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Abstract

Most observers agree that engineers can no longer afford to limit their scope to core engineering design, as most projects these days are multi-disciplinary. In order to examine these changes in project delivery, this paper highlights the future business perspectives, management practices and Information Technology (IT) outlook as envisioned in the next millennium. Thereafter, it examines the present status of a typical consulting engineering practice with respect to its human resources and IT facilities and juxtapose these to determine the strategies for repositioning the consulting engineer in the third millennium.

Indeed, the information age has brought in enabling technologies in a competitive environment that requires new management principles and practices.

These enabling technologies have to be optimised to empower the consulting engineer and unless we face up to them now, we will be ill prepared to meet the challenges ahead.

1.0 Introduction

“Project delivery in the third millennium will typically involve millions of tasks, yet the project information will be self-generating. An expert system will co-ordinate and aggregate your daily activities and when the required conditions are met, those tasks which include periodic reporting, valuation and payment certification will be executed automatically.”

In today's competitive world it is necessary for organisations to take advantage of every opportunity to provide service, improve quality and reduce cost. Most organisations today recognise the need to be market driven, competitive, and to demonstrate added value.

The pervasiveness of Information Technology (IT) throughout most organisations dictates that consulting engineers must understand these concepts and their implications, in order to be in a position to offer complimentary solutions to their clients.

Our discussions shall focus on the business and economic perspectives in the next millennium, followed by an examination of the present set-up of the consulting engineer and a close-out with the determination of the strategies required to enable him successfully compete in the future. We shall also delve into the critical issues of information systems to emphasise the need to completely re-engineer our processes and way of thinking. 

In the future, a typical project would require collaboration, tested project management techniques and effective knowledge/document management repository that is accessible from anywhere at all times.

Our constraints will only be limited to the quality of tools with which we interface to this ocean of information and the speed with which we cruise the Internet galaxy.

We shall begin by focusing on the future business, best management practices and IT outlook as envisioned in the next millennium. 

2.0 Business in the New Millennium

We are currently in a transitional period between the industrial age, which was driven by machines and blue-collar workers and the information age that will be driven by Information Technology and Knowledge Workers.

The industrial age went through an early period of dislocation, followed by a long spell of maturity, and is now approaching its eventual demise as new technologies take over.

While the developed world has transcended the period of dislocation and is about to enjoy maturity in the information age, Nigeria is yet to commence. Greater awareness, policies and guidelines for training programmes are needed, and education formats have to be developed, as new waves of businesses demand more appropriate skills and relevant knowledge.

Information age has brought in a competitive environment that requires new management principles and practices. 

Most observers agree that the future business environment will include:

· An ever-increasing pace of technological and societal changes.

· A further shift to an information economy to be driven by highly skilled knowledge workers.

· An increasing global co-operation and competition – ‘coopetition’.

· Fragmentation of markets into specialised niches.

· Diversity – employees and customers from every culture, race, religion and country in the world.

Simultaneously, the Consulting Engineer is yet to be well prepared for the technical information economic environment and is more concerned about a "balanced life style" that emphasises on Family, Friends, Festivals and Fun. 

Accordingly, our topics of discussion will take the following form:

· The impact of technology 

· Knowledge economy

· Global co-operation and competition

· Fragmentation of markets

· Diversity

Thereafter, we shall examine the structure of the consulting engineers' set-up and determine how to restructure and take advantage of IT in the future.

2.1
IMPACT OF TECHNOLOGY

The rapid pace of technological change is creating a wide array of new business opportunities. The development of the Internet, for example, with its global reach and tens of millions of users, is opening up possibilities for electronic banking, education on demand, digital photography, virtual shopping, and virtual factories; ultimately it has the potential to change almost every aspect of business life. Global telephony and satellite communications are leading us toward personal telephone numbers and video links no matter where we happen to be on the planet. The winners of these technology wars will reap a huge harvest of new products and services and create large millions of jobs.

2.2
KNOWLEDGE ECONOMY

The flow of money and information is now global. Regions are defined as much by their satellite footprints as their places in the atlas. What matters in the information age is where global corporations invest, not where they are headquartered or where they pay taxes. Knowledge can be deployed from anywhere at anytime by any person or organisation. Moreover, knowledge has no respect for place, history or tradition.

As many skills become computer based and more easily transferable, corporate loyalty to a particular place or region will decline. Routine processing work for example can be done easily anywhere as far as there is connectivity. In the intensely competitive environment of the Information Age, global organisations will seek out the lowest costs and the highest productivity – wherever these can be achieved. By investing in developing countries, for example, firms can now have new technology, high quality, high productivity and low wages.

Recent government interest in the privatisation of state-owned industries; and deregulation in airlines, telecommunications, and utilities will open up new huge markets and unleash a wave of competition into the economy the like of which has never been seen before.

Whereas the industrial age organisation was built around the availability and use of land, labour, and money, the information age company will be firmly based on the deployment of knowledge and the imaginative use of technology. If you have doubts, consider that in most large American manufacturing companies the intangible assets are now worth twice the tangible assets – a reversal of the position only ten years ago. In service and high-tech companies, this multiple is five to fifteen-fold. These intangibles or intellectual assets are based primarily on the skills and capabilities of their so-called knowledge workers, who will within a few years, outnumber blue-collar workers at their highest historical level of employment.

There has been much talk recently of the “knowledge-based business” and the “learning organisation” but what do we mean by “knowledge” and how would it become the new source of competitive advantage?

Clever and creative people have always used their knowledge to design innovative products and services, but knowledge will take on a different and much broader meaning in the information age. Instead of knowledge being vested in one or two clever people, it will become embedded in SYSTEMS and DATABASES and made AVAILABLE TO ALL.

To achieve maximum effectiveness, knowledge must be systematically accumulated, shared, and purposefully deployed in building the core competencies of the firm e.g. important information about customers, instant access to frequently asked questions can help workers solve problems quickly. It will mean improving business processes through understanding not just the results of management actions but HOW and WHY those results came about, and it will mean applying knowledge to how work is done.

Continuously improving the stock of knowledge will be critical to success. But simply creating knowledge sharing networks and feeding them with information will not necessarily generate the desired results. New insights are emerging into how people learn and where such learning takes place. In the information age, work is as much a social as an economic activity and learning is at its sharpest if conducted informally. Learning can be more tightly focused if conducted on a one-to-one mentor-to-apprentice type basis. Computer networks will definitely be adapted to facilitate this type of interaction.

New performance measures must also be found to support the knowledge-based organisations. New measures must be developed that link actions to strategies, monitor changes in intellectual capital and encourage value-creating work. Output per hour as a productivity measure has little relevance when it is innovation, service quality and customer loyalty that need to be encouraged.

2.3
COOPERATION AND COMPETITION

Traditional industrial boundaries are becoming blurred. Many companies now span multiple industrial categories and join forces with partners with equally wide spheres of activity. Indeed, some firms simultaneously compete and co-operate with each other. Through these new forms of alliances, variously known as ecosystem or economic webs, firms are feeling their way into information age competition.

According to American economist Brian Arthur, the emergence of knowledge-based businesses has turned much of traditional economic thinking on its head. Many companies no longer “go it alone”. They are now more likely to be involved in some form of economic web that will have one or two leaders and a large number of followers who find niche ways to add value. The difference is that once formed, these webs can break the law of diminishing returns. In fact, they are subject to increasing returns as their web leads the market, attracts more supporters, and locks out other possible competitors. 

The industrial economic model that underpins traditional managerial thinking and provides the framework for most accounting systems is fast becoming irrelevant as new managers contemplate competitive actions. Its makers never envisioned a world of alliances and webs where companies would compete for the minds and wallets of customers and advertisers by offering free products; nor did the early economists imagine that competitive advantage would be based on speed, innovation, service, and customisation as well as volume, scale, and low cost.

But above all, such mechanistic models can find no mathematical formulae that can stimulate the effects of trust, loyalty, and the strength of relationships – these are the critical factors that will determine success in the information age. Finding the right employees, suppliers, customers, and partners, fostering trust between them, and designing the right systems of measures and rewards will have a far greater impact on future performance than models based on cost-volume-profit analysis.

2.4
FRAGMENTATION OF MARKETS

In his book, "The Third Wave", Alvin Toffler said "the industrial revolution formed an entirely new concept – that of 'massification', in which we find mass production, mass markets, mass consumption, mass media, mass political parties, mass religion and weapons of mass destruction".

The information age will witness the reverse trend – that is toward demassification, where factories, cities, and even nations will recede, and smaller minority interests will come to the fore. One only has to note the recent period of downsizing, the proliferation of niche-markets, television channels around the world, and the explosive growth of the Internet to confirm that this is now happening.

Not only are jobs disappearing but the way the remaining work is performed is also changing. The traditional world of career-based jobs, with contracts of employee holiday and pension entitlements, and clearly defined promotion structures, is giving way to part-time work, contract work, project teams, self-employment and many other types of independent work-group activity – often separated from the apron strings of the organisation itself. 

So where will the new jobs come from? At this stage there are no clear answers. Some believe that because new technology will make workers far more productive, there will be declining need for large numbers of them. Others have more faith that the capitalist system can renew itself and, through increased productivity, create enough wealth to continue the rise in living standards and spending power sufficient to trigger a new cycle of growth in both investment and jobs. Indeed, these new jobs are to some extent already happening in health-care, entertainment, community services, software and education.

However, one thing is certain as individuals contemplate their future in the information age job market. They must learn to become more independent and take charge of their own career development. This will mean ensuring that their knowledge is current and useful. Consequently, continuous learning must become an essential part of their self-development program. How much value they can add to a firm will become more important than the certificates they hold or positions they have achieved. Résumés will track contribution and results rather than position and salary. Faced with this new reality, more people will try their hands at self-employment. A more fractured world made up of relatively few large corporations supported by networks of small independent businesses that share and exchange knowledge with their corporate elders would likely become the pattern for the information age.

2.5
DIVERSITY

As more and more age-old boundaries in business are becoming blurred, the industrial boundaries are fast disappearing. Other barriers put in place due to differences in culture, race, religion and language are also being eliminated. Geographical location, a factor that previously hindered businesses, is becoming immaterial in the general scheme of things.

The global economy, based on the technology in the information age, and the emergence of knowledge-based businesses, have diversified the business arena to include parties from various backgrounds, providing them with a common ground and common language, irrespective of their physical and geographic dispositions. 

3.0 The Present Set-up of a Typical Engineering Consultant

Figure 1.0 illustrates the present status of a typical engineering consultant in terms of human resources and facilities.
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The upper-right quadrant depicts the likely level of human resources available, which is supported by the facilities listed in the upper-left quadrant. The lower-left quadrant represents obsolete facilities, while the lower-right quadrant represents untapped collaborative partners in the field of marketing, administration and finance.

4.0 Strategy for Repositioning The Consulting Engineer

Clearly, enabling technologies in the third millennium will liberate both users and owners of information to use information personally and directly. A common strategy being adopted by many organisations is to flatten the management hierarchy. To the consultant's already lean hierarchy, this means empowering individuals to make the strategy successful. That is to make available to these individuals information to support rational decision-making. So far, only IT can support the implementation of this strategy, yet it is not frequently used effectively.

Enabling technologies such as object-oriented models, client/server architecture and Internet Protocol infrastructure provide power to the individual, with information available to support effective communication, workflow collaboration, project management, information / document / knowledge management that is accessible from anywhere at all times.

Accordingly, to reposition the consulting engineer in the next millennium, we need integrated tools that would optimise those enabling technologies. As usual these days, the Web presents a solution. Web-based services for building private, secure Web sites, where a team that might consist of different firms, can collaborate on a project are readily available. Such services include document sharing, project management, task tracking, discussions, forums, calendars, and real-time communication capabilities.

Generally, these teamware services can be used on a per-project basis or as an entirely outsourced network infrastructure. A project home page can be set up to give a single space for tracking all activities on an ongoing basis. With these services, a project team will come together on the Web without having any Information System (IS) infrastructure of their own. And since they do not have to host the infrastructure themselves, they can invite in anyone they want, without compromising their Local Area Network's security.

These services have three core functions: document management (a place to store and manage documents), threaded discussions (a place to exchange ideas), and project management tools (a shared calendar or task list for recording deadlines and milestones). The following features will serve as a guide for evaluating a service provider that would take the consulting engineer into the next millennium:

4.1
Collaborative Communication
To facilitate the exchange of ideas, the service should support threaded discussions, searchable bulletin boards, voting forums, mail integration, notification of changes, and real time chat and conferencing.

4.2
Project Management

Project management should not stop at Gantt and PERT charts, but basically include scheduling meeting times, maintenance of a list of shared events, and assignment of tasks to team members with deadlines. The service should also have agents to track the progress and produce status reports, including valuations, payment certificates and monitoring and evaluation.

4.3
Information Management
The service should include ability to maintain group appointments, check for conflicts and provide varied calendar views. Also it should include ability to maintain shared contacts and synchronise with standard Personal Information Manager (PIM) applications, such as Microsoft Outlook.

4.4
Document Management
The ability to share ideas and documents, which is an important collaborative environment, should include provision of document check-in and check-out features, maintenance of versions of edited documents and implementation of Document Review Cycle. Users can upload external data files, such as Microsoft Word document or Excel spreadsheets, to areas on the site where other users can share them.

4.5
Off-line functionality
Once the project team is united into a teamware service, it will be accessible from anywhere. Would it not be great to access it without a live Net Connection? Hence, the ability to replicate the entire project off-line and synchronise changes after reconnection should be a welcome idea.   

4.6
Security
Security policy will include levels of details in assigning access rights to users and projects. Related factors include the range of rights assignable, whether browser timeout is implemented, and whether some form of encryption is employed.

4.7
Simplicity in Set-up, Administration and Training
The ability to set-up a project and add users, modify user properties and the site’s structure, and monitor usage should be made easy, while training includes one-to-one interaction.

4.8
The idea of optimising teamware services is a wonderful one with dazzling potentials. These services make it possible to create a framework, quickly and cheaply, for collaborations among disparate users that were impractical in the past. For instance, in this age of "coopetition", two competing firms often need to work together, but neither is willing to give the other access to its facilities.

The speed and low cost of teamware services permit setting up the equivalent of a firm's intranet without involving an organisation's IS department. Using an external service also has the advantage of off-loading the backup and other maintenance chores to the service.

5.0 Conclusion 

The future landscape will be accompanied by rapid technological and societal changes, bringing in their wake powerful and unpredictable consequences for countries, businesses, and individuals. These seismic changes will guarantee success to knowledge workers only. The consulting engineer therefore requires some vast training programmes to fit in.

The challenge for global co-operation and competition implies empowering individuals with enabling technologies such as object-oriented modelling, client/server architecture and Internet protocol infrastructure.

We should reposition ourselves by carving specialised niches through optimising teamware services to support effective communication, workflow collaboration, project management, document management and knowledge management on any device, anytime, anywhere.

Only then could we have repositioned the team to get the power of single-point control for deploying, managing, and supporting project delivery applications, including enterprise-wide roll-outs, updates and additions. Team members will get the universal access to the services they need, the exceptional performance they require and the familiarity and ease of use they are accustomed to. In addition, these services are cost-effective and secure.

These are the smartest IT tools that do the processing. To drive them, we still need the vision of the people, to do the critical thinking. And above all, we need among ourselves trust, loyalty, and the strength of relationship to really stimulate diversity in the next millennium. 

Do not rely heavily on the technology alone, it takes people to manage it.
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Figure 1.0: Human Resources and Facilities of a Consultant
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