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ABSTRACT

The paper first discusses the different know-how requirements ofrectist professionals
at various stages of their development. It also explores the kigevieeeds of the next
generation of project managers and engineers within constructipnesénts a profile of the
repair and maintenance sub-sector within the construction sectoabédor addressing the
requirements of repair at the educational stage of the profelssidhthen addresses the role
of simulation as a delivery method for developing current and fuamgineering
professionals by advancing arguments to support current pedagagioggfwith simulation
tools such as MERIT. The paper then describes the MERIT gotetr simulation and its
perceived pedagogic benefits. The wider implication for depipyamls such as MERIT
deliver learning programmes in construction is given consideration.
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INTRODUCTION

MERIT is a web-based simulation for the construction sectoichwihas been run nationally
within the UK for over 16 years to augment the managerial decmaiaking skills of both
professionals and students. Approximately 20,000 construction graduates havieede
from the training and learning programmes that MERIT provides. |ddmming needs of
construction students and professionals reflect a wide diversity. Tmggefram knowledge
of technical functions and processes through social and managmripktencies to the use
of specific and generic tools and technologies. The argument underpihisimgper is that
simulation can potentially play a pivotal role within the construatiamiculum to address all
the diverse learning needs. The rationale of the argumentsnp#per is that current
academic programme offerings effectively address the gogila requirements of the
technical aspects for the learning needs of students. The devalopm®ERIT was
motivated by the additional skill and knowledge demands beyond the tdctoroain,
which construction professionals face up to in their working environmeaiso serves as a
means to generate awareness of the shift in the way cormtrmisinesses will have to
operate now and in the future, and the concomitant skill and knowledge neguisethis
will place on engineers and construction managers within the dggéwwood and Bane,
1990). In addition, it provides a bridging of the gap between currentugmek fskill and
knowledge requirements for working in IT-enable corporate environmehis.intludes the
growing rate of exploitation for electronic commerce (B2B &@IC, Peer2Peer and
distributed working) and attendant virtual working as opposed to workingalncorporate
environments (Levin, 1990).

The paper first discusses the different learning requiremertsnstruction professionals at
various stages of their development. It also explores the learning needs oft theneeation



of project and engineering managers within construction. The roleemdvation,

regeneration, maintenance and replacement as part of thé gigbala on environmental
sustainability is addressed. The importance of this agenda for r@peéi maintenance
community is discussed. The authors then explore the role of donukd a delivery
method for learners including a justification for the argument to stigporent pedagogic
offerings with tools such as MERIT. The paper then describesMERIT construction
simulation and its perceived pedagogic benefits. The wider inipicéor deploying tools

such as MERIT to deliver learning programmes in construction is given caigder

NEXT-GENERATION ENGINEERS

The termnext-generation engineersfers to the new breed of engineers and project
managers who are increasingly required to operate in dual or multi working envirenment
including virtual environments. While it is easy to work with artefacts in sualavirt
environments, operational and strategic decision making by project managefBcale tdi
simulate. This is because the dynamics of the decisions exercised mdieuit tbf any
project manager to fully appreciate the ramifications of the applicatioryqgdrarciples of
management. In addition, for the case of repair and maintenance, the needs aitel requis
skills of professionals are not addressed as part of their development.

LEARNING IN CONSTRUCTION

Professionals and organisations within the construction sector fagewang challenge
brought on by the acceleration of change on several fronts inclugfjo¢atory instruments,
socio-political transformation, globalisation, and competition (McCadfed Edum-Fotwe,
2000). These changes impact on their practices and marketplace @ndrpianperative on
practitioners within construction sector to be in a continuous leamodg. It also means a
re-examination of what programmes and the systems of delivelyaioing are deployed to
equip professional practitioners with appropriate and relevant conecpeteio ensure their
effective performance (Freeman and Capper, 2000). The rationaleatisindividual
professionals as well as their organisations need to leardér to adapt to their changing
environments, exploit the knowledge produced in their day to day wodkactively shape
their work and business environments to benefit their organisations (388@e Kululanga
et. al., 1999). The endorsement by the Dearing Report (Dearing, aB8@ need for this
penchant of continuous and lifelong learning clearly emphasises thabkcademia could
play to ensure continuous renewal of competencies by professionals in camstruct

Extra-construction knowledge and skills

The need for additional skills and knowledge beyond the technical reqoibsenoé
professionals in construction is widely shared by academia amutdfessional institutions.
For example, skills relating to general business managemeveliaas ICT are required for
the attainment of chartered status by the engineering profelsbmaias. These additional
skills (extra-construction or engineering) are often addressethaggement modules within
academic programmes. Management practices in general amd winstruction is still
largely eclectic. As such, construction and engineering masmager often faced with a
situation where they have to learn to apply concepts, make decism@himplement
processes on the basis of their judgement alone. This usudflyf@maknowledge and
experience that go beyond the technical demands of their basiecréacadening. Thorpe at
al. (1998) argued that current managerial practice within eegimg and construction is
undergoing step changes and places a demahygbofl skillson engineers and construction
professionals beyond their technical know-how. Similarly, Edum-Fane McCaffer



(2000) in their study of knowledge and skill factors that contributed tal¢helopment of
construction and project managers showed that they relied morhainsabest described as
softer skillsto form an essential part of their core competency withinr ti@rking
environment. Academic programmes in construction are primagbreg towards the
practical application of particular skills and knowledge in industrfgcas that mirrors the
learning and development objectives of the professional institutibhis. common objective
for the outcome of the learning experience between industry andnaieadecessitates an
alignment in the modes of delivery for learning, in order to makening activities more
effective (Goodyear, 2000).

Learning for professional development

Construction has always shared a realisation of the importarm®fetsional development
as a mechanism for fostering a motivated, skilled and adaptableoneakfThis is especially
true of the professional bodies through the administration of thensysteCPD. The
traditional options for addressing such skills and knowledge renewalnwgtimstruction
often emphasispassive and formdkarning activities, primarily because the outcome of the
learning can be readily measured or evaluated (Edum-Fotwe a@dffd; 2000). While
these are relevant in their own right given the right context, tdfan do not address
adequately the learning habits of professional practitioners and ladutiers (Ramsden,
1992; Reynolds, 1997). For example research undertaken by the Am8ocaety for
Training and Development indicated that two months after trainingaken place, adult
learners will typically remember the following levels for evél delivered through the
following modes shown in Table 1.

Table 1. Retention of training materiabgrce: Sharpe, 1999

Delivery technique Proportion of training
material remembered

Hear (chalk-n-talk) 20%

See (presentations) 30%

Say (interactive) 70%

Do (activity) 90%

The significance of th&ayandDo in Table 1 for the effective delivery of learning materials
to professionals is the need to emphasise interactivity in learning astivitie

Learning phases among construction professionals

The key learning stages of construction professionals cover fgustages of development.
These are undergraduate study (UG), postgraduate study (PGTQraposte research
(PGR), and learning within industry (LWI). Equally, the knowledge skills development
for professionals within construction can be perceived along four keyepladslearning
objectives. The four phases may occur in isolation or be repeatadmarimum of two
could occur simultaneously at various stages in the career progressiconstruction
professionals. The four key phases of learning and that predomiitiaite s@nstruction with
reference to the key learning stages, along with common methatidivéry are outlined
below. A more comprehensive catalogue of the different mechanemployed by
construction organisations to address their learning needs can beirfokintlilanga et al.
(2001). The four phases are further elucidated below.



Basic Knowledge Building (A)

This phase involves acquiring new knowledge and information at a rudimeéevel, and to
build a conceptual and theoretical understanding for professional praaiiten
construction. Methods employed for delivery of learning aatisiinclude formal lectures
and teaching sessions and seminars.

Developing practical perspectives (B)

This phase entails gaining an understanding of the practicatapph of basic knowledge
by observing models and examples. Typical methods of delivehydim visitations, peer
observation, using instructional artefacts, co-ordinated activityistehing to or watching
audio and video examples.

Reflective competency learning (C)

This phase addresses the analysis of current procedures andeprastiwell as knowledge
and skills regarding their adequacy and efficacy in the lighteaferging or new
developments. Typical delivery methods include individual learning and group discussion.

Acquisition of additional competencies (D)

The purpose of this phase is to translate new knowledge into indivittwalsgh attitude
alteration. Typical delivery methods include interactive sessyer-coaching, mentoring,
support groups, and team working.

Academic programmes in the built environment that cater fokrb&ledge and skill needs
of construction professionals adequately address the formal asgepdglivery methods.
While this is adequate for initial knowledge acquisition reflddby Phase 1 of Table 2, it
overlooks the obstacle oétention of materiafor construction professional practitioners.

In general professional development places less importance onawotmdefrom textbooks
as so much of the work is based on reflection of individual experiegrmteantext specific
project circumstances. It thus becomes essential that amginigafor professional
development should be tailored to the needs of the individual, and relevaeirtsituation.
A critical benefit of professional development comes throughrsfasiperiences with others
(and reflection on one's own experience) and this can be madibysestablishing groups of
similar experience who undergo their development together (CHEMEGH&nd FEDA,
1999). This is best represented through learning activities tatatdvantage of changing
real experiences or scenarios of these real experiences.willhgall for a careful review of
current academic programmes and industry training to ensurehthatathieve a more
balanced of the various learning phases required for professiongletaomay. Table 2
provides a schematic of the phase input for the different stages of learning taldmuiguch
a balance, with darker shades indicating more intensive coverage.

Table 2. Achieving greater balance for learning activities
Key learning phase Stage of professional | Common delivery methods
development
PGT | PGR

UG LWI

[A]
[B]
[C]
[D]




REPAIR AND MAINTENANCE IN CONSTRUCTION

The repair and maintenance industry in construction addresses works thdtearmeiive
repairing elements or fittings that are out of order, or maintaining them tasiimg or

improved standard. While a greater proportion of these repairs would not beedassif
structural repair, there is a growing volume of structural repairsessiti of conversions,
extensions, and alterations to buildings in the advanced economies. Much of thesamepairs
influenced by regulations on keeping heritage and historic architectural iftians Figure

1 shows the output of construction in Great Britain from 1997 to 2007. The volume of output
for repair and maintenance is about the same as the volume of new work. The picture
presented by Figure 1 will reflect in the same way across most of thecadvaconomies

where much of the infrastructure and stock of fixed capital assets aidyaligdace. This
leaves maintenance and repair as an importance contributor to the constnaitgiryiand

the national economy.
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Figure 1 Volume of UK construction output by category (Source: TSO, 2007)

Changing skills and competencies

Traditionally, construction professionals were required to displagraonstrable level of
high technical, some degree of administrative, and decision-makingieabiln the
workplace. This orientation derives from the conventional thought thajndesgineers will



be managed by a manager who will provide the organisational legdeasdi where
necessary, control the behaviour of employees in construction orgamésatid engineering
environments. With increased competition many construction organsatave had to
rethink management/ professional worker configurations significaaiythis paradigm of
work is being challenged (Galbraith and Lawler, 1993). The control fitgnta being
replaced by a commitment mentality as workers are beingdasketake on more
responsibility and accountability. Engineers thereforeijrammeasingly required to display an
understanding of human behaviour and potential, as well as how to engerajeration
and collaboration, and stimulate creativity and innovation. The abiligngineers to cope
with the added new roles will be determined by the acquisitisagefisite social and human
skills and competencies to combine with their technical demands (Edum-Fotw208103.

Enhanced frontline worker

Within the built environment no other role will be as affected daypgetition as that of the
frontline technical worker. As management ranks thin out, more otasles formerly
performed by these managers will move to the frontline techwniogter. These workers,
without day-to-day guidance, will depend more on themselves for idmeahd resources.
They will also need multiple skills to accommodate shifting fire and needs within the
organisation (Thorpe et al., 1998). They will operate more as indepemératctors within
a team context, moving from team to team as the need aribeswill place a challenge on
the design worker to take full responsibility for rapid development amelwal of their skills.
Therefore, the technical worker of the future will need to undsatsaafull range of technical
and administrative skills such as budgeting, planning and schedujuadity control,
performance measurement, vendor and customer interaction, hiring, ingshprocess
improvement, problem solving, procedure development, and more. This wilhdarhhand
with the required authority to ensure that technical processespandtions proceed with the
least time and resource redundancy.

SUSTAINABLE CONSTRUCTION

The current initiative on achieving sustainable construction relies on a gnpiele of
3Rs, Reduce, Re-use, Re-cycle. Overall, the sustainable agenda in the rad&disai
achieving the following objectives.

Reducing the carbon footprint of activities within the construction sector
Production of zero net waste at construction site level

Developing voluntary agreements and initiatives between the constructionyndustr
and its clients with the aim of reducing the carbon footprint and use of resources
within the built environment

Creating a safer industry by improving skills, boosting the numbers of wdekeng
part in training programmes, and retaining more skilled workers.

The second and third Rs draw heavily on the ability of the construction sector to bwitd int
solutions for the housing and infrastructure products that would lend themselvesdaretus
re-cycle. In essence, the repair and maintenance effort that goe®attogconstruction
solutions will have to be up-front, and of a strategic nature. This calls for desigpar,
maintenance and perhaps replacement into all developments.

The overall aim of the sustainable development agenda is to achieve greatereres
efficiency, as well as improved social responsibility from businesses aadisatjon that are



involved in creating our built environment. According to the Department for Trade and
Industry in the UK (DTi, 2004), the built environment accounts for 47% of the carbon
emissions that contributes to climate change. Improving its efficieressential for

achieving the target of a 60% reduction in the 1990 level of emissions by 2050 set By the U
Government. Much of the reduction can be achieved by considering alternative desig
solutions to the engineering problems of construction. However, a greater propdttion w
have to be addressed by contemplating radical solutions to re-using and mg-m@&tiurces
already incorporated into the existing stock. This will call for innovation inrepal
maintenance beyond the conventional methods currently deployed by the constrattion se
Some of these innovations will have to be addressed through the use of simulations to
minimise the cost of construction both in economic and environmental terms.

SIMULATIONS, LEARNING, STRUCTURAL REPAIRS

Simulation and gaming are well established techniques for providiatactivity with risk-
free activities to provide exposure for learning in complex scenaridsenvironments such
as repair and maintenance of expensive artefacts. Withinrectist the use of business-
specific simulations has grown in popularity for both academic gpgndduate/postgraduate)
and outreach, (continuing professional development) activities aaswel-company training
in response to the need to provide alternative modes for professanahf (Kember and
Harper, 1987). Using simulationgarnerslearn bydoing The role of the simulation is to
provide close approximations of real-life environments or systeatsldok and behave as
they do in real industry, but are in fact models created on the campAteording to Alavi
et al., (1997) applying this principle to learning has been provkea &xtremely effective for
engineering managers and other professionals in the construction. séssentially they
learn by using the simulation in the context of a scenario. Traso is like a short story or
description of a situation. Thearner works through the scenario using the simulation to
complete tasks. It is thaoingthat greatly increases the value of learning activity.

The reliance on simulation as a learning delivery vehicle bimtgsfocus the role of IT as a
tool and medium through which the delivery is undertaken.

Role of ICT

Technology can provide a means for offering new forms of priofeslsdevelopment and
support as well as educational delivery options. Many of the &satfrtelecommunications
and multimedia technology are particularly promising for overcorsamge of the constraints
presented by current and traditional methods of educational deliMastin, 1999). The

Atkins Review of Computers in Teaching Initiative and Teachinglaatning Technology
Support Network (CHEMS, HECG and FEDA, 1999) recognised the growirgg abl
computer based technologies and learning strategies in Highenttedudelivery. The

review identified effective IT exploitation for learning needsthwboth programme
development and the requisite skills for its delivery. A @lticequirement for staff
development in these areas was identified as ranging from Baskills such as word
processing to pedagogic issues such as integration of Communicatidninformation

Technologies in the support and delivery of teaching (Leidner anerdpaa, 1993; Maier
and Gossler, 2000).

The emerging developments in e-learning whereby electronicibdistn of learning
materials provides cost efficient solutions and enables simplsiaevand expansion of
course materials is seen as the obvious route for both academiadastty. Delivery of



such courses online presents an alternative that avoids the timeaaad:phstraints, which
is considered as a hindrance to face-to-face development programiiigsn construction

such e-learning schemes in the form of the Project Basedihgafor architectural and
engineering design pedagogy have been explored (Fruchter, 1999). Technoldgyyefane

offer alternative and complementary ways of delivering learnttigies as well as the way
in which learners can approach and address the various actig$iesiaied with imbibing

knowledge, namely: read, listen, observe, discuss, reflect, construct.

THE MERIT APPROACH

MERIT is a pseudonym fdvlanagement:nterprise Risk, Innovation and’ eamwork. As a
computer-based management simulation MERIT currently operatesnasiular package in
the Windows environment and supported by internet-based communicatiogenetates
realistic scenarios of construction business markets and conditomnghich groups of
engineers interact with as teams to competitively manageuaivcompany. Figures 2, 3 4
and 5 present sample screenshots from the simulation showing someorksyuction
business areas covered by MERIT.

Figure 2. Support material for the MERIT simulatio

Figure 3. Output for performance review

Decision Entry

The decisions to be entered each period are split by function.

Bidding Decisions

Each period the company is given a number of jobs for which a bid can be entered. These are
the jobs that the previous period the Estimating Manager allocated estimating resources to.

Choose from the list below for a detailed description of each function.

Marketing
Estimating
Bidding
Financial

Entering Decisions for Bulld Only Jobs |
Entering Decisions for Design & Build Jobs |
Overheads Choasing the right Consultant |

Personnel

- Job Details. Sector Descriptions
Construction

Site Administration

o
o
e
e
J
J
J
ol

| 1+ Sequentisl TendemaRecute 7 What is Sequential Tendering 2 |
Ifwe win [ | jobs then for "
liwelose 3| jobs then for

Figure 4. List of operational decisions

Fisi associated with  Jo KN I
FigurelZetailed decision for one functional operation

The simulation addresses the learning aspects discussed inltbieseations of the paper,
notable among which is the need for learners to be engaged tinsafor better retention
of the material delivered. The main purpose of the simulatioo enable engineers and
construction managers to effectively acquire knowledge and skijisreel for managerial
roles needed to progress their careers. The simulation is dksignéemonstrate the
interdependence of the various managerial decisions and the interlotkinge of the



variables that determine the success or failure of a modernuwi@ircompany. It provides
a means for learning the intricate processes and to becomedueftainted with decisions
involved in managing construction companies. It thus has great potentmapact on the
duration of the learning curve for new and in particular junior enggnead managers
engaged by construction companies and other construction-related orgasisdt can also
accelerate skill acquisition for middle and senior engineepsri@g to increase their
managerial responsibilities and position. MERIT, as a businesslaton shows how
management decisions made today unfold into tomorrow's financial aratiopal results.
It thus allows participants to develop greater dexterity gr@sging the decisions involved in
their functional roles. It also enables them to develop skills and lkdges in managing
other functional aspects of the organisation that may lie outside their sc@spaohsibilities.
Each participating team (company) is required to make keysidasi regarding their
organisation. These decisions cover the various functions that interglag management
of construction businesses, and include marketing, estimating, tendamohdginance and
personnel management and are undertaken for a virtual company. KEedecisions cover
both strategic and operational aspects of construction companigsglerAdescription of the
simulation is provided by Edum-Fotwe et al. (2000), and additional detaibe obtained
from the MERIT site ahttp://merit.ac.uk There is ample evidence from current trends in
electronic commerce that various construction management openatilopiogress in future
along the lines of such virtual company arrangements (Atkinson, 1999).

Delivery of the simulation

The simulation is delivered and administered principally through rthea ICE sponsored
International Competition in the UK. This competition employs preagieconomic and

industry circumstances as the main parameters for derivingn#rket scenarios that is
addressed by competing teams. The Advisory Panel provides guidantte learning

elements embodied in any annual session of the ICE competition.Gaime Controller

implements the annual ICE competition, which includes setting theamgders and

administration of the teams. There is no intervention by the Gaomdroller once the

Competition commences. The ICE competition is structured in thenvioh three stages,
with stages 2 and 3 delivered as discrete simulations over spedamls. Each period of the
simulation is equivalent to 3 months of a company's running life.

Stage 1 — Pre-competition

This is a preliminary phase that allows participating teanfaniliarise themselves with the
concepts and workings of MERIT. This stage incorporates a mdiantetorial supported
by a fixed scenario that runs between 1 and 3 periods. As acdindact between the
participating teams and the simulator, this stage allows teanexperiment with all the
different options that MERIT offers so that the software ofsiheulation does not get in the
way of decision making once the competitive management of themisagian commences.
Equally, the use of a fixed scenario allows learning reviews sdehms can cue to earlier
decisions for detailed examination. Each round, known as a period, represents taneajuar
three trading months.

Stage 2 — The Early Years

This is the elimination phase and runs over 8 periods. This stagiges teams competing
within a defined market against the simulator. At the end efdtage, a number of teams
(usually 6) will continue to the next phase according to thessdlaation. The second stage
offers a limited level of competition that allows the teamafply the lessons gained from



the first stage. As a training tool, the assessment of &@&ch’'s progress becomes very
crucial. To ensure that no one team has an advantage over the edlsBrspmpany starts
from a historical position of one year. Each team/company’s gubse performance
determines its rank within the group of participating teams fronogé¢o period. The team
operates as a board of directors, runs the company and compeitest agaomputer-
generated company for contracts over the period of this stagedymheics of this stage of
the competition enable the teams to appreciate the impactlofearsion they make as the
level of competition is constrained to providing a learning expegiémenanagerial decision
making.

Stage 3 — The Final Years

This forms the Final phase of the ICE International competitionimvalves the top six
teams from stage 2. This stage lasts for 6 periods accodotiagotal duration of eighteen
one and a half (1.5) financial years for managing a construction cgmauring this stage
the six teams in the final compete directly against the stotuts well as themselves for all
resources and orders. The accentuated level of competitibis atage makes the outcomes
of team decision as uncertain as real life. Each tearts stéh their company operating
from its position at the end of the early years, allowing tteebenefit from their decisions to
date.

Educational exploitation

MERIT 3 provides knowledge and skills in areas that are refleofitlee changing nature of
the construction industry, and employs the latest IT techniques.e\Whias first intended
and used for the National and International competitions, it has subdgdest employed
by both educational and industrial organisations worldwide as pahneofdurriculum and
training programme respectively. Current academic exphmitaif the simulation involves
complementing the internal undergraduate modules either to give acgractge to the
programme or the address the development of interpersonal and ‘skillerfor managing
construction companies. Institutions deploying the simulation includeUtheersity of
Newcastle (New South Wales, Australia) and University of €anty (Christchurch, New
Zealand), and a number of universities in the UK.

PEDAGOGIC ASPECTS OF MERIT

Participants in the Merit simulation are exposed to aspectsnstraction management with
which they are possibly either unfamiliar or unpractised, and bwialty them to investigate
the interlocking nature of the decisions they make regattieglifferent areas of company
management, a more holistic perspective of the whole constructionspracd be
engendered. The simulation introduces many of the key concepts andrzdéted in the
Construction Industry today.

The active delivery mode of the simulation for the learning aspects ensurasghiaed
knowledge and skills are well assimilated and can be employed in realddeasit that
learners encounter later on in their working environment. This is achieved througfe tbie
authentic and relevant scenarios that are fine tuned to reflect conditions inyirualubt
context in which learners operate. Equally, the timing and team approach emsusebile
way the acquisition and honing in of interpersonal attributes of learners byrapplyi
appropriate pressure situations that demand tap team interactivity.

While the above advantages of the simulation address how engineers manage nowand woul
do so in a virtual environment, its wider application to the repair and maintenancesub-se



of construction cannot be underestimated. Not only can the business aspects ofgnanagin
repair and maintenance companies be given attention in such an environment, but also the
physical activities of the repair can be contemplated. In particutamitacilitate the

working together of two or more teams involved in the repair process working frparates
locations.

DISCUSSION

In the recent past, engineers worked in centralized site-baseas,t where individuals
working on the same project sat in adjacent cubicles, often bedcas thelown the hall
work environment. Team members could easily meet with one anotisemjoare notes,
share information, iron-out problems and co-ordinate activities. Howevieday's globally
distributed product development environment, a company’s various divisionsar gire
often located around the world. To complicate matters furtheicatriaspects of its
operations, such as analysis and manufacturing, are now typicalhategpfiom the design
group and are increasingly outsourced. This practice is aptgctedl by the construction
sector, where the norm is for one organisation to design theyauilit another to build it. It
is not unusual for a design company and its partners to be mamygdines apart (Thorpe et
al., 1998). Situations whereby work on the same design project istak®tein sequence
round the globe to achieve a round-the-clock work regime have been kndwis. is
particularly symptomatic of the repair and maintenance sub-secibe benefits of the
traditional style of collaboration that once occurred in hallwaysnooffices amongst
engineers are being replacedrtual interaction as the demands of time-to-market and the
increasing pressure to cut development costs are complicatgedigr fragmentation of the
product development process. Current technology in the forewfand mark-uolutions
all claim to be collaborative but what they really provide is @engequential view and mark-
up process. Typically, electronic documents are routed by meanwak#ow process to
reviewers who view them at the desktop, add comments, and send the cerbacknio the
designer. This is repeated in an iterative cycle untilrhges have been processed, agreed
upon, and the next revision of the document is signed off and releasedmé&thizd may
take quite some time and the process really involves vesgy pigisonal collaboration. Many
design companies are yet to develop sufficient capability on bampglement this simple
view and mark-up process

This paper has addressed some issues that has, and will continwe t@lbaance for the
repair and maintenance sub-sector in many industries, but of ybartisignificance to
construction. It can be appreciated that the influence of ICT ®dtstering a shift in the
way designers will work into the future. Whilst their cuntrgkills would still be relevant in
the emerging work environment, additional skills and know-how become apparéese
additional skills are predominantly human and social oriented. The papaxplored how
technology is influencing the engineering work environment byefosg distributed teams
work.

CONCLUSION

Recent developments in the area of business simulation have creatediropesrto build
substantial synergy between learning to think in relevant ttiealrérameworks and learning
how to deal with the complexity of actual settings. The use@f simulated scenarios has
the potential to enhance the current delivery of learning optionsmwiitbth academia and
industry. Current use of such scenarios however, relies on passivierara delivery
methods, the consequence of which is a limited learning experiditee paper has argued



that for such learning to be of greater benefit to adult leanmeacademia and industry, it
needs to take cognisance of the way students and professionals iruatmmstachieve
effective learning. The paper has shown how MERIT provides &lusehicle for
complementing the learning activities of students and professialiledswithin construction
to address some of the issues discussed. The educational immiidadm the advantages
offered by MERIT and similar tools are considerable, and rafigen curriculum
restructuring to equipping academics with the requisite gkilldeliver programmes in such
virtual environments. By relying dearning by doingthe simulation creates opportunities
to experience the dynamics of key strategic issues found @alaconstruction business
situation. The repair and maintenance sub-sector could learn frem deselopments to
enable organisations that operate in the industry to become more strategicantthek.
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