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ABSTRACT 
The paper first discusses the different know-how requirements of construction professionals 
at various stages of their development.  It also explores the knowledge needs of the next 
generation of project managers and engineers within construction.  It presents a profile of the 
repair and maintenance sub-sector within the construction sector and calls for addressing the 
requirements of repair at the educational stage of the professionals.  It then addresses the role 
of simulation as a delivery method for developing current and future engineering 
professionals by advancing arguments to support current pedagogic offerings with simulation 
tools such as MERIT.  The paper then describes the MERIT construction simulation and its 
perceived pedagogic benefits.  The wider implication for deploying tools 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 sector, which has been run nationally 
within the UK for over 16 years to augment the managerial decision-making skills of both 
professionals and students.  Approximately 20,000 construction graduates have benefited 
from the training and learning programmes that MERIT provides.  The learning needs of 
construction students and professionals reflect a wide diversity.  These range from knowledge 
of technical functions and processes through social and managerial competencies to the use 
of specific and generic tools and technologies.  The argument underpinning this paper is that 
simulation can potentially play a pivotal role within the construction curriculum to address all 
the diverse learning needs.  The rationale of the argument in this paper is that current 
academic programme offerings effectively address the pedagogic requirements of the 
technical aspects for the learning needs of students.  The development of MERIT was 
motivated by the additional skill and knowledge demands beyond the technical domain, 
which construction professionals face up to in their working environment.  It also serves as a 
means to generate awareness of the shift in the way construction businesses will have to 
operate now and in the future, and the concomitant skill and knowledge requirements this 
will place on engineers and construction managers within the sector (Garwood and Bane, 
1990).  In addition, it provides a bridging of the gap between current and future skill and 
knowledge requirements for working in IT-enable corporate environments.  This includes the 
growing rate of exploitation for electronic commerce (B2B and B2C, Peer2Peer and 
distributed working) and attendant virtual working as opposed to working in real corporate 
environments (Levin, 1990).   
 
The paper first discusses the different learning requirements of construction professionals at 
various stages of their development.  It also explores the learning needs of the next generation 



of project and engineering managers within construction.  The role of renovation, 
regeneration, maintenance and replacement as part of the global agenda on environmental 
sustainability is addressed.  The importance of this agenda for repair and maintenance 
community is discussed.  The authors then explore the role of simulation as a delivery 
method for learners including a justification for the argument to support current pedagogic 
offerings with tools such as MERIT.  The paper then describes the MERIT construction 
simulation and its perceived pedagogic benefits.  The wider implication for deploying tools 
such as MERIT to deliver learning programmes in construction is given consideration. 

NEXT-GENERATION ENGINEERS 
The term next-generation engineers refers to the new breed of engineers and project 
managers who are increasingly required to operate in dual or multi working environments 
including virtual environments.  While it is easy to work with artefacts in such virtual 
environments, operational and strategic decision making by project managers are difficult to 
simulate.  This is because the dynamics of the decisions exercised make it difficult for any 
project manager to fully appreciate the ramifications of the application of any principles of 
management.  In addition, for the case of repair and maintenance, the needs and requisite 
skills of professionals are not addressed as part of their development. 

LEARNING IN CONSTRUCTION 
Professionals and organisations within the construction sector face a growing challenge 
brought on by the acceleration of change on several fronts including regulatory instruments, 
socio-political transformation, globalisation, and competition (McCaffer and Edum-Fotwe, 
2000).  These changes impact on their practices and marketplace and place an imperative on 
practitioners within construction sector to be in a continuous learning mode.  It also means a 
re-examination of what programmes and the systems of delivery for learning are deployed to 
equip professional practitioners with appropriate and relevant competencies to ensure their 
effective performance (Freeman and Capper, 2000).  The rationale is that individual 
professionals as well as their organisations need to learn in order to adapt to their changing 
environments, exploit the knowledge produced in their day to day work, and actively shape 
their work and business environments to benefit their organisations (Senge, 1990; Kululanga 
et. al., 1999).  The endorsement by the Dearing Report (Dearing, 1997) of the need for this 
penchant of continuous and lifelong learning clearly emphasises the role that academia could 
play to ensure continuous renewal of competencies by professionals in construction. 

Extra-construction knowledge and skills 
The need for additional skills and knowledge beyond the technical requirements of 
professionals in construction is widely shared by academia and the professional institutions.  
For example, skills relating to general business management as well as ICT are required for 
the attainment of chartered status by the engineering professional bodies.  These additional 
skills (extra-construction or engineering) are often addressed as management modules within 
academic programmes.  Management practices in general and within construction is still 
largely eclectic.  As such, construction and engineering managers are often faced with a 
situation where they have to learn to apply concepts, make decisions and implement 
processes on the basis of their judgement alone.  This usually calls for knowledge and 
experience that go beyond the technical demands of their basic academic training.  Thorpe at 
al. (1998) argued that current managerial practice within engineering and construction is 
undergoing step changes and places a demand of hybrid skills on engineers and construction 
professionals beyond their technical know-how.  Similarly, Edum-Fotwe and McCaffer 



(2000) in their study of knowledge and skill factors that contributed to the development of 
construction and project managers showed that they relied more on what is best described as 
softer skills to form an essential part of their core competency within their working 
environment.  Academic programmes in construction are primarily geared towards the 
practical application of particular skills and knowledge in industry, a focus that mirrors the 
learning and development objectives of the professional institutions.  This common objective 
for the outcome of the learning experience between industry and academia necessitates an 
alignment in the modes of delivery for learning, in order to make learning activities more 
effective (Goodyear, 2000). 

Learning for professional development 
Construction has always shared a realisation of the importance of professional development 
as a mechanism for fostering a motivated, skilled and adaptable workforce.  This is especially 
true of the professional bodies through the administration of the system of CPD.  The 
traditional options for addressing such skills and knowledge renewal within construction 
often emphasise passive and formal learning activities, primarily because the outcome of the 
learning can be readily measured or evaluated (Edum-Fotwe and McCaffer, 2000).  While 
these are relevant in their own right given the right context, they often do not address 
adequately the learning habits of professional practitioners and adult learners (Ramsden, 
1992; Reynolds, 1997).  For example research undertaken by the American Society for 
Training and Development indicated that two months after training has taken place, adult 
learners will typically remember the following levels for material delivered through the 
following modes shown in Table 1.   
 

Table 1. Retention of training material (Source: 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 the Say and Do in Table 1 for the effective delivery of learning materials 
to professionals is the need to emphasise interactivity in learning activities.   
 

Learning phases among construction professionals 
The key learning stages of construction professionals cover four key stages of development.  
These are undergraduate study (UG), postgraduate study (PGT), postgraduate research 
(PGR), and learning within industry (LWI).  Equally, the knowledge and skills development 
for professionals within construction can be perceived along four key phases of learning 
objectives.  The four phases may occur in isolation or be repeated, or a minimum of two 
could occur simultaneously at various stages in the career progression of construction 
professionals.  The four key phases of learning and that predominate within construction with 
reference to the key learning stages, along with common methods of delivery are outlined 
below.  A more comprehensive catalogue of the different mechanisms employed by 
construction organisations to address their learning needs can be found in Kululanga et al. 
(2001).  The four phases are further elucidated below. 
 



Basic Knowledge Building (A) 
This phase involves acquiring new knowledge and information at a rudimentary level, and to 
build a conceptual and theoretical understanding for professional practice within 
construction.  Methods employed for delivery of learning activities include formal lectures 
and teaching sessions and seminars. 

Developing practical perspectives (B) 
This phase entails gaining an understanding of the practical application of basic knowledge 
by observing models and examples.  Typical methods of delivery include visitations, peer 
observation, using instructional artefacts, co-ordinated activity, and listening to or watching 
audio and video examples. 

Reflective competency learning (C) 
This phase addresses the analysis of current procedures and practices as well as knowledge 
and skills regarding their adequacy and efficacy in the light of emerging 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 individuals through attitude 
alteration.  Typical delivery methods include interactive sessions, peer-coaching, mentoring, 
support groups, and team working. 
 
Academic programmes in the built environment that cater for the knowledge and skill needs 
of construction professionals adequately address the formal and passive delivery methods.  
While this is adequate for initial knowledge acquisition reflected by Phase 1 of Table 2, it 
overlooks the obstacle of retention of material for construction professional practitioners.   
In general professional development places less importance on rote learning from textbooks 
as so much of the work is based on reflection of individual experience and context specific 
project circumstances.  It thus becomes essential that any learning for professional 
development should be tailored to the needs of the individual, and relevant to their situation.  
A critical benefit of professional development comes through sharing experiences with others 
(and reflection on one's own experience) and this can be maximised by establishing groups of 
similar experience who undergo their development together (CHEMS, HECG and FEDA, 
1999).  This is best represented through learning activities that take advantage of changing 
real experiences or scenarios of these real experiences.  This will call for a careful review of 
current academic programmes and industry training to ensure that they achieve a more 
balanced of the various learning phases required for professional competency.  Table 2 
provides a schematic of the phase input for the different stages of learning to bring about such 
a balance, with darker shades indicating more intensive coverage. 
 

Table 2.  Achieving greater balance for learning activities 
Key learning phase Stage of professional 

development 
Common delivery methods 

 UG PGT PGR LWI  
[A]       
[B]       
[C]       
[D]       

 



 

REPAIR AND MAINTENANCE IN CONSTRUCTION 
The repair and maintenance industry in construction addresses works that are either involve 
repairing elements or fittings that are out of order, or maintaining them to an existing or 
improved standard.  While a greater proportion of these repairs would not be classified as 
structural repair, there is a growing volume of structural repairs as a result of conversions, 
extensions, and alterations to buildings in the advanced economies.  Much of these repairs are 
influenced by regulations on keeping heritage and historic architectural forms intact.  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 the advanced economies 
where much of the infrastructure and stock of fixed capital assets are already in place.  This 
leaves maintenance and repair as an importance contributor to the construction industry and 
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 display a demonstrable level of 
high technical, some degree of administrative, and decision-making abilities in the 
workplace.  This orientation derives from the conventional thought that design engineers will 



be managed by a manager who will provide the organisational leadership and where 
necessary, control the behaviour of employees in construction organisations and engineering 
environments.  With increased competition many construction organisations have had to 
rethink management/ professional worker configurations significantly, as this paradigm of 
work is being challenged (Galbraith and Lawler, 1993).  The control mentality is being 
replaced by a commitment mentality as workers are being asked to take on more 
responsibility and accountability.  Engineers therefore, are increasingly required to display an 
understanding of human behaviour and potential, as well as how to engender co-operation 
and collaboration, and stimulate creativity and innovation.  The ability of engineers to cope 
with the added new roles will be determined by the acquisition of requisite social and human 
skills and competencies to combine with their technical demands (Edum-Fotwe et al, 2000). 

Enhanced frontline worker 
Within the built environment no other role will be as affected by competition as that of the 
frontline technical worker.  As management ranks thin out, more of the tasks formerly 
performed by these managers will move to the frontline technical worker.  These workers, 
without day-to-day guidance, will depend more on themselves for direction and resources.  
They will also need multiple skills to accommodate shifting priorities and needs within the 
organisation (Thorpe et al., 1998).  They will operate more as independent contractors within 
a team context, moving from team to team as the need arises.  This will place a challenge on 
the design worker to take full responsibility for rapid development and renewal of their skills.  
Therefore, the technical worker of the future will need to understand a full range of technical 
and administrative skills such as budgeting, planning and scheduling, quality control, 
performance measurement, vendor and customer interaction, hiring, purchasing, process 
improvement, problem solving, procedure development, and more.  This will go hand in hand 
with the required authority to ensure that technical processes and operations proceed with the 
least time and resource redundancy. 
 
 
SUSTAINABLE CONSTRUCTION 
The current initiative on achieving sustainable construction relies on a simple principle of 
3Rs, Reduce, Re-use, Re-cycle.  Overall, the sustainable agenda in the UK is aimed at 
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 construction industry 

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 workers taking 
part in training programmes, and retaining more skilled workers. 

The second and third Rs draw heavily on the ability of the construction sector to build into its 
solutions for the housing and infrastructure products that would lend themselves to re-use and 
re-cycle.  In essence, the repair and maintenance effort that goes into creating construction 
solutions will have to be up-front, and of a strategic nature.  This calls for designing repair, 
maintenance and perhaps replacement into all developments.   

The overall aim of the sustainable development agenda is to achieve greater resource 
efficiency, as well as improved social responsibility from businesses and organisation 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 efficiency is essential for 
achieving the target of a 60% reduction in the 1990 level of emissions by 2050 set by the UK 
Government.  Much of the reduction can be achieved by considering alternative design 
solutions to the engineering problems of construction.  However, a greater proportion will 
have to be addressed by contemplating radical solutions to re-using and re-cycling resources 
already incorporated into the existing stock.  This will call for innovation in repair and 
maintenance beyond the conventional methods currently deployed by the construction sector.  
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 providing interactivity with risk-
free activities to provide exposure for learning in complex scenarios and environments such 
as repair and maintenance of expensive artefacts.  Within construction the use of business-
specific simulations has grown in popularity for both academic, (undergraduate/postgraduate) 
and outreach, (continuing professional development) activities as well as in-company training 
in response to the need to provide alternative modes for professional learning (Kember and 
Harper, 1987).  Using simulations, learners learn by doing.  The role of the simulation is to 
provide close approximations of real-life environments or systems that look and behave as 
they do in real industry, but are in fact models created on the computer.  According to Alavi 
et al., (1997) applying this principle to learning has been proven to be extremely effective for 
engineering managers and other professionals in the construction sector.  Essentially they 
learn by using the simulation in the context of a scenario.  The scenario is like a short story or 
description of a situation. The learner works through the scenario using the simulation to 
complete tasks.  It is this doing that greatly increases the value of learning activity. 
The reliance on simulation as a learning delivery vehicle brings into focus 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 professional development and 
support as well as educational delivery options.  Many of the features of telecommunications 
and multimedia technology are particularly promising for overcoming some of the constraints 
presented by current and traditional methods of educational delivery (Martin, 1999).  The 
Atkins Review of Computers in Teaching Initiative and Teaching and Learning Technology 
Support Network (CHEMS, HECG and FEDA, 1999) recognised the growing role of 
computer based technologies and learning strategies in Higher Education delivery.  The 
review identified effective IT exploitation for learning needs with both programme 
development and the requisite skills for its delivery.  A critical requirement for staff 
development in these areas was identified as ranging from basic IT skills such as word 
processing to pedagogic issues such as integration of Communications and Information 
Technologies in the support and delivery of teaching (Leidner and Jarvenpaa, 1993; Maier 
and Gossler, 2000). 
 
The emerging developments in e-learning whereby electronic distribution of learning 
materials provides cost efficient solutions and enables simple revision and expansion of 
course materials is seen as the obvious route for both academia and industry.  Delivery of 



such courses online presents an alternative that avoids the time and place constraints, which 
is considered as a hindrance to face-to-face development programmes.  Within construction 
such e-learning schemes in the form of the Project Based Learning for architectural and 
engineering design pedagogy have been explored (Fruchter, 1999).  Technology can therefore 
offer alternative and complementary ways of delivering learning activities as well as the way 
in which learners can approach and address the various activities associated with imbibing 
knowledge, namely: read, listen, observe, discuss, reflect, construct. 

THE MERIT APPROACH 
MERIT is a pseudonym for Management, Enterprise, Risk, Innovation and Teamwork.  As a 
computer-based management simulation MERIT currently operates as a modular package in 
the Windows environment and supported by internet-based communications.  It generates 
realistic scenarios of construction business markets and conditions, to which groups of 
engineers interact with as teams to competitively manage a virtual company.  Figures 2, 3 4 
and 5 present sample screenshots from the simulation showing some key construction 
business areas covered by MERIT. 
 

  
Figure 2.  Support material for the MERIT simulation Figure 3.  Output for performance review 
  

  
Figure 4.  List of operational decisions Figure 5.  Detailed decision for one functional operation 

 
The simulation addresses the learning aspects discussed in the earlier sections of the paper, 
notable among which is the need for learners to be engaged interactively for better retention 
of the material delivered.  The main purpose of the simulation is to enable engineers and 
construction managers to effectively acquire knowledge and skills required for managerial 
roles needed to progress their careers.  The simulation is designed to demonstrate the 
interdependence of the various managerial decisions and the interlocking nature of the 



variables that determine the success or failure of a modern construction company.  It provides 
a means for learning the intricate processes and to become better acquainted with decisions 
involved in managing construction companies.  It thus has great potential to impact on the 
duration of the learning curve for new and in particular junior engineers and managers 
engaged by construction companies and other construction-related organisations.  It can also 
accelerate skill acquisition for middle and senior engineers aspiring to increase their 
managerial responsibilities and position.  MERIT, as a business simulator, shows how 
management decisions made today unfold into tomorrow's financial and operational results.  
It thus allows participants to develop greater dexterity in exercising the decisions involved in 
their functional roles.  It also enables them to develop skills and knowledge in managing 
other functional aspects of the organisation that may lie outside their scope of responsibilities. 
Each participating team (company) is required to make key decisions regarding their 
organisation.  These decisions cover the various functions that interplay in the management 
of construction businesses, and include marketing, estimating, tendering, and finance and 
personnel management and are undertaken for a virtual company.  These key decisions cover 
both strategic and operational aspects of construction companies.  A fuller description of the 
simulation is provided by Edum-Fotwe et al. (2000), and additional detail can be obtained 
from the MERIT site at http://merit.ac.uk.  There is ample evidence from current trends in 
electronic commerce that various construction management operations will progress in future 
along the lines of such virtual company arrangements (Atkinson, 1999). 
 

Delivery of the simulation 
The simulation is delivered and administered principally through the annual ICE sponsored 
International Competition in the UK.  This competition employs prevailing economic and 
industry circumstances as the main parameters for deriving the market scenarios that is 
addressed by competing teams.  The Advisory Panel provides guidance on the learning 
elements embodied in any annual session of the ICE competition.  The Game Controller 
implements the annual ICE competition, which includes setting the parameters and 
administration of the teams.  There is no intervention by the Game Controller once the 
Competition commences.  The ICE competition is structured in the following three stages, 
with stages 2 and 3 delivered as discrete simulations over several periods.  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 teams to familiarise themselves with the 
concepts and workings of MERIT.  This stage incorporates a multimedia tutorial supported 
by a fixed scenario that runs between 1 and 3 periods.  As a first contact between the 
participating teams and the simulator, this stage allows teams to experiment with all the 
different options that MERIT offers so that the software of the simulation does not get in the 
way of decision making once the competitive management of their organisation commences.  
Equally, the use of a fixed scenario allows learning reviews so that teams can cue to earlier 
decisions for detailed examination.  Each round, known as a period, represents one quarter, or 
three trading months.   

Stage 2 – The Early Years 
This is the elimination phase and runs over 8 periods.  This stage involves teams competing 
within a defined market against the simulator.  At the end of this stage, a number of teams 
(usually 6) will continue to the next phase according to their classification.  The second stage 
offers a limited level of competition that allows the teams to apply the lessons gained from 



the first stage.  As a training tool, the assessment of each team’s progress becomes very 
crucial.  To ensure that no one team has an advantage over the others, each company starts 
from a historical position of one year.  Each team/company’s subsequent performance 
determines its rank within the group of participating teams from period to period.  The team 
operates as a board of directors, runs the company and competes against a computer-
generated company for contracts over the period of this stage.  The dynamics of this stage of 
the competition enable the teams to appreciate the impact of each decision they make as the 
level of competition is constrained to providing a learning experience in managerial decision 
making. 

Stage 3 – The Final Years 
This forms the Final phase of the ICE International competition and involves the top six 
teams from stage 2.  This stage lasts for 6 periods accounting for a total duration of eighteen 
one and a half (1.5) financial years for managing a construction company.  During this stage 
the six teams in the final compete directly against the simulator as well as themselves for all 
resources and orders.  The accentuated level of competition at this stage makes the outcomes 
of team decision as uncertain as real life.  Each team starts with their company operating 
from its position at the end of the early years, allowing them to benefit from their decisions to 
date. 

Educational exploitation 
MERIT 3 provides knowledge and skills in areas that are reflective of the changing nature of 
the construction industry, and employs the latest IT techniques.  While it was first intended 
and used for the National and International competitions, it has subsequently been employed 
by both educational and industrial organisations worldwide as part of their curriculum and 
training programme respectively.  Current academic exploitation of the simulation involves 
complementing the internal undergraduate modules either to give a practical edge to the 
programme or the address the development of interpersonal and ‘softer’ skills for managing 
construction companies.  Institutions deploying the simulation include the University of 
Newcastle (New South Wales, Australia) and University of Canterbury (Christchurch, New 
Zealand), and a number of universities in the UK. 

PEDAGOGIC ASPECTS OF MERIT 
Participants in the Merit simulation are exposed to aspects of construction management with 
which they are possibly either unfamiliar or unpractised, and by allowing them to investigate 
the interlocking nature of the decisions they make regarding the different areas of company 
management, a more holistic perspective of the whole construction process will be 
engendered.  The simulation introduces many of the key concepts and problems faced in the 
Construction Industry today. 
 
The active delivery mode of the simulation for the learning aspects ensures that acquired 
knowledge and skills are well assimilated and can be employed in real life situations that 
learners encounter later on in their working environment.  This is achieved through the use of 
authentic and relevant scenarios that are fine tuned to reflect conditions in industry or the 
context in which learners operate.  Equally, the timing and team approach ensures in a subtle 
way the acquisition and honing in of interpersonal attributes of learners by applying 
appropriate pressure situations that demand tap team interactivity. 
 
While the above advantages of the simulation address how engineers manage now and would 
do so in a virtual environment, its wider application to the repair and maintenance sub-sector 



of construction cannot be underestimated.  Not only can the business aspects of managing 
repair and maintenance companies be given attention in such an environment, but also the 
physical activities of the repair can be contemplated.  In particular, it can facilitate the 
working together of two or more teams involved in the repair process working from disparate 
locations. 

DISCUSSION 
In the recent past, engineers worked in centralized site-based teams, where individuals 
working on the same project sat in adjacent cubicles, often described as the down the hall 
work environment.  Team members could easily meet with one another to compare notes, 
share information, iron-out problems and co-ordinate activities.  However, in today’s globally 
distributed product development environment, a company’s various divisions and groups are 
often located around the world.  To complicate matters further, critical aspects of its 
operations, such as analysis and manufacturing, are now typically separated from the design 
group and are increasingly outsourced.  This practice is aptly reflected by the construction 
sector, where the norm is for one organisation to design the facility and another to build it.  It 
is not unusual for a design company and its partners to be many time zones apart (Thorpe et 
al., 1998).  Situations whereby work on the same design project is undertaken in sequence 
round the globe to achieve a round-the-clock work regime have been known.  This is 
particularly symptomatic of the repair and maintenance sub-sector.  The benefits of the 
traditional style of collaboration that once occurred in hallways or in offices amongst 
engineers are being replaced by virtual interaction as the demands of time-to-market and the 
increasing pressure to cut development costs are complicated by greater fragmentation of the 
product development process.  Current technology in the form of view and mark-up solutions 
all claim to be collaborative but what they really provide is only a sequential view and mark-
up process.  Typically, electronic documents are routed by means of a workflow process to 
reviewers who view them at the desktop, add comments, and send the comments back to the 
designer.  This is repeated in an iterative cycle until all changes have been processed, agreed 
upon, and the next revision of the document is signed off and released.  This method may 
take quite some time and the process really involves very little personal collaboration.  Many 
design companies are yet to develop sufficient capability on how to implement this simple 
view and mark-up process.   

This paper has addressed some issues that has, and will continue to have relevance for the 
repair and maintenance sub-sector in many industries, but of particular significance to 
construction.  It can be appreciated that the influence of ICT tools is fostering a shift in the 
way designers will work into the future.  Whilst their current skills would still be relevant in 
the emerging work environment, additional skills and know-how become apparent.  These 
additional skills are predominantly human and social oriented.  The paper has explored how 
technology is influencing the engineering work environment by fostering distributed teams 
work. 
 

CONCLUSION 
Recent developments in the area of business simulation have created opportunities to build 
substantial synergy between learning to think in relevant theoretical frameworks and learning 
how to deal with the complexity of actual settings.  The use of such simulated scenarios has 
the potential to enhance the current delivery of learning options within both academia and 
industry.  Current use of such scenarios however, relies on passive and formal delivery 
methods, the consequence of which is a limited learning experience.  The paper has argued 



that for such learning to be of greater benefit to adult learners in academia and industry, it 
needs to take cognisance of the way students and professionals in construction achieve 
effective learning.  The paper has shown how MERIT provides a useful vehicle for 
complementing the learning activities of students and professionals alike within construction 
to address some of the issues discussed.  The educational implications from the advantages 
offered by MERIT and similar tools are considerable, and range from curriculum 
restructuring to equipping academics with the requisite skills to deliver programmes in such 
virtual environments.  By relying on learning by doing, the simulation creates opportunities 
to experience the dynamics of key strategic issues found in a real construction business 
situation.  The repair and maintenance sub-sector could learn from these developments to 
enable organisations that operate in the industry to become more strategic in their outlook. 
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