cost of
constructing a 50Mmfour roomed house in urban areas rose from ZW $380®83 to about
ZW $22000 in 1990 and more than doubled to be mkggezW $50000in 1993 (MIPTP,
1993). According to MIPTP (1993), only 23% of thidoan population could afford to buy a
house that cost ZW $50000 in Zimbabwe. Chakwizirdu&hena (2004) highlighted that, the
government of Zimbabwe in 1996 had an aim to bhddses for all by the year 2000 which
unfortunately never achieved and by 2004 approxetpd&0% of the population in Zimbabwe
resided in urban areas. Inflation in August wag2@1%, in September 2003, at 400% and by
2004 it was 600%. Up to date the official inflatibas reached to 8000% in Zimbabwe (SW
Radio Africa, 2007). According to the MPCNH (2000¢ment was priced at ZW $15 (1991);
ZW $450 (2002); ZW $9000 (June 2003); ZW $30 00ed&mber 2003) and ZW $40 000
(May 2004) per bag.

According to Zami & Lee (2007), a house is compoeédeveral materials such as brick,
cement, timber, window frames and panels, door ésaand leafs and several other building
materials which contribute to the finished prodaict the use of bricks as a standard building
material began in the early 1900s in Zimbabwe. Tas because materials in use then were
neither thermally friendly nor sound proof nor aboall non fire resistant. However, high
density housing in Zimbabwe allows the use of 118 brick walls to be used as load bearing
walls (Model Building by Laws, 1977). So brick, cem, sand and timber are the major
construction materials in Zimbabwe up to date whishunaffordable nowadays and an
appropriate building material & construction teafue needs to devise to solve the low cost
housing crisis. For example, ‘earth’ can be usedrasppropriate construction material in
Zimbabwe

Zimbabwe did not recognize the use of earth foistmiction of ‘descent’ shelter for the urban
environment (Zami & Lee, 2007). The Zimbabwe Staddaode of Practice for Rammed
Earth Structures was started shortly after pubighhe Code of Practice in 1996. The In-situ
Rammed earth Company led by Mr. Rowland Keabldiaieid the request to the Standards
Association of Zimbabwe [SAZ] and was secondedHhgythen newly formed Scientific and
Industrial Research and Development Council [SIRD®E In Situ Rammed Earth Company
promoted the use of rammed earth as a green, saiskai material for the future. He
pioneered many rammed earth projects in Zimbabwangnthem is DfID School block at the
Scientific and Industrial Research and Developméentre (SIRDC), Hatcliffe, Harare,
Zimbabwe. This project was mainly constructed tondestrate that rammed earth could
successfully support a roof span of 8m whilst & f#ame time being a test bed for the
publication of RE Structures: A Code of PracticdeTbuilding also incorporates boron
treated timber roof, which was designed by the TEmlResearch and Development
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Association TRADA. The building was inexpensivedashowed that wide span roofs are
possible with the technology, important for classns and clinics. The creation of this was a
milestone in illustrating how RE can be used todowonstruction costs. This building

technology was 60% cheaper than concrete blockscanld provide double the number of

built units for the many African school buildingggrams, as well as clinics & houses. The In
Situ RE Company also carried out a number of rameedh projects in the Zimbabwe,

among some of them were a classroom block in Bonkmicaland commissioned by

pioneering architect Mick Pearce in 1997, Officel &wousing in Chimanda on the North East
border with Mozambique.

Earth is affordable and available and would be oppate in the case of low cost house
construction in Zimbabwe. It is possible to usestebilised raw earth as rammed earth or
compressed earth blocks; but the stabilised fornrmae suitable for the Zimbabwean
situation in terms of by-laws and housing standafd® only challenge that prevents earth
becoming the preferred choice of building mateaalongst the general population is the
acceptability of this material by that same popalat An awareness and understanding by
people to environmental issues such as air potiutaeforestation, land degradation and
energy conservation would help them change theiudés and views towards earth building.
The flexibility and simplicity in technology incogpated in earth building affords adaptability
and easy transfer of knowledge between differeakettolders in the building industry.
Individuals and community as a whole can easilyigaate in building their own homes in
affordable ways.

6. User Participation in low cost housing projects

Citizens must participate in the design of buildinghereby leading to a triangular
relationship between the citizen, the architect] tre builder. This means that the task of the
architect is not to express his own ideas in thklimg but those of the locale, the people, and
the culture (Shearer, 1986). Far from being viewsdartners, beneficiaries were given no
active role to play in shaping their habitats (&f&m filing complaints); planning proceeded
totally inside government departments and the atmrss often repeated that planners were
insulated and beneficiaries isolated are by no meafiounded (Ahmeet al, 2002). Hassan
Fathy also encouraged self-help and promoted umseicipation in design. He allowed the
peasants to express their wishes for the lay-dutiseir homes, in other instances he left the
peasants use a courtyard for a number of days lama éstablished the lay-out of the
courtyard on the basis of their use, defining tathgays where the earth had been beaten by
their steps. All these efforts are examples of Yatpersistent attempts to introduce further
individualization in the design process (Serageldi®85, p 18).

The self-building process has been described asbielg to vernacular architecture or what
Is termed new traditional environments, but thisvrieadition must be qualified (Rapoport,
1988; Kellett & Napier 1994). Studies have showat trernacular architecture in many places
iIs based on profound elements which embody enviemtah quality. The self-building
process in Brazil, however, has specific charagties and problems. Mainly due to low-
guality design solutions, self-built houses presemthe whole a low environmental comfort
standard (Labaki & Kowaltowski, 1998). The locamngernacular thus lacks some of the
positive elements of many traditional buildingsp&dally praised for their intelligent
solutions to climatic problems (Kowaltowsdtial, 2005). In Brazil, 30 times more homes are
being built in the informal as against the formays of construction (Augusto & Bastos,
1997). Due to specific local economic and socialcitires, as well as urban growth patterns,
self-built houses, houses built by owner familiesake up a substantial percentage of
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Brazilian housing production (Nolasco, 1995; Kowalski, Pina, & Ruschel, 1995a,
Ornstein, Romero, & Cruz, 1995; Werna, 1996). $eift houses are the predominant mode
of urban habitation production of a low-income plagpion in other Latin American countries
as well (Turner, 1976; Kellett & Napier, 1994). Acding to Brazilian data around 60% of
the local housing production is self-built (Schul896). As in many developing countries,
spontaneous housing, without tenure, is synonynoduesxtreme conditions of poor-quality
housing and has a negative impact on the urbamamaent (Pettang & Tatietse, 1998). So, a
distinction must be made between self-buildingvétotis on land without tenure such as
invasions and slums or the so-called favelas, haoget on lots acquired by families in private
subdivisions or through government distributiongyeons (Kowaltowsket al, 2005).

According to Kowaltowsket al (2005), Self-builders need access to informationjarious
forms, from simple technical manuals or bookletrihuted in construction material shops,
to on-site assistance on choices of materials anlilibg techniques. Technical reasons
behind design features can be made clear, gaimpgrtance and thus avoiding changes that
may diminish comfort aspects. Information showndoawings is of prime importance. Care
must be taken in relation to furniture arrangemesttewn on floor plans. Perception of room
sizes are based on furniture layouts and self-btsldend to interpret empty space on
drawings as opportunities for design modificatioms.Zimbabwe so far there are no self
building projects. But it is a high time now torhkialong the line of Brazilian self building
projects to solve housing crisis in Zimbabwe.

7. Obsolescence & Overcrowding

According to Kamete (2006), though harder to defmeercrowding is evident in all urban
high density areas and the situation is a postpgeddence phenomenon, which dramatically
manifested itself after the colonial restrictions ral-to-urban migration and occupancy
were relaxed. The notorious Mbare flats, which watiginally intended to house unmarried
workingmen, now house more than one family comphatk children and other kith and kin,
some of them adults (Chombo, 2000). Chief amonddtgotten aspects of the urban housing
crisis in Zimbabwe are obsolescence and overcrayvflitauson-Kaas et al., 1996), both of
which have a strong bearing on health, conveniamckesafety (cf. Cotton & Franceys, 1991;
Hardoy & Satterthwaite, 1989).

Besides, the obsolescence and crowding situati@akubva in Mutare, Rimuka in Kadoma,
Makokoba in Bulawayo, St Mary’s in Chitungwiza, newadays in an alarming situation.
According to City of Gweru (1998), Mutapa Township Gweru was established before
independence to cater for 4500 single men but Afigependence, families moved in and the
township now houses some 15,000 people who shaeebtotk of old toilets. All the
townships discussed above are among the oldelseinduntry. Overcrowding has now taken
even greater proportions not only in older aredselven in comparatively newly developed
areas such as Epworth, Budiriro, Dzivaresekwa, Kiaaaa & Glen View in Harare, Zengeza
in Chitungwiza, Mkoba in Gweru, Cowdary Park in 8wbhyo. Overcrowding in these areas
said to create problems on services especially rsg@ereticulation which frequently breaks
down and blocks, electricity which becomes overtmhdand roads become congested.
Obsolescence and overcrowding have repercussiabhgté now becoming evident not only
in the centres mentioned above, but also throughdedn Zimbabwe and the most obvious
and easily recognisable is the overloading of itaed (Kamete, 2006, p989). So, it is crucial
and must to increase the capacity of the infrastrat facilities to serve the increased
population of these housing discussed above ermgatstainable solution to housing crisis in
Zimbabwe.
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8. Inappropriate Building Standard and By L aws

According to Mafico (1991, p107), housing standarals be defined as, “relative measures of
suitability, acceptability and liveability for a\gn socio-cultural, economic and cultural
settings”. In the same text, the UN defines stamglas, “measures of the acceptability of
housing at a given time and place in a culturalhmelogical and economic setting.” Mafico
also (1991, p108) states that, housing standarde farst introduced in the western world
during the 19 century to protect the weaker members of socigamest overcrowding and ill
health. The main thrust of these standards wasdaie minimum standards of hygiene,
safety and privacy in the housing units, which werevided to the working class. In
developing countries, and Zimbabwe in particulasugding standards were said to have
instituted by the colonial government to protecé tBuropean settlers and officials, the
standards usually led to the replication of theetgpdwelling enjoyed in the home country. It
is within this background the central componentstie@d conventional low cost housing
paradigm were developed and housing has been pedcas structures built within the
guidelines of Town Planning, Infrasructure and Buig standards and housing is an end state
of construction activities (Zami & Lee, 2007).

Infrastructure standards are applied on the ses\titat enable the efficient and hygienic use
of any building. These inevitably affect the quabif the low cost structures. The width of the
access roads of old low income suburbs in Zimbalase 10 meters. Older (before
independence in Zimbabwe) high density suburbsr@dwer roads because; residents of
these suburbs were not expected to own vehicleadfkof these old high density suburbs
were tarred, and are still tarred but full of pddsowhich is very inconvenient to motorists.
On the other hand, newer (after independence) dégisity suburbs in Zimbabwe are blessed
by wider (15 meters) access roads because of Wisecdeinfrastructure standards but surfaced
with only gravel. Introduction of gravel road leavide new high density suburbs looking like
a growth point whereas these suburbs are locatdgkioountry’s largest cities. Mafico (1991)
states that, “this has reduced costs of providergises (which it has), it has on the contrary,
actually lowered the minimum quality requirement$ mewly established suburbs.”
Reticulation Standards ensures supply of water weellthgs for keeping the home
environment safe and hygienic for the user. Thep gluarantee the disposal of all waste be
removed from the home environment. Older high dgrsuburbs used to have communal
water taps and toilets, which resulted in poor nesiance of hygiene conditions around these
facilities. Theses standards have been upgradetharmtovision of communal water taps and
toilets have been abolished. The individual housew have their own taps and toilet
facilities. But unfortunately, some of these howséb can’'t afford sinks, W.C or shower
fittings.

Town Planning Standards cover a wide range of stasdin the building industry. For
example: - subdivision, height restriction, lane@ usoning etc. Subdivision Standards govern
minimum dimensions of plot which is suitable fornstruction, future expansion, and
gardening and or recreation. Plots in older highsdg suburbs measuring 25 X 15 meters,
were reduced to 25 X 12 meters, and further redtw@® X 10 meters. Further reductions in
plot sizes resulted in these plots measuring 25 ideBers. These dimensions are the ones
currently in use in newer suburbs such as Cowdamnk,PPumula South and Operation
Garikayi/ Hlalanikuhle housing areaall the above mentioned problems are due to the
revision of subdivision standard/ plot sizes. Thguanents in favour of the reduction of plot
size are the “reduction of costs.” The reductiorca$ts should not stand as a justification for
compromising privacy and the economic conditionuthanot be used as a barometer in
determining revision or evolution of standards.
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According to Building Standards, high density hoagsin Zimbabwe allows the use of 115
mm brick walls used as load bearing walls which ost cutting measure. It almost reduces
the cost of housing by more than a quarter ofatal tanticipated costs. These walls do not
however have good sound and thermal propertiestdudne inadequate thickness. It is
important to note that, the local authorities imBabwe do not allow such 115 mm brick wall
even for garage construction in low density suburbse minimum room size by the
legislation is 7 sq. meters with the shortest simdeasuring 2.1 meters. According to
architectural standards, a habitable room shouldfadably accommodate the occupants,
furniture and circulation space. Most of the bednoand kitchen in high density suburbs
cannot accommodate minimum furniture with any datan space. Natural ventilation and
lighting are big problems in these high densitywsbb. Fig 1 shows a typical layout of plot
subdivision plan with house units on it in Cowd&ark Housing and natural airflow pattern.
It is very difficult for natural air to circulateraund the house units because of poor
composition of the house units. Fig 2 shows a slpgection through two adjacent house
units and boundary wall in between of HlalanikuRleusing and how sunlight is obstructed
by the boundary wall and roof structure.

PLOTS WITH BOUN{)ARY‘_{LTNES ‘ A

UNITS WITHOUT |
T NATURAL VENTILATION

"""""" ; BEDROOM ||| BEDROOM
‘;“‘ "5\ | Q 3&(;‘)’[‘72:)(,«:.\!1;\"\\'~\LL
oy ‘g'iF.U.:wﬂ““gJ}"j‘l}Fﬁ(}W- ‘MH “ m i i ( I il [‘ HEHER ‘
L T R Ao H\lk ‘.M Ll T H&Huli
NOT IN SCALE. ) NGE TN At ] il H\] I i
Fig. 1 Fig. 2
Layout of plot subdivision plan of Cowdary Park @ through two adjacent house units in Hlalanikuh
Housing. Source: Zami & Lee, 2006. Housing, ZimekabSource: Zami & Lee, 2006.

The definitions of housing standards as mentionadiee also do not go along with the
discussed housing standards. Besides, housingastendurrently practiced in Zimbabwe
were adopted in 1977 and for the past 30 yearsethawve been a lot of economic,
technological and cultural changes. There is an ediate need for the Government of
Zimbabwe to review the Regional, Town and CountanRing Act and other relevant Acts to
align the substance and the procedures of these withh the social, economic and cultural
realities facing the majority of the populationymely the poor (Tibaijuka, 2005).

9. Conclusions

Problem of low cost housing crisis in Zimbabwe @ just going to be solved by constructing
a huge number of similar designed cells or striectoy the government based of housing
waiting list and it will not be fair to expect thpeople are going to live in those cells. Low
cost housing problem needs to redefined and reéocushe refocused definition should
encompass all the above discussed forgotten dimensof low cost housing crisis in
Zimbabwe. To fully understand and solve the problemlow cost housing crisis in
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Zimbabwe it very important to understand the défni and what does house and housing
ideally means. The ideal meaning of housing cosisidt quantitative and quantitative

requirements that ensure the sustainability andcessc of the housing. Quantitative

dimensions of housing crisis are always being tdkethe government of Zimbabwe to solve
the housing crisis and the qualitative dimensiarsadways being avoided. But to solve the
problem housing crisis it is a must to readdress c@range the problem of misconception of
squatter settlement and government policy towardsatser settlement, inappropriate

contextual factors, choice of inappropriate buitdimaterials and construction techniques,
user participation (not to isolation of user grodpsm design and construction process),
obsolescence & overcrowding, and inappropriatedingl standard and by laws.
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Abstract:

Research methodologies are used in all contextssefarch and are fundamental to the study
and exploration of any topic. They allow concepts de examined and investigated,
hypothesis to be formed, proved or disproved. Taiper provides a glossary of terms, an
explanation for research terminology that existd an overview of the theory and process of
Grounded Theory. The paper will then move on &cués the potential use of Grounded
theory in healthcare infrastructures.

The glossary section of the paper will be develofedugh a literature review of key texts
within research practices. A literature search wido be undertaken on the theory and
process of Grounded Theory, with focus moving ® pbtential use within healthcare
infrastructures. The anticipated outcome of thipgpawill be guidance for those new to
research and for those undertaking Grounded Themspecially within the realm of
healthcare infrastructures.

Keywords:
Research terminology, Grounded Theory, Healtha#rastructures

1. Introduction

Research methodologies are used in all contextssefarch and are fundamental to the study
and exploration of any topic. They allow concepts te examined and investigated,
hypothesis to be formed, proved or disproved. {Jédy@er is aimed at a new researcher who is
thinking of undertaking research using groundedmpe@nd in particular using it for a study
into healthcare infrastructures. The aim of thipgoas to:

1. Provide an overview of the terminology that is usatthin research

2. Provide an overview of Grounded Theory

3. Discuss the potential use of Grounded Theory ingsearch of healthcare

infrastructures.

To develop the research terminology section of fraper a review of key texts within
research practices was undertaken. The exploratidndiscuss around grounded theory and
its process was achieved through a review of liteeaon the subject since its development in
1967. The paper concludes with a discussion atfmutpotential use of grounded theory
within healthcare infrastructures. The next sectwifi provide the starting point for a
researcher a glossary of research terms frequesdg within research.
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2. Research Terminology

There are a number of models and diagrams usedutiwpra to describe the relationship
between the different choices to be made withireassh, such as Ticehurst and Veal's
(2000) Approaches and methodologies, Kolb’s (19B4)eriential Learning Cycle and Karl
Knox’s (2004) Hierarchy of Research Needs. It asvéver the research ‘onion’ (fig 1.)
developed by Saunders et al. (2007) that fullystliates the relationship and the differences
between the terms philosophies, choices, strategigsoaches, time horizons and techniques
and procedures. The onion also illustrates theudfit layers that need to be addressed before
data collection can take place. Without a cleareusidnding of what the research aims to do
it is impossible to know which method of researckthie most appropriate.

Resear ch Philosophy:

Positivism, Realism,
Interprativism

Resear ch Approach:
Deductive, Inductive

Data Collection methods:
Sampling, secondary data, interview
observation, questionnaire
Resear ch Strategy:
Experimental, Survey, Case
Study, Grounded Theory,
Ethnography, Action Research

TimeHorizon:
Longitudinal, Cross Sectional

Fig. 1. Research Onion Saunders et al 2007

As described by Gerring (2007) before discussisgaech there is a need to develop a shared
understanding of the key definitions that are clead coherent with all those within the
study. Through using the onion and other freqyemdked terms the following will provide a
brief description of these different terms.

» Research Philosophy: The research philosophy chosen by the researcHercovitain
assumptions about the way the researcher viewawaohle and the context of their history
in the society they are part of (Saunders et @,/2Gibbons and Sanderson, 2002). This
relates to the development of knowledge and wilubed to underpin all other decisions
made during the research. Guba and Licoln (1994¢rdee philosophy, as a paradigm of
‘basic belief system/world view’.

* Research Approach: Deductive and inductive are two approaches for uakmg
research. Deductive is to undertake a study inraa & which a lot of past research and
therefore material already exists. It is upon &xisting material the researcher develops a
hypothesis and theoretical framework (Saunderd, 2087). Contrastingly inductive is
used when researching a new area, which has not &@gaored and has little or no
literature/data existing. It is from the primamgdapractical research that the theoretical
framework is developed (Saunders et al, 2007). s@hfferences do not mean research
has to be one or the other, it is possible for kagproaches to be used within the same
research project.

* Research Strategy: The research strategy is the way in which a perdecides to
undertake the research. It is the plan the pehsanfor gathering the data required to
either test out or generate a hypothesis. Yin'skvde@monstrates that it is important when
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making decisions about the strategy one is goingst®within a study that it is linked to
the research question, the below adapted tabkdréiies this (Yin, 2003).

Table 2: Which strategy to answer which questi@uspted from Yin, 2003)

Strategy Form of Resear ch Question

Experiment How, why?

Survey Who, what, where, how many, how much?
Archival Analysis Who, what, where, how many, howah?
History How, why?

Case Study How, why?

* TimeHorizons. This refers to the time span of the research taglage, whether it is
a longitudinal study or a cross sectional. A londinal study is repeated at different
times with the same group/groups following exathly same procedure at all times,
so that comparisons can be made over time (Ger&d@7, Robson, 2002). Whilst
the cross sectional study occurs at the same tumadross different sample groups
(Easterby Smith et al, 2002).

« Data Collection Methods: This can be broken into two: the techniques andchatetA
research method is the way in which evidence and idacollected (Galliers, 1992
and Weick, 1984). These methods indicate the iquabs of data collection that are
being used such as a quantitative method will mearechnique such as a
questionnaire will be used. Robson (2002) makekedr that the choice of methods is
dependant on the information that the researchatsata gain, the circumstances and
who the information is being obtained from. Robg@002) suggests that the
following are simple rules of thumb for selectingtimods and techniques:

o To find out what people do in public udeect observation.

o To find out what they do in private, usgerviewsor questionnaires.

o To find out what they think, feel and/or believeginterviews, questionnaires
attitude scales.

o To determine their abilities, or measure their lligence or personality, use
standardised tests.

» Population: The term population within research refers to wile of a particular
group being studied (Robson, 2002). If one wabdaundertaking research on the
performance of girls in UK public school betweere thge of 14 and 15, the
population would refer to all those that fell undleait category.

* Sample: A sample is chosen from the population, and mustelpeesentative of it.
Sampling also refers to variables that are not lgemglated such as time and place.
Samples can help make research more manageableamiag validity and reliability
(Robson, 2002).

* Representativeness. This relates to the group/sample that is being istudand
whether they can be said to be characteristic ®flahger group (Gerring, 2007 and
Stake 2005). Generalizations from the sample goaupbe made and assumed upon
the larger population (Stake, 2005).

» Falgfiability: Hypothesis are tested many times in an attemptdhabne of these
times the hypothesis is proven wrong, the moregismmething is proven correct the
more reliable. Karl Popper (1963) argued that y\wEnuine test of a theory is an
attempt to falsify it or refute it, fig 2. illusti@s this:
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( 1. Problem: refutation of existing theory A. ]
I

[2. Proposed solution: from the development of a tt@ery B which is as yet unfalsifk}d
|

[ 3. Deduction of testable predictions aimed at #isiffcation of new theory B ]

1
4 Empirical testing aimed at the falsification @wtheory B ]

|
5. Preference established between theories A antsBrvival of the fittest’ theory ]

Fig. 2. Popper’s epistemological Darwism — explagnialsification (adapted from
Johnson and Duberley, 2006)

Reliability: The reliability of a method is the ability to repiece the same results
using the same method at any time, the ability dodifferent person to replicate
(Schwandt, 1997). This can often be hard in s&iahtions as one cannot ensure the
variables will remain the same at different times.

Validity: The term validity refers to how representativergmults are of what is being
studied, whether they present a true picture ofwbdd (Robson, 2002). It is the
testing of the new research findings against whatready known (Stake, 2006).
Generalisability: This is the extent to which the results of a stedy be applied
outside of the situation they occurred (Robson,2200rhe more they are applicable
in other situations the greater the generalisabiltthe study. This relates to Little et
al (2002) and Nonaka, Toyama and Komo’s (2000)ebethat knowledge is
contextual. That even when knowledge is documeateldmade explicit whether it is
understood fully or used appropriately is depenaenthe community, circumstance,
context, time and space.

These definitions are general and it should be neloeeed as with many research terms the
interpretations of these are different between eddfit philosophical standings. These
differences are outlined in the below table by Bedmst-Smith et al (2002).

Table 2: Which strategy to answer which questi@uspted from Yin, 2003)
Viewpoint
Positivist Relativist Constructionist
Validity Do the measuresHave a sufficient numberDoes the study clearly
correspond closely tpof perspectives beemgain access to the
reality? included? experiences of those in
the research setting
Reliability Will the measures yieldWill similar observations Is there transparency in
the same results grbe reached by othethow sense was made
other occasions observers from the raw data?

Generalisability,

contradict

field?

To what extent doe
the study confirm o

findings in the sam¢

existing

sWhat is the probability
[ that patterns observed
the sample will

population?

erepeated in the generjatelevance

Do the concepts and

Irconstructs derived from
be this study have any

to other

settings?

The terminology that lies within research has belanified and the importance of each is
justified. The paper will now go on to discuss ipth Grounded Theory, where the terms
that have been described in this section will edus
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3. Grounded Theory (1967): An Overview

Grounded theory perspective, was in 1994 the motilar used qualitative approach in the
social sciences according to Denzin and Lincol®4)9 It was developed in 1967 by Barney
Glaser and Anselm Strauss, both sociologists bth wifferent backgrounds in research
methods (Jeon, 2004). Glaser of Columbia Univerbigyl a background in quantitative
techniques, whilst Strauss of Chicago University wamarily linked to qualitative methods
(Glaser and Strauss, 1967). The theory was desélaphilst the two researchers attempted
to bridge the gap between different research thearsing logical deductive reasoning (Jeon,
2004).

The name grounded comes from the aim of the newryht® be fully grounded in the
research findings without any influence from theearcher’s beliefs or ideas or any other
theories that exist on the same matter (Looseni®®9). Grounded theory is an approach
for producing theory that explains social phenonmetiat is grounded in findings that have
been the result of continual, simultaneous and rleymised collection of data and the
analysis of it (Glaser and Strauss 1967).

Grounded theory aims to ‘elicit fresh understandiafpout patterned relationships between
social actors and how these relationships andaatiens actively construct reality’ (Glaser
and Strauss, 1967; Suddaby, 2006). It builds weva theory from data collection with an
understanding that it is not to be influenced bysththat already exist on the same subject
area. Grounded formal theories are described IagegBland Strauss (1967) in Sonali and
Corley (2006) as something that has arisen fromna@ptual area of sociological inquiry e.g.
behaviourism, socialisation. Glaser and Straus§{)l8elieved that to get to this grounded
formal theory it was preferable to link substantiieory as this provided a focus as well as
early direction in the research.

The method lies within the interpretivist philosgpéind aims to produce qualitative data to
develop theories that provide an understandinghef éxperiences of people from that
particular person’s perspective, social actions@oedesses (Schwandt, (1997) and Robercht,
1995). Interprativism is a social science whichikenpositivism and functionalism does not
focus on the generation of hypothesis but insteadlmservation and description of actions
(Silverman, 1998). It does this through an undeditegy and commitment to research that
focuses on the meanings and concepts produced &gl stors in real settings and the
rejection of rejection of a priori theorizing (Geph 2004: 457 in Suddaby, 2006, Locke
2001). As the name suggests Interpretive resageb the interpretations of social actors of
certain phenomenon to understand that phenomenoa crearly (Sonali and Corley, 2006).
Interpretivists are fully aware that interpretagoaf a particular phenomenon can differ
greatly between social actors, and therefore ertbatanformation is collected from as many
different social actors as possible in a thorougth @accurate way (Denzin and Lincoln, 1994,
Robson, 2004). From the different interpretatigashered the researcher will then make
sure they have a clear understanding of each amd this acquire an understanding and
interpretation of the phenomenon of their own. Tiesearcher will ensure that the
interpretation they give for the phenomenon cameteted to current theory, and is not only
understood by all those who gave their own integti@ens but also by those who are unaware
of the phenomenon and have no background knowlg@gmali and Corley, 2006).
Interpretive data analysis should provide the nesea with rational and credible
understanding of a phenomenon.
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It is important when undertaking grounded theorsesech to observes rather than tests an
existing hypothesis. Suddaby (2005) identifies enber of ways that can help a researcher to
avoid this:
* Research should focus on more than one key aresstpgesent in everyday life;
* The researcher should always be conscious to ttetlat they and their research
could be affected by their views and beliefs ofsbbject they are looking at; and
* Remembering that this research is about new theeaneelaboration of existing ones.

The background of grounded theory gives an undailstg of where and how the theory was
derived; for a full understanding the practicabfithe theory must also be described, the next
section will go into this in detalil.

3.1. Grounded Theory: The Process

Grounded theory is a process that involves a numiferkey features that occur
simultaneously throughout a study. However thee many different variations of the
process and the steps that should be undertakdrerefére when undertaking grounded
theory the researcher must decide upon the roataglgoing to be taken and stick to this to
ensure the research is grounded (Hunter et al 2008)) the purposes of this paper and from
a literature review of the different processesdteps as identified by Jeon 2004 from Glaser
and Straus 1967 will be used. It was felt thatséhsix steps encompassed the process
developed by other authors, and each step coutdfeeenced by Glaser and Straus which is
important as they developed the theory. The spsstargGlaser, and Straus, 1967, Jeon
2004):

1. The question 4. Coding and categorising,
2. Theoretical sampling, 5. Memo writing
3. The constant comparative method, 6. Theory geoerat

Although it is important for all of the above 6 feses to be worked through for effective
grounded theory research, the research must hieléew changes that may occur in terms of
resources and time. Due to the possibility of gesnit is important that a log is kept
throughout the study detailing any decisions omges that are made (Jeon, 2004). These
features will now be further explored:

1) The Question

As previously discussed grounded theory aims taterenew formal theory from an
Interpretivist approach. Therefore it is a thebgst suited to answer some questions
rather than others. The questions it is most duibeare ones of an exploratory nature
(Glaser and Strauss, 1967; Yin, 2003, Suddaby, 2006

2) Theoretical Sampling

Sampling is a very important part of any researathod due to the influence it has on
the validity and reliability it has on research.hebretical sampling within grounded
theory is data gathering that aids the developrokattheory (Jeon, 2004). After the data
is gathered it is analysed and it is from here thatresearcher can then target where to
undertake data collection next in order to suppord developing theory (Glaser and
Straus, 1967 and Locke 2001). Therefore theotetaapling is not static, it is used and
flexible throughout the study, building from ondalaollection exercise to another. Here
the constant comparative method can be used tdagetree theory through the data that
is collected from one sample to the other (JeoA420To help establish the limits of the
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theory and to ensure it is applicable to differemtexts the researcher may chose to test

the theory is different contexts, with differentrgales (Sonali and Corley, 2006).

3) Constant comparisons.

Constant Comparison is the constant comparisondegtvinformation gathered in four

simultaneous stages, they are (Sonali and Corl286,20p. 8):

a. Comparing incidents applicable to each categorte(raies will be later defined),
b. Integrating categories and their properties,

c. Focusing the theory and,

d. Writing the theory

Glaser and Strauss (1967) argue that it is impbrtaruse the constant comparative

method throughout grounded theory research adoiwvslthe researcher to understand

what is being observed whilst identifying causdhtienships (Locke, 2001). Glaser and

Strauss (1967) and Jeon (2004) point out thatntiehod can also help to make research

researcher more rigorous, enabling the researtineughout the study to compare and

guestion findings helping their understanding & $study area. The method at times will
take the research in a different direction or wilbvide evidence that another area related
to the phenomenon needs to be looked into at grdatail (Jeon, 2004). Due to these
reasons it can be said that comparative analysisngrounded theory provides a fuller,
clearer and more precise understanding of a phemamand hence a theory of much
strength and validity, grounded within rigorousalesdllection and analysis.

4) Coding and categorising

This phase can be seen as data analysis of thedatav It takes place throughout

Grounded Theory and is especially important dugogparative analysis. It is during

this stage that the quality of the theory being elieped is verified and established

through data analysis (Strauss and Corbin, 1998 Strauss and Glaser, 1967). The raw
data from the study is coded. There are diffeceding processes that take place they are

described below (Hunter et al. 2005).

* Open codinglnitial categories of information are developadugh the data
gathering.

» Axial coding The data gathered is coded and a coding paragigiaveloped. This
paradigm identifies the central phenomenon to @oeed whilst exploring causal
conditions and identifying the strategies for taegarch with an understanding of the
context it is in.

» Selective codingCatergories identified are integrated into th&kgoding model. It
is here that the ‘core catergory’ from where thbeeotcatergories are built upon is
identified.

This coding occurs simultaneously with Theoreticatling which identifies the links

between the codes and the developing theory (Gld€ef8). The groups that are

identified are not necessarily the same conceptshey may instead represent activities
directed toward a similar process (Pandit, 199H)rough the process of coding the data
collected can be used to support the developingryheThe whole process according to

Glaser (1978) is vital to developing a theory tleah be used to make sense of a

phenomenon, as it is through this core categonyttieadeveloping theory and other ideas

evolve (Jeon, 2004).

5) Memo writing.

Memo writing or a log is a vital part of grounddteory and is a way of keeping track of
the research being undertaken, in particular arangés that occur and the effect that
these changes have on the study. Glaser (19783)ppt8tes that ‘memos are the
theorizing write-up of ideas about codes and theationships as they strike the analyst
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while coding’. It acts as the link between thefatiént parts of the grounded theory
process.

6) Theory Generation
Throughout the process, through all five previdieps theory is being generated.

The six steps of grounded theory have been exmlaasehas the reason for them, adding
validity and rigorousness to the research; howeyeunded theory is not without its
criticisms. Below are just some of these (Pardidif6, Allan 2003, Hunter et al 2005)

+ It is extremely time-consuming.

« Long periods of uncertainty.

« Management of the coding and catergorising process

» Software does not always code the data fully

* Collecting data from on-line databases is expensive

» Coding is complicated

* A grounded theorist must be rigorous in interviegvand analyzing or the theory will

be greatly flawed

A large criticism that has come through the literatis the ambiguity of the process. As
previously stated there is not one clear procedseaen the originators of the process Glaser
and Straus are not in agreement of some of theepses within the theory (Allen, 2003).
The ‘Glaserian’ approach to the theory is thahtdd begin without any presumptions of the
area allowing the ideas to emerge through the riggli(Easterby-Smith et al, 2006, Glaser,
1992). Whilst the ‘Straussian’ approach is thatt taven though Grounded Theory focuses
on the development of new material it is still mm@ant when that one is fully aware of all
the material that exists on the issue being adddegSonali and Corley, 2006; Suddaby,
2006). This ambiguity creates confusion from théset, consequently research can become
inconsistent and careless.

With the background, process and critique of graghtheory given the paper will conclude
with discussion on the potential use of GroundedoFh within healthcare infrastructure and
the scope for future work and papers.

4. Conclusion: The Potential of Using Grounded Theory in Healthcar e Infrastructures

The healthcare system is turbulent, complex angtagawith multiple complex systems
nested within it (Sweeney & Griffiths, 2002). Inargcular the study of healthcare
infrastructures provides an experimental terraiat tban hardly compare with any other
sector. Increased investment in healthcare infresire and the use of financial and
procurement have increased the complexity of aeadly negotiation-based system. The
number of stakeholders has also increased withgatfisant clarity existing on their roles
and responsibilities. This coupled with a policyaopatient-led NHS and commissioning the
NHS, has meant that new real-world situations hewmerged that are still in a state of flux
with limited empirical data. It can be argued thigditional approaches to sensing and
solving problems and issues within this environmemet not wholly adequate. It can also be
argued that Saunder’s research ‘onion’ has itstditi@ns in such an environment where the
iterative cycles between developing and implementesearch strategies and data collection
happen much more frequently and at a faster patebécause of this that it would seem that
grounded theory would be most suitable for the ystodl healthcare, and in particular
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healthcare infrastructures when real world phen@meeed to be addressed. Grounded
theory would potentially be able to deal with thegure of healthcare infrastructure through
being modifiable (Wuest, 2000). Also its ability discover new areas, go into great depth
within these areas, obtain information from mangkeholders and produce an unbiased
picture of the real world makes its potential fealihcare infrastructure research great. It is
already used by a number of researchers in the stiidifferent areas within healthcare, it
Sharrock and Happell (2007) study into the expeeensf mental health nurses, Wuests 2000
study into helping systems within healthcare andd$eand Williams continued research into
Alzheimer’s; and was originally developed by Glaaad Strauss (1965) when investigating
dying patient. The next stage of this study igligcuss and go into greater detail about the
use of Grounded Theory in the different areas withealthcare such as management,
organizational, knowledge transfer etc.
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Abstract:

For two years now, Rijkswaterstaat, an agency ef@utch Ministry of Transport, Public
Works and Water Management, is required to haweamdéial administration, which is based
on accrual accounting principles. This involves tise of a balance sheet and the equivalent
of a profit and loss statement. These documentshvalbasis for planning and controlling of
public spending. The question to be answered id: itNbe possible to calculate a ‘generally
accepted’ value for infrastructure over its useifigd by using sound accounting principles?
The research is based on economic and accountiegrythas applied internationally.
Preliminary results indicate, that existing accaumtprinciples are suitable for use in
infrastructure management, enabling better condfopublic spending on infrastructure.
Interviews with infrastructure providers in the Netlands show that the transition towards
an accrual-based administration will take more ttimen planned. Further test cases will be
used for verification.

Keywords:
Accountancy, asset management, infrastructuregyitée costing, valuation.

1. Introduction

Infrastructure networks, such as for land basedspart systems on land, represent vast
investments, made over many generations by bothicpabd private sector organisations.
Rijkswaterstaat, the Government agency responsible road infrastructure in the
Netherlands (infrastructure provider), has a progne of activities to keep road
infrastructure in optimal condition pertaining toaimtenance, repair, renovation and new
construction. As an agency Rijkswaterstaat is sibj® special rules to increase
accountability (Hoek 2005). The Supreme Audit logibn stated that the introduction of a
financial system based on accrual accounting (AkygrRekenkamer, 2000: 13) is expected
to lead to:

1. Improve the effectiveness of allocated budgets by:
a) Providing insight in the life cycle ¢®®f policy decisions.
b) Allowing a more efficient making procdss investments.
2. Improve the budget allocation process.

In line with these expectations, the Government leamszes the need to employ the best
management skills, processes and practises awgilabbrder to ensure that infrastructure
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related services are delivered economically aneelfimPart of this recommendation is an

exploration of the application of asset managemnmeethods and techniques in the Dutch

situation. Valuation of assets at market value ng @aspect of asset management being
explored by this research paper.

Will it be possible to calculate a ‘generally acteqli value for infrastructure over its useful
life by using sound accounting principles?

The research is aimed at the following:

a) To highlight the relevance of road assetatabn with respect to the needs of users
and providers, like Rijkswaterstaat;

b) To identify benefits of valuation as an assahagement tool,

c) To make suggestions for valuation techniquesdad infrastructure.

The research is based on literature research. is&idn of the results are based on
interviews with key personnel at infrastructure \pders and government agencies. In this
paper, concepts like asset management, valuatibaepreciation will be highlighted.

2. Asset management and valuation

2.1. Asset management — scope and definition

In Australia and New Zealand public sector refonrmthe area of financial accounting
resulted in requirements for enhanced financiabripy. This led to new rules for valuation
and depreciation of assets. These initiatives deditlespread interest in asset management
and planning and can be an example for agencig®iNetherlands, although the situation in
the Netherlands is quite different from Anglo-Saxamtext (Ingenium / NAMS Group,
2006).

In the USA the Federal Highway Adminiswat (FHWA) has established an Asset
Management Office. In Australia and New Zealandadsrare combined produce guidance
for professionals in the NZ National Asset fdgement Steering Group (NAMS) and the
Institute of Public Works Engineering Australia \MEA).

The World Road Association (PIARC) has adopted aBCD definition of asset
management, which in turn was derived from a FHVéArtdtion, viz:

"A systematic process of effectively maintainimqggrading and operating assets, combining
engineering principles with sound business practind economic rationale, and providing
the tools to facilitate a more organised and fléxibpproach to making decisions necessary
to achieve the public's expectations."

These broad definition boils down to the followimgad asset management means managing

a road network (roads, bridges, traffic facilities¢) to satisfy the requirements of business
and private road users, at the lowest possiblemasta long period of time.
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The main phases in asset management are:

» Identification of need for the asset, in the lightommunity requirements;

* Provision of the asset, including its ongoing manance to suit continuing needs;

* Operation of the asset;

» Disposal of the asset when the need no longerseaisit is no longer appropriate for
the asset to be retained.

Asset management includes elements focused ontd#ol) the delivery of community
benefits such as accessibility, mobility, econodegelopment and social justice.
Rijkswaterstaat has started the PIM project (RarProgramme Infrastructure Management)
in cooperation with the UK Highways Agency and Etemish Infrastructure Agency to look
for best practices and to implement these (PIM rtriégorogramma Infrastructuur
Management, 2006).

Infrastructure providers in the Netherlands arelemgnting new administrative systems to
improve their transparency and accountability. \@ttn of the assets under their jurisdiction
is one of the requirements. Asset valuation isyaéement of asset management. Carrying
out asset valuation requires the following (FafidHaas, 2000):

a) A management framework;

b) Adoption of an accounting basis and methodologyafdually valuing assets;

c) Performance indicators and depreciation functiar@esformance models for
calculating future asset values;

d) Information systems for reporting network conditenmd asset value.

Rijkswaterstaat is aiming for better asset managénre which systematic maintenance and
valuation plays an important role to provide appiate management information in order to
optimise total life cycle costs of the Dutch roadwork.

2.2.Valuation

Austroads, the association of Australian and Newvald®l road transport and traffic

authorities produced a great number of documeniacibtate the development and provision
of Australasian transport. Research has shown vhatation plays an important role in

enabling reporting of the physical condition of tread network in monetary terms. In

addition, valuations help asset managers to infonmers about the effects of current levels
of financing and management strategies.

Part of the framework for asset management is showiigure 1. The asset management
process relates information about road use, invasisn standards and physical treatments, to
public’'s expectations (needs). In the end, thetasaee a means to deliver value to the
community, and especially to road users.
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Fig. 1 The role of valuation in asset management
(Austroads, 2000: 2)

The valuation process is shown and identified aasset management tool. The maintenance
strategy and budget options can vary from elimnmatall performance defects to doing
nothing at all. Based on asset condition and asgentory, valuation can take place by using
‘costs to restore’ or ‘current replacement cosés,is indicated by international standards,
laws and agreements (Austroads, 2000: 8). Mostnizghons use standards, which find their
basis in the International Financial Reporting 8tads. The IASB

(International Accounting Standards Board) - bagedlondon — is committed to develop
global accounting standards that provide transpaed comparable information in general
purpose financial statements (IASB,2003:1). The &omental Accounting Standards Board
(GASB) is currently the source of generally accd@ecounting principles (GAAP) used by
State and Local governments in the United Statésdrica.

2.3. Several approaches to valuation

Local legislative requirements (laws, acts) detaanthe valuation and depreciation of public
entities. E.g. in New Zealand, the Local Goweent Act 2002 (NAMS Group, 2006:2.2)
states:
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“A local authority must manage its revenues, expsnsssets, liabilities, investments and
general financial dealings prudently and in a mantteat promotes the current and future
interests of the community”

Valuation and depreciation of assets must be uakiemt in accordance with the relevant
financial reporting standards, primarily the Intional Accounting Standard 16 — Property,
Plant and Equipment (IASB, 2003). The objectivelAS 16 is to prescribe accounting
treatment for property, plant and equipment so tisars of financial statements can discern
investment information. The principal issues are tlcognition of assets, determination of
their carrying amounts, deterioration charges amghirment losses to be recognised.

Valuations of any type require the valuatorapply one or more valuation approaches
(NAMS Group, 2006: 2.3). The valuation approachasdetermining a market value (the
estimated amount for which a property should chdragels) include:

a) Sales Comparison Approach;
This approach considers the sales of similar orssitilte properties and related data,
and establishes a value estimate by the processmparison.

b) Income Approach;
This approach considers income and expensa daating to the property being
valued and estimates value through the prooésapitalisation or discounting of
cash flow.

c) Cost Approach;
This comparative approach considers the padgsitthat, as a substitute for the
purchase of a given property, one could constrambther property that is either
a replica of the original or one that could providgual utility.

It is noted that the cost approach to valuaticiypscally appropriate for infrastructure assets.
The cost approach is based on the cost ofodeping the asset as an estimate of its fair
value. The rationale for this is that if the asset:

* can be reproduced;
* provides the utility or service expected of it;
* is in its highest and best use.

Then, potential buyers will pay a cost-raflajgrice, which is equivalent to the cost of
reproducing the asset themselves.

2.4. Depreciation methods

In practice, the cost approach to valuatialso involves an estimate of depreciation.
Depreciated replacement cost is an applicatiorhefdost approach used in assessing the
value of specialised assets for financial reporpugooses, where direct market evidence is
limited or unavailable. Infrastructure is clasgifias a non-current tangible asset, because
infrastructure will be used during more than oneique (e.g. one year). The majority of
infrastructure assets covered by the guideline$ (18) will be of a specialised nature and
will therefore be valued using a depreciated regpiaent cost approach. Infrastructure
consists of several components with different serlives. These components are crucial to
the accounting for and the depreciation of the tassé its valuation. Expert judgement will
be required to decide how different components ahglex items of infrastructure are
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accounted for.

In accounting terms, depreciation is the proportmin an asset consumed during an
accounting period (e.g. one year). Infrastructgregen as a non-current asset, which has a
useful life extending more than one accountingqeerAccumulated depreciation is the part
of the original cost of a non-current asset, whials been treated as an expense in successive
profit and loss accounts. Accumulated depreciattberefore, is a measure of the loss of
service potential of an asset since the asset @gasrad or constructed.

The purpose of depreciation is to know the net obst fixed asset over time. The basis for
depreciation differs from place to place. Even witbne country, like Australia, there are
differences. Some objects are depreciated on d¢ond#nd some will use the age of the
construction (the service life). The depreciatiamve is in some cases (traffic signals) a
straight line or parabolic (bridges) over the ecuiwlife of the construction as can be seen in
Table 1.

Table 1: Depreciation methods in use (selection)
(Austroads, 2000: 18)

Roads Bridges Traffic signals Street lighting
Condition based, | Parabolic (age Straight line, Straight line. 50
using 4 categories squared). Steel, | different lives are| years
of roads. concrete 70 years assigned to
Pavement different
management Timber bridge 25| components from
System is used tg years 11 to 40 years
calculate
accumulated T-Beam 50 years

depreciation as
the estimate of

cost of restoring
pavement to “nea
new” condition in
one year.

Historic 250 years

rMajor 100 years

Australian Accounting Standard AAS 4 (AASB 1021 kfeciation’ specifies that entities:

» Should depreciate assets on a systematic basistmrieuseful life;

* Apply a depreciation method which reflects thegrat of the asset’s future economic
benefits;

» Estimate the useful life of a depreciable agsetassessing physical wear and tear,
obsolescence, and legal or other limits for the@ssise;

* Review depreciation rates and methods at leastadliynu

Until recently, infrastructure objects were not depated in the Netherlands. The
maintenance strategy was solely based on inspsctibrcan be argued that a properly
maintained road has a virtually unlimited life. the United States, financial reporting
guidelines issued by the Governmental Accountiran&@ards Board (GASB) recognise that
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some infrastructure assets, such as roads, haeeydong live expectancy (as the Via Appia
in Italy shows). Asset depreciation should be aggpbnly to those parts of the infrastructure,
which are subject to wear.

Accumulated depreciation in the context of an asseh as a road network is an indicator of
the future cost of restoring the network from itegent condition to an as-new condition. In
order for accumulated depreciation to be a reliabéagement tool, a robust depreciation
model is essential. Some assets (road pavemenisheaestored to an as-new condition
through physical treatments. But restoration is @oanomical for all assets. For instance,
pavement generally exhibits a non-linear detenionmatpattern, due to traffic loading,
pavement age, and variations in quality of consimaccomponents. Engineering information
will be necessary to determine the deterioratictepa.

*—— Initial level V\Restoration level
I
I
I

+— |nitial investigation level

I
*—t— | oss of optimum service conditio

I
Good - Public acceptance wanes

N Optimum rehabilitation level
Fair
Poor End of optimum service lifé

20 |~ End of effective service life

Very poo End of usable structural lifé
l I

100

-
-
<
[:=]
[=]
=]

o
=
]

CONDITION RATING (%)
s 2
|

Essential intervention or
reconstruction required

* Untrafficable

=—— |mpassable

AGE ’

Fig. 2 Pavement deterioration curve
Source: (Austroads, 2006)

Some assets lose service potential through tedholmsolescence, rather than through a
deteriorating condition. Especially electronic gohtequipment is subject to losing service
potential through technical obsolescence. In thaases condition based depreciation is not
appropriate. Instead age based depreciation cowddlge solution, as can be seen in Table 1.

3. Possibilities of valuation in the Netherlands

The impressive international literature on infrasture accounting topics indicates that the
accounting standards will be applicable in the Md#nds. IAS 16 is available for financial
reporting of accounting infrastructure. The valoatof infrastructure assets can be based on
the calculation of DRC — Depreciated Replacemerst,Gehile depreciation calculations can
be based on several methods as long as they ntegtational standards. In the Netherlands,
pilots in the PIM project will indicate what is sable for Dutch circumstances.

Research has been carried out through interviewskeyf personnel of infrastructure

organisations, such as traffic managers, finarstaff members and strategic officers of the
Ministry of Ministry of Transport, Public Works and/ater Management. The Tasmanian
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Audit Office reports that a significant range ofagtices and policies being applied to the
financial reporting of road assets (Jeff Roorda Asdociates, 1998). Indications are that the
same goes for the Netherlands, obviating the neestdndards.

In the Netherlands there is no general agreemenadsigning lifespan to infrastructure in
valuation matters. International literature indesathat a ‘standard’ economic life for each
category is not recommended since economic lifeerh road is the product of past and
future maintenance, strategy, climate and topograptnstruction standards and traffic. The
recommended strategy is that infra providers aeatiie economic lives of their assets and
corresponding depreciation charges and be ablepiaia differences and changes over time
and show how their economic life is derived. Theaten in economic life should continue
to be reviewed because road assets are a majaci@haesponsibility for infra providers like
Rijkswaterstaat.

The Netherlands has a road asset base, whichteeflee large building programme of the
past decades. In comprise many sophisticated laistals like traffic information systems
and tunnel installations. Future funding requireteefor retention of these assets might
increase markedly in the next ten years. Regionsreva large proportion of road networks
approaches the end of their useful lives shouldaus&luation and depreciation methodology
that estimates the remaining life of the assetintaknto account local variations such as
climate, traffic, condition and maintenance levels.

Some complicating factors should taken care ohleyifra provider.
Such as:

1. The capitalisation and financial reporting iafrastructure assets is a new concept.
Concerning an administration based on accrual actocay RWS is still in a transition
phase;

2. Rijkswaterstaat does not have the resources expertise yet to carry out asset
management activities, necessary to provide aceasset inventories and valuations.
Asset information is therefore either minin@l fragmented and still difficult to
access;

3. Asset management and public reporting of consumpifothe service potential of an
asset often have a low priority. The onhformation available is that which is
perceived to be necessary for minimum statutorypti@mnce.

4. Discussion and conclusions

The question to be answered is: Will it be possiblealculate a ‘generally accepted’ value
for infrastructure over its useful life by usingusal accounting principles?

As a result of researching literature and intervignexperts the following conclusions may
be drawn about applying asset management, includihgtion, in the Netherlands:

 There is substantial experience with asset managered valuation in some
countries, especially Australia and New Zealand tlaa be used as reference for the
Dutch situation;

* An administration which is based on the principtésfull accrual accounting, is a
requirement for successful implementation of ass#hagement in the infrastructure

306



business;

* The International Financial Reporting Standardserofufficient opportunities for
implementation of standards for valuation and depten of infrastructure in order
to realise effective financial statements;

* In the Netherlands, several pilot projects are stigating the implementation of
infrastructure management, but none of them haadesesl full accrual accounting;

* Experts state that Dutch agencies are still insiteom to make use of valuation
techniques on a regular basis;

* International expertise can be useful for applymtuation techniques for Dutch road
infrastructure.

The projects in the Netherlands indicate that tlamdition of cash based administration
towards an accrual accounting based administratiiintake more time than planned. It
would be worthwhile for infrastructure providers itcrease their expertise in the field of
accounting standards and business administration.

AMI — Asset Management Initiative — is a programimewhich the following parties
participate: the Delft University of Technology,etlfErasmus University, infra providers
(Rijkswaterstaat, ProRail) and 25 contractors.i€iggtion of these organisations in the
AMI-programme will be of utmost importance for ingphenting methods and techniques,
strategies en reporting standards in governmemcee
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Abstract:

Traditional building’s appraisal, which considerdyoeconomic returns, does not adequately
and readily consider environmental effects, soaat] environmental issues. This approach is
shown to be no longer feasible. Buildings have rgléife, so any improvement in their
appraisal techniques can reduce their future enmiemtal impacts and can satisfy the
requirement of sustainable development. The suatdity indicator includes financial return,
energy consumption as well as social and envirotaherssues in decision-making
framework.

Keywords:
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1. Sustainability in Building

The interpretation of sustainability in building shgone change over the years. At the
beginning, the accent was on how to deal with Behitesources and on how to reduce the
impacts on the environment. Later, the accent watechnical issues — energy related design
(passive houses, low energy houses), construceehnblogies, buildings components,
materials. Presently, the accent on soft issuesustainability is growing. There are the
economic, social, cultural issues, and culturaithge, that gain ground.

According to CIB, outside and inside factors aff¢éioe use of sustainability concept in
building and construction, there are:

e quality and property value,

* meeting user needs, flexibility, adaptability,
» prolonged service life,

» use of local resources,

* building process,

» efficient land use,

* water saving,

» use of by-products,

308



» distribution of information relevant to decision krag,

* immaterial services,

» urban development and mobility,

* human resources,

* local economy.
Three pillar of sustainability characterize the taumability development and, in the strict
sense of the conception, the sustainability bugdamd construction according to the new
approach in a global context, there are:

* quality of environment (internal and external),

* economic effectiveness and economic constraints,

» social equity and cultural issues.
The Figure 1 illustrates the process of traditiogadjineering concept. Traditional building
process focuses on cost, time, and quality. Im#he concept, the impacts on environment -
limited resources, emissions quantity and typedibg&rsity are considered. In the global

context, the economic, social, and cultural isaarescounted together with the environmental
issues.

Social equity
and cultural
issues

Economics
constraints

Environmental
quality

Fig. 1. The New Concept of Building Process in Gldbontext
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Sustainable construction is considered as a waghBconstruction industry to contribute to
the larger effort of achieving sustainable develepm

2. The Buildings Appraisal

2.1. Traditional approach to buildings appraisal

Traditional approach to buildings appraisal is blasaly on financial return. Net present
value, recovery of investment, internal rate ofumetare calculated and represent only
economic point of view on building or project. Tr@mhal project appraisal does not
adequately and readily consider environmental effew therefore does not satisfy the
requirement of sustainable development.

This traditional approach to building appraisal cbe modified with life cycle cost
calculation. The life cycle costs are the cost btidding over its entire life. Life cycle costing
(LCC) is a method for analyzing the total costlod facquisition, operation, maintenance and
support of a building throughout its useful lifendaincluding the cost of disposal. This LCC
analysis can provide important inputs for the deaisnaking process. Classification of life
cycle costs can be:

* investment, maintenance, repairing, reconstructioogernization, disposal — the costs
associated with technical parameters of building,

e energy, cleaning — operational costs
* realty tax, insurance, property management — adinative costs.

It is evident, from this classification, that thppaoach to building appraisal using the life
cycle calculation considers energy consumption. Fbeial and cultural issues are not
considered.

2.2. Sustainability approach to building appraisal
Sustainability approach to building appraisal has cbnsider quality of environment,
economics constraints, social equity and cultusales. Proposed building appraisal using
sustainability index includes the following fouiteria:

» financial return,

* energy consumption,

» external benefits,

* environmental impact.

The four criteria and their sub criteria are meaduby different methodologies and in
different units. Transformation into a common dimien or common dimensionless unit
using standardization procedure is necessary.
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Criteria can be individually weighted to reflectrppaular client motives and community
requirements. The weight depends on the requirenddrihe client and other stakeholders for
each project and the importance of the facilitupport of the missions, goals, and purpose
of the organization, or in support of the objectivef an individual or family. Different
methods can be used, such as paired comparisdmnganating, etc. The Figure 2 illustrates
the evaluation matrix.

Criteria Alternative of Project Weights
PP R .. Pj
C]_ W1
Cz W>
C3 W3

Criterion scores

Ci Wi

Fig.2. The Evaluation Matrix

2.3. The Sustainability I ndicator Model

The criteria can be incorporated into a decisiorkintamodel. The sustainability indicator
model can be expressed as follows:

m
L =>V,w,  (=1,...n)
j=1
wherel; is the sustainability indicator for an alternatlyay; is weight of criterion, V; is the

value of alternativé for criterion].

V, = f(BC,EC,EB,El))

whereV; is the value of alternative BC is financial return, it means benefit — costia
during the life cycle of buildingizC is energy consumptiof;B are external benefits arkl
are environmental benefits (impacts).

Benefit — cost ratio during the life cycle of burg can be expressed as follows:

LC
> B /(+r)!
BC =10

> .C /@+r)!
t=0

whereBC is benefit — cost ratid® are benefits during the life cycle of building,are costs
during the life cycle of building;, is discount ratd, is time,LC is life cycle of building.

Energy consumptioreC consists of embodied energy (manufacturing enefgjpuilding
materials and component, energy for transportagaergy used in processes) and operational
energy.
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External benefit€B consist of functional and technical layout, maiatece, economic and
process performance, aesthetics impact, heritagsepration, social benefits. External
benefits can be, for example, rated using formula:

EEszzj“ujivj

j=1
whereU; is the value of an alternativéor sub criterion, vj is weight of sub criterion
Environmental impacg&l consist of manufacture (recycled materials, hamasdmaterials,
greenhouse gas, pollution, manufacturing waste$jgde(evaluation of products, energy
consumption, energy efficient), construction (aimdanoise pollution, water run off,
construction waste), site context (groundwaterunat rare/endangered species, transport

system, traffic noise, access to site), disposabn{mecyclable waste, demolished
waste/materials).

3. The Proposal of Criteria - External Benefit

3.1. Functional Benefits
Functional benefits describe and assess how wilitees and processes can be performed in
the building. Functional benefits are closely retato the needs of the building users and
others — visitors, public community. Criteria ind&i

» suitability of the surface and space program fanptl use,

» accessibility, barrier-free design,

» adaptability to changing user requirements and, etes

3.2. Technical Benefits

Technical benefits describe structural, physical ather technical characteristics. Criteria
include:

» suitability for planed service life,

* load capacity,

* maintenance and revitalization capability,
» structural resistance to fire,

» control of noise transmission,

* heat insulation, etc.
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3.3. Social Benefits
The description and assessment of social benaifitde based on criteria:
* health, comfort and safety of users, visitors,dests and neighbours of the building,

* building’s cultural value, etc.

3.4. Process Ben€fits

The overall building performance is influenced Wye tquality of processes involving
planning, construction, use and facility managemdiite description and assessment of
process benefits can be based on criteria:

» quality of planning,
» quality of construction on site,
* quality of management,

» quality of building related services, etc.

4. Conclusion

The parties involved in the building process eaelieha specific scope of interests with
various resulting information requirements. Eachit@ actors involved view and assess to
building differently. The investor is primary ingsted in the economic point of view. The
user and facility manager have an interest in dpgyacost. Authorities and regulators are
interested in environmental impacts because ofnégrast in protecting the environment,
health, safety, security, fire, and compliance witirent codes and regulations.

Traditional building’s appraisal considering onlgoaomic returns, does not adequately and
readily consider environmental effects, social, @mdironmental issues. This approach is
shown to be no longer feasible. Buildings have rgléife, so any improvement in their
appraisal techniques can reduce their future enmiemtal impacts and can satisfy the
requirement of sustainable development. The suatdity index includes financial return,
energy consumption as well as social and envirommheissues in decision making
framework. Presented project (building) appraisaksd adequately and readily consider
economic, environmental and social effects andefbee does satisfy the requirement of
sustainable development.
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Abstract:

Information relating to Malaysian education in Hiéieis Management (FM) is difficult to
come by and has led to a less than comprehensderstanding of the current market in the
minds of FM practitioners. As a fast developing mioy, Malaysia spends billions of
Malaysian Ringgit (RM) to build world class faddis. Though the prospects of FM seems to
be raising due to the accomplishment of Vision 202@ce 1997 the development of
certified FM education programmes has been forneedope with the current and future
demand of FM. Efforts towards FM excellence, pattdy in the Higher Education Institute
(HEI), have not been advanced and progressed itleata programmes or Research and
Development (R & D) activities. Furthermore, thé&ealso a lack of awareness within the
area of built environment about the importance BF disciplines and skills to be applied.
For these reasons, considering the importance tadnad physical and human development,
the Universiti Teknologi Tun Hussein Onn MalaysiiTHM) has started to establish FM
academic programmes and to develop the Centre céliExce of Facilities Management
(CEFM), as well as the Malaysian Association ofikses Managers (MAFM) in response
to the demand of FM practitioners in Malaysia. Befahese have been developed, a
comparative study has been prepared to understamdit s being delivered within the HEIs
and other institutions in Malaysia. Hence, thisqrgmrovides the reader with an overview of
FM education in Malaysia, particularly the involvem of UTHM, and how it has evolved
accordingly.

Keywords:
Facilities management, higher education institutighlEl), facilities management
programmes

1. Introduction

Higher education is about taking the public’s edioteto the next level: learning new things,
being in charge of choices and getting to where want to be in the future, at whatever
stage people are now and whatever age they ardé Wat advent of the K-economy, the
embracing of the concept of life long learning w&leiority everywhere because people will
have to continuously update their knowledge antisski maintain a competitive edge in the
global economy. In the field of built and human ieonment, Facilities Management (FM) is
one of the fastest growing professions in the UHKie TBritish Institute of Facilities

Management (BIFM, 2007) defined FM as “an integmatiof processes within an
organisation, to maintain and develop the agreedicgs which support and improve the
effectiveness of its primary activities”. The Imational Facility Management Association
(IFMA, 2007) then defined FM as “a profession tleacompasses multiple disciplines to
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ensure functionality of the built environment byteigrating people, place, process and
technology”. The Facilities Journal academicallynswarized FM as “a hybrid management
discipline that combines people, property and geeranagement expertise, to provide vital
services in support of the organisation. It isrested in all areas relating to briefing, design,
construction and use of facilities and in the enmgygtechnologies that support
organizational functions at the workplace” (Emey@@d07). Due to these definitions of FM,
the paper is trying to draw the emergence of FM/alaysia within the HEIs since it was
introduced in 1997. The discussions will primaelylighten on the roles of UTHM, as a new
public university towards the development of FM @lence in Malaysia.

2. FacilitiesManagement in Malaysia

Effective FM, combining resources and activitiesyital to the success of any organisation.
At a corporate level, it contributes to the deliveasf strategic, tactical and operational
objectives. On a day-to-day level, effective FM \pdes a safe and efficient working
environment which is essential to the performantcany business, whatever its size and
scope of work. In Malaysia, the awareness of thpomance of FM is not often being
discussed, either at public or private sector asgdions. However, initiatives are being
taken by many institutions to ascertain an apprdadmprove the management of national
assets and facilities management throughout themaRetrospectively, the first FM Masters
programme was introduced in Malaysia by the UniyerBechnology Malaysia in the year
1999. In 2001, the first conference in FM was orgah by this university in Kuala Lumpur.
The theme was “FM-KL. Where are We Heading?” and wansidered as the first step of
the FM programme held at international level in 8ala. In the first place, the conference
succeeded in introducing FM to the nation. The awess of the importance of FM then
created the launching of the next FM academic amogne in 2002, which the other public
university known as Universiti Teknologi MARA (UiTMalso began at the Shah Alam
Campus. In 2004, another public university knowrJasversiti Tun Hussein Onn Malaysia
(UTHM) crafted its proposal for the development itd FM masters programme to be
approved by the Ministry of Higher Education (MoHEB} present, this programme is still at
the first stage of finalisation and seeking an apal by the Senate of UTHM. Besides the
development of this programme, UTHM has been moviogvard by initiating the
development of the Malaysian Association of Fadedit Managers (MAFM) and the
establishment of the Centre of Excellence for k#esl Management (CEFM). Due to the
fact that FM is becoming more mature in Malaysast lyear, the first inaugural National
Asset and Facility Management Convention (NAFAM)sweeld in August 2007 to address
the current issues and future challenges in magagational assets and facilities. This
convention showed that the FM profession maturesaalapts to meet the demands of a fast
growing built and human environment industry. Agngeto have an annual convention on
NAFAM, the Prime Minister urged the public and @te sectors to come up with a more
effective and efficient procedural framework to toaously improve the management of
national assets and facilities. This convention wasajor revolution to the future changes
with regards to the perception of FM professiond practices in Malaysia. In the academic
world, it is particularly important for the HEIs t@ep abreast of changes in practice and use
the institutions as a proper channel and mechatossevelop a good FM academic syllabus.
Hence, the HEIs in Malaysia should perform theirction to provide an integrated approach
to professional practice and offer a strong platfan order to build a candidate’s FM
knowledge base formally.
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3. Universiti Tun Hussein Onn Malaysia (UTHM): Contribution to Facilities
Management Excellence

Originally, it was known as the Pusat Latihan Raliteknik (Polytechnic Staff Training
Centre) set up in 1993. Due to its significant rafed contribution in producing qualified
polytechnic lecturers as well as the governmentstttowards the capability of the
organization, the training centre was officiallyguaded to the Institut Teknologi Tun
Hussein Onn (ITTHO) in 1996 under the assistandgroVersiti Teknologi Malaysia and the
Ministry of Higher Education (MoHE). With the govenent's trust as a motivation, ITTHO
kept on moving ahead with excellent, creative amdovative programmes. Finally, the
inaugural announcement of Kolej Universiti Teknoldgin Hussein Onn (KUITTHO) was
made on 30th September 2000. Later, in February7,28QJITTHO has been finally
upgraded to the country’s $5public university known as Universiti Tun Husseimn
Malaysia (UTHM). It was set up with specialisationengineering, engineering technology,
technology management and technical and vocati@uaication. As the 15 public
university, UTHM has leapt to a new era and readghoulder its responsibility as a centre
of academic excellence and respected nationained with the mission of the University,
“To produce and train technologist as well as peienals who are creative, innovative,
competent and responsible and able to apply, ex@lod lead new technologies through the
world class teaching and research, based on ‘Tallf@ethe benefit of mankind”. Tawheed
means the realizing and maintaining of God’s umitgll of man’s actions which directly or
indirectly relate to Him for the benefit of universn this university, the courses relating to
built and human environment are conducted by theainent of Construction and Property
Management in the Faculty of Technology ManagemAntthe moment, three levels of
academic programme are being offered by the Degattm

3.1 Department of Construction and Property Management, Faculty of Technology
Management

3.1.1 Caertificate Programmein Facilities M anagement

This programme has been proposed by the MoHE to dpelduates in Malaysia who still
have not obtained a job after graduating. This ugigraduate programme was initiated in
collaboration with the Ministry of Finance (MoF)caknown as a national Industrial Skill
Enhancement Programme (INSEP). The aim of thisraroge is to equip current graduates
with the right competencies and innovative captédi based on their undergraduate
background. Working in partnership with the Coniingu Education Centre (CEC) at the
UTHM, the faculty members have to deliver the ceunsthin a three months period. It is
specifically designed for the students who gradliatghin the area of built and human
environment and seeking to obtain greater undedstgnof FM professional practices.
Students who attend this programme will be paidh®/ government about RM500:00€
105.00) per month considered as their monthly alove. Ever since it was introduced, this
programme is conducted every year as a nationalugta programme under collaboration
between the MoF, the CEC and the Faculty. Tablleolvs the learning outcomes and model
structure for the certificate programme.
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Table 1: Certificate Programme in Facilities Managet

Learning Outcomes Model Structure

At the end of the programme, a graduate should be able to: The: module of 1his progremne:has been developed a5

follows:
|dentify and understand the responsibility of facilities i.  English Communication and Interpersonal Skills
management i.  Entrepreneurship
i Undertake the job of a facilities manager by the iii.  Introduction to Facilities Management
' application of current technology or software iv.  Facilities Management Practice
i Apply strategic planning in facilities management v.  Facilites Management Services
* confirmed by acceptable guideline and practice vi.  Facilites Management and Business

Practise knowledge skills gauged from industrial training
in a major property or facilities management firm

* RM is Malaysian currency known as Ringgit Malaysia. RM1.00 is equivalent to €0.20.

3.1.2 Master of Sciencein Facilities and Assets Management

This programme is being developed at the post-gitadlevel which is ideal for more
experienced managers and senior management offidersvish to consolidate and expand
their knowledge in FM. The focus of attention hagib given to those who practise FM and
those who work in organisations supplying FM redageods or services within the built and
human environment particularly. The developed stibjare reflecting FM professional
practice across the Asian Countries; the Unitedgom and the United States of America,
because a comparative study had been undertakerelibe programme could be proposed
to the Senate of the UTHM. After it is approvedthg Senate then the proposal can be sent
to the MoHE for the accreditation process. The dijes of the programme are;

(1) To generate graduates in the context of FM digugliand skills to meet the demands
of a fast growing FM industry;

(2)  To formally enhance and develop the science an@mstahding of FM knowledge
and practice through academic institution;

3) To provide a platform and an opportunity for studein consolidate and expand their
knowledge at post-graduate level;

(4) To be recognised as a source of expert pool of ketye and practices in FM
academic programme towards FM excellence in Madaysi

Earlier in 2003, market research was conducteduadysthe feasibility and marketability of
the programme. A group of industry experts wastewito participate by the department to
represent various industry sectors and constitesnai the FM profession. The report then
indicated that only 3 out of 30 respondents hadnspeed students to study in this
programme. On top of that, 90 percent of resporsdeealieved that this programme can add
value into their organisation based on the striectdirsyllabus. See Figure 1 and Figure 2.

10%

10%

90%

B Have Sponsored O Sponsor o
B Not to Sponsor 90%

O Have not Sponsored

Source: Sulaiman (2004d)

Figure 1: The current sponsorship Figure 2: The prospect of sponsorship in
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The integration of theory, management, ICT, prattengineering, and mathematics and
science components also convinced them to welcoradugtes from this programme to

work in their organisation. Off the total, 90 pemt of respondents then strongly agreed to
sponsor their staff if they want to continue th&udy in this programme. Moreover, after

answering the survey questions, 50 per cent oforefgnts agreed to establish a FM unit in
their organisation. Based on the report, departnoénheetings and workshops, the main

outcome to the Department is the structure of tMeMrasters programme titled as Master of

Science in Facilities and Assets Management asiomeimnt the Table 2.

Table 2: Master of Science in Facilities and Assésagement

Programme Name Master of Science Facilities and Assets Management

Period of Programme 1% years

Mode of Study Lectures, assignments, downloadable modules, international visits
Method of Assessment Assignments, examinations, simulation projects and final project
Core Subjects Learning Outcomes

Professional Trends in Facilities At the end of the course, students should be able to understand the current professional

Management Best Practices frends, skills and knowledge relating to facilities management best practices.
[Management Component]

ii.  Quality and Value Management At the end of the course, students should be able to describe the benefits achieve through

in Facilities Management quality and value management can bring to Facilities Management.
[Management Component]
iii. ~ Economic and Financial At the end of the course, the students should be able to understand the principles, tools
Evaluation of Facilities and techniques of economic and financial evaluation of facilities to minimize risk and

maximize return on investment in relation to Facilities Management.
[Mathematics & Science Component]

iv.  Computer Aided Facilities At the end of the course, the students should be able to understand the applications and
Management & Information benefits of IT and CAFM (Computer-Aided Facilities Management) systems which Facilities
Management System Management organisations may wish to utilize for the benefits of the organisations

[Information & Communication Technology Component]

v. Facilities Maintenance and At the end of the course, students should be able to understand how to demonstrate and

Operation of Built Assets implement a managerial process of facilities maintenance and operation of built assets.

[Practical & Engineering Component]
vi.  Riskand Disaster Management At the end of the course, the students should be able to describe the principles, theories
and applications of risk and disaster management techniques.
[Practical & Engineering Component]
vii.  Environmental, Health and At the end of the course, the students should be able to understand the issues, basic
Safety Management principles, theories and applications of managing environment, health and safety (EH&S) in
their areas of responsibility.
[Management Component]
vii.  Planning and Design in Facilities At the end of the course, the students should be able to understand the principles and
Management techniques of facilities planning and design and how they apply to and impact Facilities
Management best practices.
[Practical & Engineering Component]

ix. Comparative Study on At the end of the course, the students should be able to differentiate various concept,
International Facilities Planning principles, techniques and related matters in the framework of international facilities
and Management planning and management.

[Practical & Engineering Component]

General Subjects (i) Research Methodology; (ii.) Philosophy of Science & Social Development; and (iii.) Seminar
on Development & Global Issues

Percentages of (i) Practical & Engineering Component: 50 percent; (ii.) Management Component: 38 per cent;
Component (ii.) Mathematics & Science Component: 6 per cent (iv.) Information & Communication
Technology Component : 6 per cent

Qualification Bachelor Degree with Honours in Facilities Management or relevant academic disciplines within the
built environment studies or any degree from institution of higher learning recognised by the UTHM
Senate

Source: Sulaiman (2004a)
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These subjects comprise a balance of special Fjéasband general management modules.
It is intended to provide the student with a th@towrounding in both facilities and general
management theories and practice. The Departmdm@vée that the introduction of the
syllabus represents a positive and exciting corfterfM academic development. As well as
having the full-time programme, a part time prognaenwill also be conducted. The part-
time programme may take up to two years, consistihfjve semesters. Altogether, nine
subjects will be offered, which is each tailoredte current needs of facilities managers. As
universities move towards the future, the integratiof global perspectives into the
curriculum is essential for providing a meaningiuernational understanding for students
(Spanier, 2007). Hence, the application of this rsape of curriculum can help to create
global understanding on the insight and standafdaailities management practices been
achieved in other countries or organisations. Whisdrive the student to think globally and
make her/him capable to reflect on the best foalldwilt and human environment needs.
Prior to this attempt, the final project was alssidned as a comparative international study
in which the students should experience an intemak technical visit at any FM
organisation outside Malaysia within the area oftkand human environment. The report
will be considered as an International FM Compaeaistudy and can be produced as a
dissertation. Table 3 shows the particulars on grsgramme and also summarised the
master programme offered by the public universitiellalaysia. Equally important as in the
UK, in Malaysia, the Quality Assurance Division tife Higher Education Department,
MoHE is responsible for the academic accreditanod evaluation offered by the public
universities. A code of practice entitled “Code Pifactice Quality Assurance in Public
Universities in Malaysia” has been designed to eahithat purpose and to promote public
confidence that quality in higher education is lgemaintained. It contains guidelines on
criteria and standards for higher education in Mg and the procedures for quality
assurance. It is also to ensure the HEI has seffficaind adequate resources to deliver the
course to an adequate level of satisfaction. Thafre the accreditation can be done, the
programme evaluation must also involve the goveareaand administration of the
University, the institution itself at the Facultgi®ol/Department level, representatives of
the community, employers, education and governragencies, professional organizations
and postgraduate educators nationally. As statdeedhe programme is being reviewed at
the faculty level before it can get an approvathmy Senate of UTHM. Hence, it is soon to be
accredited by this Division. With regards to praiesal accreditation, academic
programmes may be accredited for their academiwdstg or they may be accredited to
produce graduates with professional competence raxctipe, usually referred to as
“professional accreditation” (Harvey, 2004). Ptiorthis requirement, the Department is now
also preparing the document for BIFM, Royal Ingatwf Chartered Surveyors (RICS)
accreditation as well as trying to seek the IFMAognition. This exercise would be a great
benefit for the national and international recoigmitof the Department as well as UTHM
particularly.

3.1.3 PhD in Real Estate and Facilities M anagement

Until now the Faculty has produced four PhD stusleimt Real Estate and Facilities
Management since it was established in 2004. Theafb@ent is continuously welcoming
more students to join the Faculty as a PhD canelidegpecially those who are interested in
gaining further knowledge in FM and to excel thatabution to the FM knowledge through
research activities. Unfortunately, in terms of Phupervision, the deficiency of PhD holders
in FM has become an essential issue within acadenfuailt environment study in Malaysia.
Since the government encourages the public untiesdo hold at least 75 per cent of their
lecturers with PhD, the academic high-flyers in Bk still very small number in and FM
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was given a very low priority compare to the otherademic programmes such as
engineering, business and information technology.tife Faculty is trying to enhance the
FM academic courses at various levels, a diversnational collaboration has also been
made to create a better understanding from theetsities outside Malaysia such as in the
United Kingdom and European countries. Signifiognthis collaboration will help further
the appointment of external examiner, Visiting ssor and Contract Professor from the
developed countries. In the meantime, the Depaitiisealso consistently sending lecturers
to pursue their PhD in FM at well known universteround the globe predominantly for the
purpose of transferring FM knowledge.
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Table 3: Comparison of Taught Programme Structuréiie Master Programme in Facilities Managemeietredl by universities in Malaysia

Length of

Total

Percentage of Components %

Higher Education Institution (HEI) Mode of Course Study Credit Subjects - T BRE N Final Project
University Technology of Malaysia | Taught course Full time (1 34 1) Value & Risk Management [P & E] 50 15 20 15 * Student should submit
and lectures. year) and 2) Project Management [P & E] a dissertation in the
Student needs to Part Time 3.) Computer Aided Facilities Management (CAFM) [ICT] final semester
complete an (2 years) 4.) Quality Management [M]
assignment for 5.) Environmental Management & Support Service [M]
each subject 6.) Facilities Management [M]
7) Dissertation*
Faculty of Engineering and
Geoinformation Science
University Technology MARA (UiTM) | Taught course Full time (1 37 1)) Framework of Facilities Management & Research 25 25 37 13 * Student should
B REEEE and lectures. year) and Methodology [M & S] submit a dissertation in
% %NI\’ERSI'I‘I Student needs to Part Time 2) Information Technology & Communication [ICT] the final semester
< EKNOLOGI complete an (2 years) 3.) Human Resource Management & Organisational Behaviour
@ VARA assignment for ]
each subject. 4.) Value Management & Finance [P & E]
Exam is 5) Risk and Strategic Management [P & E]
compulsory for 6.) Planning and Facilities Management in Fabric Building [P &
Faculty of Architecture Planning and each subject E]
Surveying 7.) Environmental Management and Services [M]
8.) Computer Aided Facilities Management (CAFM) [ICT]
9) Integrated Simulation Facilities Management
Project/Dissertation*
Universiti Tun Hussein Onn (UTHM) Taught course Full time (1 34 1.) Professional Trends in Facility Management Best Practices 37 13 37 1 * Student should
and lectures. year) and [M] undergo an
Student needs to Part Time 2.) Quality and Value Management in Facilities Management [P international technical
T H, complet 2 Isi ’
Q ' plete an (2 years) & E] visit at any FM's
& s assignment for 3.) Economic and Financial Evaluation of Facilities [M] organisation outside
- % F1 each subject. 4) Computer Aided Facilities Management & Information Malaysia within the
37‘. = £ Exam is Management System [ICT] area of built and human
"}z o< o“c compulsory for 5.) Facilities Maintenance and Operation of Built Assets [P & E] environment. Report
? Hysge® each subject. 6.) Risk and Disaster Management [M] will be considered as an
Comparative 7.) Environmental, Health and Safety Management [P & E] International FM
Faculty of Technology Management study with foreign 8.) Planning and Design In Facilities Management [M & ] Comparative Study and
country has to be 9) International Comparative Study/Dissertation® should be produced as
completed during a dissertation.
the short
semester.

*Note:
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3.2  Centreof Excellencefor Facilities Management (CEFM)

Fig. 1. CEFM Corporate Logo

On the %' January 2004, the Centre of Excellence for FéasliManagement (CEFM) was
officially announced as one of the centres of dgoeke in UTHM. This centre is the only
centre developed with a vision to lead for knowkedbaring and development to achieve FM
best practice through innovation and cutting edgehnology across the country. The
establishment of this centre is important as sthtedlexander (1998) that “if FM is to be
acknowledged as a profession with its own rigomdigsipline, it needs to sow the seeds for a
strategy and infrastructure to promote developni€entre of Excellence” should be created
and linked into a network, to provide the focusabthis”. This statement demonstrates that a
centre of excellence is an important hub in crgaannetwork within the academic based
institutions and a particular field of professiarck as FM. The establishment of the centre of
excellence can also attract worldwide interest withe same intellectual background, multi-
disciplinary knowledge sharing (preferably compi&egt carried out by teams networking
internationally across research sites, academuysiny experts and policy jurisdictions.
Since 2004, CEFM has been trying to consolidateoits and diversify its activities across
the nation. It has been working actively to creat@areness throughout the nation about the
FM roles, skills and functions. Also, the perception FM practices have been promoted
through the national and international collabomatibat provides a ladder of opportunity to
bridge CEFM with the FM centre of excellences arieldHaround the world as well as FM
professional institutes such as IFMA and BIFM. tdiéion to this, CEFM is also trying to
build its reputation and image within public andvpte sectors organisations as well as
strengthening links with other major researcheid Bl consultants locally. Figure 1 shows
the CEFM's corporate logo. Considering the impareaof strategic and long term planning,
CEFM has laid its strategy as below:

3.21 Vision

To serve a