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but growing new field. In the pursuit 

of this new technology, it is impor- 

tant to remember that humanism 

cannot be denied..." 
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Preface 

In the beginning of any project there is a spark of inspiration that leads one to 

pursue the unknown. For the past five years, considerable research has taken place 

in the field of human-made machines that act or peform functions like humans. The 

goal of this book was to do the following: 

1. Address the underlying problem that management and people are at the 

center of all concerns in the use and abuse of technology; 

2. Recognize that communication and understanding are the limiting factors in 

the development of artificial or machine-based technologies; 

3. Understand that technology has a social function as well as an analytical 

function; 

4. Cope with the limitation that present technology is hardly more advanced 

than the Model T was in its time period and the technologies that will emerge 

even only 10 years from now will be as dramatically different as the jet 

airplane is from a candle. 

Chapter 1, "Trends in Knowledge Technology," examines communications 

and information technology in business and business management. Topics include: 

the move away from the pyramidal business approach; the development of virtual 

management, which stresses the incorporation of new technology with humanistic 

concerns; the multidimensional management system which recognizes the individual 

employee as a data base management system in itself; and computer communica- 

tion, networking, and computer-aided management. 

Chapter 2, "Issues in Knowledge Technology," takes a look at various 

problem-solving strategies for use in business management, the limits of information 

in a machine as well as humans, the concept and limitations of time in business 

decision-making, and language as it relates to understanding. Important to this 

chapter is the emphasis on human/machine relations and how they work together, 

rather than deciding which is better than the other. 

An overview of expert systems, Chapter 3, defines and explains the various 

aspects of this science, which is considered both a part of, and a separate entity 

from, AI. With an emphasis on reasoning about the knowledge underlying human 

expertise, as opposed to the emphasis on knowledge itself that characterizes 

AI, "Expert Systems" examines the need for establishing standards; inference, 

xvii  
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reasoning, and knowledge acquisition; commonsense reasoning; and natural lan- 

guages. 

Chapter 4 reviews visualization systems, systems capable of providing simu- 

lations or models of the physical world. Still in an early development 

stage, visualization systems, their current status, and potential are examined. A 

detailed look is taken at computer-aided programs and the current state-of-the-art 

in such systems. Specific topics in "Visualization Systems" include conceptual 

information processing, spatial reasoning, and communication and information 

theories. 

Chapter 5, "Artificial Intelligence," provides a new look at AI. Most important 

are some of the philosophical developments that laid the groundwork for AI. 

Robots, as opposed to machines with intelligence, are also studied. This chapter 

concludes with a discussion of an architecture for intelligence. Here, the need for 

standards, an idea first introduced in Chapter 3, is reemphasized, and virtual 

processing, a mental gaming process that "devises ways to probe and enhance the 

abilities of both the brain and the machine," is introduced. 

Knowledge networking systems are the subject of Chapter 6. Recognized as 

the technology that will probably cause the most dramatic change in business and 

business management, these systems are studied in relation to organizational 

communication and corporate management. Topics in "Knowledge Networking 

Systems" include human interaction, perception, organizational relationships, orga- 

nizational networking, decision making, and on-line idea exchanges. 

Chapter 7, "Metal Models," (that's correct, not mental models) review human 

mental and machine (metal) modeling, examining ambiguity as one of the most 

important characteristics that currently separates humans from devices. Thought- 

processing applications are discussed as they relate to the sales and marketing field, 

with a particular look at CROSS/POINT®, a program that "supplies the end uses 

with the building blocks for applications" such as project management, software 

management, financial planning, marketing, field engineering, and virtually any 

endeavor that requires manipulation, tracking, and communication of ideas between 

people over time." 

"Future Trends in Knowlege Engineering," Chapter 8, concludes the book. 

Planning and methodologies for the practical applications of knowledge engineering 

are reviewed; a sample business plan and a short-term information resource 

management plan are also included. Anticipation technologies are discussed as 

issues for future users and designers of artificial intelligence. The text ends with a 

reemphasis of the need for a working relationship between the people and the 

technology: "The interdependence of technology and behavior cannot be overem- 

phasized." 

This text is meant to plant the seeds of knowledge, to instill that sense of wonder 

about a young, but growing new field. In the pursuit of this new technology, it is 

important to remember that humanism cannot be denied. Knowledge Engineering 

is meant to expand "human effectiveness and efficiency," not replace it. 
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Audience 

This book is intended for those who are faced with management problems of all 

kinds and would like to think there may be some emerging technologies that can 

help solve them. Most importantly, for those managers who realize that communi- 

cation is the most significant part of any working activity. 

Expected Results 

This book is to help begin the process of examining how computer-communication 

technology can help by: 

1. Improving and managing time more effectively, 

2. Enhancing communications among workers, 

3. Lowering and managing costs, and 

4. Simplifying management activities. 

 



15 © TECHtionary.com 

 

 

Chapter 

1 

Trends in Knowledge 
Engineering 

 



16 © TECHtionary.com 

 

KNOWLEDGE ENGINEERING 

Introduction 

Knowledge engineering (KE) is the application of machine systems to problems of 

human endeavor. The purpose is not necessarily to develop systems that replace 

humans, but to allow the use of systems that increase human effectiveness and 

efficiency. The goal is to encourage humans to do what they do best, whatever this 

might be, at a time deemed appropriate, and to allow machines to assume the 

functions best suited to them, such as power saws, mechanical arms, and payroll 

computers do. 

KE has many major functions that are discussed here. Some of the fundamental 

KE issues addressed are: 

Å Ergonomics: Human-machine interaction 

Å Problem-solving and decision-making 

Å Thinking 

Å Communication: People-people, people-machine, and machine-machine 

Å Dark-side problems (fear, conflict, privacy, etc.) 

Å Intelligence 

Å The future 

These issues are woven throughout the book, supplying the topical glue 

between distinct discussion areas. Of course, there are other areas related to these 

issues that are not covered here. It is the purpose of this book to focus on the 

concepts and issues of KE that will impact on business management strategies, 

productivity, and the key element of any businessðits people. Much like auto 

mechanics determined to increase engine speed, those of us engaged in research in 

these areas often fail to present adequate and informative reasons for such 

enthusiastic pursuit. 

There are many humanistic and bottom-line reasons for explaining KE and its 

potential benefits to humankind. Experts, such as Herbert A. Simon, suggest that 

automationðthe augmentation of manpower by machine powerðis not the only 

way in which fundamental research in heuristic problem-solving is likely to 

contribute to productivity in our society. The most important productive resource in 

our economy and, very likely, the most important resource for generations to come, 

is brainpower. 

We are now learning a great deal about how this brainpower operatesðabout 

the processes of human thinking. This subtle, yet key issue is fundamental to any 

research in KE. It is the pursuit of humanistic uses of technology that offers the 

greatest challenge and hope for improving productivity and performance, while also 

improving the quality of life. 
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There are no right or wrong answers, only new problems to be solved. In the 

past, machines held forth the ability to free people from mundane, tedious, and 

repetitious tasks and chores. KE promises to facilitate human communication and 

interaction in ways unavailable or impossible without these systems. Moreover, as 

these systems become more "intelligent" and more competent, they should gradu- 

ally acquire the ability to make decisions on their own. The application of 

self-directed thinking machines offers mind-boggling benefits to education, quality 

control, and field engineering, to name only a few applications. The development of 

KE systems that can go places too toxic or otherwise unfit for humans is reason 

enough to pursue the development of such systems. 

Knowledge Engineering Limitations and 
Possibilities 

We now stand at the foot of the KE mountain, trying to find the most efficient path 

to the top. Today, the limitations of KE are associated with these general areas: 

Å Computing capability 

Å Problem definitions 

Å Machine languages 

Å Human knowledge ability 

Of these four areas, the basic horsepower problems of computing "engines" is 

the easiest to tackle. Computer processing capability has crossed the billion- 

instructions-per-second barrier. Computer memory now exceeds a billion bits. 

Communications technology now easily exceeds a billion bits per second using fiber 

optics. Storage technology now often exceeds a billion bits in a refrigerator, and 

soon a breadbox; and so on, and so on. Technology has often exceeded most 

projections and expectations. 

The processes of how humans approach a problem and how we explain these 

problems to machines are closely related. Although current human interfaces and 

programming languages offer vast improvements, still their development remains in 

the dark ages. 

The ability of humans to adequately understand, define, analyze, structure, and 

utilize a machine model is also quite fundamental in its development. People have 

a hard time identifying problems and reaching solutions in a normal human 

environment. When you introduce the handicap of trying to explain a problem using 

today's programming languages, the task is even more difficult. It is, of course, a 

major fallacy of computer folklore that machines can, in any real way, replace 

people. However, this does not mean that the machines or systems of the future will 

not be as intelligent as people. Fears concerning these developments are both 
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justified and unjustified. This seeming paradox portends that we can achieve all of 

our hopes for machines and for humans as well. 

There is a dark side to computer advancement that corresponds to the dark side 

of humans. Despite their benefit to people, intelligent machines often become 

monsters of the id; they can be used in any possible way for war, invasion of 

privacy, and human destruction. In this case, machines are only extensions of 

humans and can be used as their warriors. 

This issue both leads to and stems from the area of human knowledge ability. 

Humans must recognize their own frailties, inadequacies, and limitations, and how 

they affect the technology. This is different from the problem definition issue. 

Humans might not as yet be adequately equipped to understand all of the forces 

behind intelligence, thinking, or other human mental processes. We might need to 

evolve a bit further before we can develop machines that can be as intelligent in as 

many ways as we are. This is not to say that humans will not design, build, and use 

these "power tools"; rather, it might take a massive effort of machine power, 

human-machine interface, and new problem-solving methods just to develop 

machines that have an average IQ. 

This book is intended to be an intermediate step between understanding the 

vast complexities of how KE works and realizing the practical effects it has on how 

we manage our business affairs. We might not need to know one to understand the 

other, but it could help. 

Information Technology in Business 
Management 

The technology of the office of the future is painfully emerging. As with children 

who thought they wanted to be firefighters and now are productivity analysts and 

systems managers, the office is emerging as a new entity. The people and the 

technology of the organization are restructuring the organization itself around 

information. 

Technology is becoming a survival issue in service industries like banking, 
brokerage, and sales. If you don't use the available technology to supply the 
same or better service than your competitor, you cannot win in the 
marketplace. . . -

1 

notes Robert C. Hughes, vice-president of business and office systems marketing for 
Digital Equipment Corporation. 

Technology is rearranging organizational schemes from a pyramidal approach 

to one that appears flat. There has been a decrease in the number, and a change in 
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the type, of management levels in the past few years. In essence, they have been 

declining, reducing, and shifting power throughout the corporation. 

Management Styles and Information 
Technology 

Matrix management was once highly touted, then almost forgotten. As with most 

products, timing is the absolute key to success. Matrix management's timing was off 

by a decade. It will re-emerge as information technology-based systems evolve to 

provide a communications-based organization. Matrix management was the first 

step in breaking the bonds of the old production organization. It forced managers 

and staff to look around and work outside of their closed environment. The matrix 

organizational chart was fluid, allowing projects, task forces, and internal consultants 

to operate freely. It was far more open to innovation than a reactive mode of waiting 

for orders from headquarters. Seeking creative business relationships allows people 

to excel. 

This management style is needed more than ever today, with an increasingly 

independent, educated work force that needs to be challenged. Moreover, as the 

number of skilled workers declines with the "baby bust," X-type (trustless) 

managers (Y-managers trust their employees) will not be able to function effectively 

in the old top-down environment. According to Rosabeth Moss Kanten, matrix 

management: 

focuses a new style of management, because in the matrix you cannot order peo- 

ple around, you cannot command them to do what you want. You don't own the 

people and own their time, so you have to learn to persuade and once you learn 

that, you have to learn to sell your ideas. And that, by the way, often means that 

you need better ideas. Of course, you don't need a formal matrix to do that, just 

an acknowledgement of cross-functional collaboration.2 

Matrix management probably needs a new name. In this book, I use the term 

virtual management (VM) to describe a management system that thrives on new 

technology combined with humanistic concerns. VM, like matrix management, 

relies more on communication than information. It uses both the technology, such as 

knowledge networking, and the styles of management that keep people "in touch." 

VM focuses on the human ergonomic issues, recognizing that all organizations are 

societies of people. 

Professional/career and life-style associations 

In a paper I wrote about five years ago, called "Organizational Marketing (OM)," I 

projected that future society would fall into two major environments: professional/ 
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career associations and life-style associations. If people need a job, a professional/ 

career association helps them find one. In addition, this association creates new 

opportunities for faster recognition within the company, especially for aspiring 

women. It is surprising to talk to men and women about their involvement in these 

professional associations and to discover how significant they are to these people. 

The other major association is life-style. In Boulder, Colorado, for example, 

people are more often identified by their life-style than their occupation. Occupation 

brings in the money; life-style exercises freedom. Life-style associations run the 

gamut from sports to religion, from exercise to PC users' groups. Indeed, in today's 

mobile young communities, such associations often play the role of an extended 

family. 

Life-style associations are the "soft side" of humanity. Not just in good deeds, 

like Boy Scouts, but in terms of art, culture, music, and playðthe enjoyment of the 

world around us and its beauty. These associations have existed for thousands of 

years, mostly involving games and sports. Many emerge and become popular only 

to die off, and others like chess, the Olympics, and dice exceed the life span of some 

religions. 

The distinction between career and life-style associations is blurred. Certainly, 

there have always been the gypsies, beatniks, hippies, punkers, and other groups of 

people who seem to only have a life-style. Others, however, such as Mo Siegel of 

Celestial Seasonings Teas®, have made careers worth millions capitalizing on 

life-style, and there are hybrid career/life-style associations, such as the Peace 

Corps. 

Business associations are used to further the life-style interests of business 

associates, and life-style associations often provide opportunities for striking up 

casual business acquaintances. The ability to create associations of any kind is 

important, and understanding their significance and their role in the corporate 

culture of tomorrow is critical for corporate survival. Matrix management, virtual 

management, and professional associations are corporate cultures at work. They 

must be assimilated into today's operations and tomorrow's planning for corporate 

growth. IBM is famous for its corporate culture. It is also famous for its success. 

There is a correlation. 

Yet one must always be wary of these "cultural" aspects. Remember that the 

industrial age had its own style, and with the rapid growth of new technology came 

new labor unions that were not based on corporations but on specific professional 

abilities and skills. 

These associations now number in the thousands and include, for example, the 

North American Society for Corporate Planning, the International Facility Man- 

agers Association, and one that I helped startðthe International Tele/conferencing 

Association (IT/CA). These associations flourish because they provide members 

with the information they need and contribute esteem and awards to people who are 

often unappreciated within their own company. To many, professional associations 

are at least as important as the company they work for. Corporations need to 
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understand that the information age will evolve, will possibly become more 

communications-oriented, and therefore will need a different corporate culture than 

has previously existed. It will not be enough to use the new technologies to build a 

better mousetrap. The corporation must use technology to help manage the people 

who build, sell, and support the mousetrap. 

Management Sources of Information 

Computer communications technology helps expand problem-solving capacity by 

reaching beyond the limitations of time and space. This is a capacity found in the 

very technological foundations of computers (large memory capacity, high-speed 

calculation, integrated control functions) in an on-line, real-time system. One of the 

most advanced problem-solving systems of this kind is the forecasting, evaluating, 

and warning system. It provides quick discovery of problems in rapidly changing 

circumstances, forecasts future trends, evaluates the degree of danger created by 

these problems, and issues a warning when danger appears. To allow use of this 

technology, some special information management styles will emerge, peddling a 

variety of sources of information. 

The principal management sources of information will be in the following areas: 

Å Information providers 

Å Information organizers 

Å Information users 

Å Power brokers 

Information providers  

Information providers are those involved in the creation of intellectual values. 

Information providers will decide what information, or raw data, should be made 

available to users. They arrange information in a data base for future access. 

Information organizers 

Information organizers, or facilitators, will operate computer systems that assist 

people in at least three ways beyond merely locating information. The systems will 

be of the following types: 

Å They will be proactive; they can detect a problem before it becomes serious. 

By analyzing present tendencies and predicting future trends, these systems 

can present potential alternative solutions. 
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Å They will discover hitherto unknown problems. Humans tend to find the 

familiar patterns, and machine systems can consider all possibilities in their 

calculations. 

Å They will be able to solve problems that are complex and protracted; for 

example, the contamination problems at Love Canal or a nuclear missile 

crisis. 

Information organizers will help build bridges between users unfamiliar with 

the vast corporate or external warehouses of information. They will manage the 

acquisition of that information and its condensation into digestible bites for 

consumption. The growth of information centers as the means of managing, 

controlling, accessing, reviewing, and moving information will fuel the growth of the 

organizer's role as a vital interface in corporate management. This manager will 

have powers similar to a White House adviser. The President must base decisions 

on the information boiled down and presented by his advisers. The very act of 

synthesizing information is itself a policy decision. 

Information users 

For the information user, new trends are emerging that solve old problems and 

create very real new ones. The user community is changing rapidly. Computer 

technology is, on the one hand, fueling this change by providing users with vast 

amounts of information to increase productivity and, on the other, creating an 

information "gap" in managing and controlling information because each user is 

information-autonomous. 

Users want information, namely their information in their personal computer, 

and have little regard for corporate integration, protocols, standards, and capacity 

requirements. The user is a moving target, and in all likelihood is working at home, 

on the road, or on the move. In response to this phenomenon, some corporate 

organizations now have personnel who are experts in user needs in both business 

and life-style. 

This new breed of user is creating its own data bases, without regard for 

eventual interconnection to co-workers. The user's principal concern is problem- 

solving, or decision-making, which involves devising a way to eliminate risks and 

uncertainties that might stand in the way of accomplishing goals. It also appears that 

the user does not allow anyone in the organization to stand in the way of acquiring 

the technological tools necessary to perform the desired task. In many instances, an 

individual has brought a microcomputer, with some personal software, into the 

office before the corporation has supplied these tools. Tomorrow's corporation must 

spot such trends, analyze their impact, and quickly respond to them. 

User aggressiveness is starting to have a far-reaching impact, not only on the 

organization but on society in general. The computer is opening new, complex 

possibilities and creating new social values simultaneously, without regard for 
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economic, political, management, or labor conditions. Thus, the user might be the 

most complex issue facing management. 

Power brokers 

The power brokers, those organizations involved in the technical production of 

computing, storing, and communicating information, will provide the impetus for 

the proliferation of telecommunications and information technology. Information 

generation will be a critical focus in the years to come, whether computer facilities 

are available for large- or very-large-scale processing. 

Distributed processing enhances the overall system processing capability by 

matching it with individual user requirements, whether this takes place at central or 

remote sites. However, the limitations imposed by different computer operating 

systems, networks, and dysfunctional software systems will lead to gross shortages 

in global processing. The winners in this area will be those companies that are able 

to maintain a high level of processing as well as "broker" unused time to the outside 

world. 

Corporate managers relying on global networking have key performance 

capabilities that transcend corporate boundaries. The ability to network globally 

will be one of the critical factors in future success. Like Roman legions who were 

strategically located in distant lands to check and supress uprisings or foreign 

invasions, networking can electronically bring the equivalent focus at any point. 

Information gathering can also take place to gain a better understanding of the 

forces that are needed in any given area. Information gathering points are an 

important part of this process. 

Information Processing 

As previously stated, information providers are the information-age gatherers and 

farmers of specialized information and data. Information gathering and processing 

are complex processes. If you gather the wrong information or gather the right 

information but process it at the wrong time, you end up with the familiar "GIGO": 

garbage in, garbage out. 

In market research, most companies gather information in two years, then 

project by using the growth or decline of the product or market. This is referred to 

as traditional linear projection -making. There has been a tremendous amount 

of controversy, however, over strategy versus basic market statistics. It has been 

argued that market statistics are reflections of "real" sentiments and pressures of the 

marketplace and/or customer in actual terms. Strategic information, though, has to 

do with taking the raw data and building the product with it. This question involves 
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more than market demographics because an understanding of market wants is often 

ahead of the market itself. 

Strategic planning is the flip side of market statistics. This market consumption 

of information yields a diminishing value of either strategies or demographics. IBM 

is both a strategic and a statistical player. It develops in advance the products that 

can give it a competitive edge. The company is then capable of waiting, due to its 

size, for market pressure to build to the point where the statistics clearly 

demonstrate that IBM will probably be able to totally dominate the market. 

Information organizers also need to be concerned with the processing and 

packaging of information. Processing information into viable strategies takes on new 

meaning because of the vast amounts of information being created every day. Over 

two million words are available every day to a newspaper editor; thus, processing 

and conveying meaning becomes complex as well. 

What information is important? And to whom? Do we develop better packaging 

of information to facilitate its understanding by users? Do we keep it generic or 

organic, that is, developed without additives? 

Information Processing Innovation 

Processing of information in the future might lead to better attempts at innovation. 

There is some evidence in our own company's development of software, and that of 

others, of what has been called mindware. This is similar to computer-aided design 

(CAD) for the mind and ideas. Like product innovation using a CAD system, 

computer-aided thinking (CAT) might yield the sales strategist new approaches to 

sales and marketing. These types of systems will, in all likelihood, allow managers 

to model scenarios and concepts formerly unthinkable for computer simulation. For 

example, what would be the impact of reduced retirement age requirements on 

"baby bust" job availability for top-level management positions in recessionary 

conditions? This example again reflects a balanced approach to informationð 

statistical and strategic. Statistics are needed to give fundamental baseline infor- 

mation, and strategic players can analyze and give their opinions about impacts or 

outcomes. 

Another example is the role IBM will play in the emerging computer-aided 

communications market. Presently, market forecasters have projected major growth 

in full -motion video teleconferencing. The subtle issue here is that IBM's product is 

still-frame video, not full-motion video. IBM understands, among other things, that 

managers communicate at their desks or in nearby meeting rooms; in other words, 

managers communicate close to people they know well. There is little need for a 

picture 30 times a second because most forms of management communication and 

presentation use transparencies or slides that do not move. 

IBM developed an innovative product that fit in with their product line and 

dramatically changed the computer-aided communications market. Although IBM 
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guessed correctly, those companies that put all their eggs in the full-motion video 

basket did not. This points out how strategic marketing can fail. It has been said that 

if you think you know what is going on, you are probably wrong. Market forecasts 

might not truly reflect the market. Remember, even IBM forecast relatively few 

units of its IBM PC to be sold as executive add-ons to its installed base of larger 

computer systems. 

Users, or end users, as they have become known in the computer industry, 

become more of an enigma every day. Their information needs differ greatly during 

the course of a day. Their work habits change as frequently as their offices move. 

Generally speaking, the proliferation of personal computers has occurred as a 

result of the ability of certain types of software to automate frequent or redundant 

activities. Reports, including status or action-item updates, and financial and 

profit-loss statements can now be automated easily by using word processing or 

spreadsheet software systems. (Automate is used here to describe the mechanical 

aspects of the function, such as adding or subtracting columns of numbers or 

correcting spelling and grammar in text.) The expanding base of personal computers 

has slowed, and will continue to do so until new software systems are developed to 

assist managers with the less automated, or more complex, aspects of their jobs. 

Managers and information processing 

Table 1.1 demonstrates that the majority of a manager's time is spent in commu- 

nication, followed by telephone conversations, desk work, and thought. It is in the 

areas of desk work and thought that information technology needs to address issues 

different from those available today. Simulations and projected outcomes of today's 

events in the future are typical issues most managers work with. Statistics might not 

give enough insight to be definitive. The strategy might be too vague for an 

agreement on the assumptions in the projections. 

This is the information dilemma faced by most managers: an overload of 

information that is not filtered well enough to be appropriately used in any 

definitive way. The role of information technology in creating more data is thus 

suspect and, in many cases, frustrates managers to the point of blaming the 

technology for bad decision-making. 

The other area where information technology is rapidly affecting the end user 

is in communication. This is discussed elsewhere, but a slightly different issue is at 

stake here. Information in the form of communication is thought of as electronic text 

mail. Voice, image, and rapidly approaching video frames are altering the types of 

information found in many offices today. The packaging of these new types into 

effective plans and presentations will change the overall nature of management 

communications in regard to meetings, presentations, and conferences. All four 

types of information managers discussed will be required to put together such a 

gathering and presentation of material. The corporations that start gearing up now 

for these events, from a technological and a management viewpoint, might find 
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TABLE 1.1    Manager's Distribution of Time 

Current manager's distribution of time 
Å Communicating information transactions 

Meetings 30% 
Telephone 20% 
Travel 20% 

Å Seeking information transactions 
Desk work 30% 

Future manager's distribution of time 
Establishing communications/information transactions 

Performing people interfaces 40% 
Meetings 

Presentations 

Audio conferencing 

Video conferencing 

Å Traveling 10% 

Å Seeking information transactions 

Å Performing system interfaces 50% 
Dictation 
Telephone-voice mailbox 

Computer conferencing 

Viewdata-data systems 

Decision support systems-assisted 
"thinking" 

Computer-assisted retrieval 

themselves in a powerful position in the information brokerage marketplace of the 

future. 

The challenge for KE will be to manipulate these new communication forms 

into traditional paper-based management functions. New types of software are 

emerging that have been called visualization systems. In artificial intelligence 

(AI) terminology, this refers to machines that can relate visually to their environ- 

ment in a way similar to humans. These systems relate to users as the user desires, 

rather than as the machine dictates. 

In designing software systems for end users, a number of issues are present that 

are generally not considered by most software designers. An entirely new approach 

to ergonomics (human-machine interface) is needed in designing and using software. 

A flexible approach to understanding the needs and desires of the changing user is 

demanded. Software must be able to learn and adapt to the user, rather than the 

user learn and adapt to vague, uncertain, and complex command key sequences. 

The trend toward manual-less software and hardware systems with the documen- 

tation available at any time on-line is important, but unlike most of today's on-line 

systems, it must be more than putting the paper version into an electronic text file. 
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It calls for a reorientation, a rethinking of human communication, and a dynamic 

interpretation of how a human can relate to a complex machine. (See Foeher and 

Cross, The Soft Side of Software: A Management Approach to Computer 

Documentation; John Wiley, 1986.) 

Multidimensional Management Systems 
(MMS) 

The concept of matrix management was introduced by organizational theorists 

because, among other things, technology was beginning to offer new ways for 

workers to communicate. As opposed to the traditional management structure, 

workers could be linked in more than one reporting function. Workers adapted to 

this management scheme much faster than had been anticipated because it offered 

the opportunity for excellence in a number of different pursuits rather than in those 

few pursuits available within the conventional job description and classification. For 

example, a worker interested in acquiring the skills for managing software 

programmers has a better chance of doing so in a matrix management system 

because the structure is more goal-oriented than the traditional control-oriented 

management systems. Matrix management recognizes and encourages the growing 

diversity of the new information age work force. VM is the next step in recognizing 

the role of technology within the corporate sphere. 

Multidimensional management structure is another hybrid concept in the 

continuing evolution of management systems. Multidimensional systems are square, 

round, rectangular, or almost any shape other than pyramidal. Multidimensional 

systems are not necessarily hierarchical, relational, cross/pointlike, or networklike 

in their information relationships. There are no roles, just challenges. 

Multidimensional systems already exist in a number of corporations, and many 

more are now testing the concept. In multidimensional management systems 

(MMS), each employee or staff member is recognized as a human data base 

management system, to use a conventional term. See Figure 1.1 for examples of 

some emerging management approaches. Each employee might also be called a 

node, a little less human-sounding, but, nevertheless, an appropriate term for 

describing the relationship of the person to the network. 

When management's role was primarily to oversee a worker's actual perfor- 

mance, the necessity for being close had to do with physical proximity. In 

information-age environments, this idea is outdated. In our organization, for 

example, we have had people telecommuting during their entire work life. 

Occasionally, they have worked in the officeðat their option, not the company's. 

Some have even worked "on the road" like Charles Kuralt. 

Technology has changed all of the rules. In some cases, technologically-based 

organizations have no physical proximity to their workers. They have closeness in 
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6660 

BUS 

 

SPORTS CAR 

Figure 1.1     An example of multidimensional management systems. 

another sense, through electronic communications. A similar closeness to the 

customer can also be established. MMSs are an extension of this concept, yet are 

appropriate for large organizational systems where staff size numbers in the 

hundreds or thousands. 

The MMS organization looks like a network, not a chart. Upper management 

is more figurative than literal, more dimensional than linear, more spatial than 

physical. MMSs are innovation-driven rather than management-driven. Because of 

the relative amount of freedom offered by the communications links, each staff 

member is allowed the opportunity to explore and interact with anyone at their own 

time option. 

Management responsibilities continue in the areas of keeping projects on target 
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and maintaining accountability for individual contributions. However, the optimum 

manager facilitates and does not dictate, only advises and motivates. Already, this 

concept is strongly emerging, with an increasing number of employees functioning 

as telecommunications consultants. By definition, their role is advisory to corporate 

departments. The concept of the information center is almost a user-support 

function. Many companies are forming other internal user-support groups or clubs 

to aid users with problems related to the new technologies. 

In this role, network management takes on a new dimension. It functionally 

organizes conferences and study groups of people with similar interests but who are 

in different locations or time zones. In this way, the network is optimized, providing 

not just information but human resources as well. Managers recognize that the 

information needed can change daily. The network can act as a multidimensional 

expert system because most problems have more than one dimension and, 

therefore, many potential outcomes. 

Computer-Aided Decision-Making (CAD) 

The development of computer-aided decision-making follows the basic principles of 

CAD systems for airplanes, cars, or buildings. It supplements, rather than replaces, 

human effort in performing a process or task. CAD systems for design and their 

counterpart, computer-aided manufacturing (CAM) systems, perform a myriad of 

repetitive tasks at the lightning speed of computers, leaving the most complex and 

difficult problems to human analysis. 

It is an understatement to say that CAD systems can be used for solving 

management problems of nearly all types. This is totally a matter of need. In the 

discussion of MMS, the role of technology as a management team member takes on 

new meaning. It will only be a short time before some, if not most, of the functions 

of management will be automated, supported only by analysts monitoring functions 

similar to field engineers maintaining a disk drive today. The underlying forces 

behind this activity are the need to: 

1. Optimize decision-making efforts 

2. Increase the speed of decision cycles 

3. Reduce costs and time 

4. Improve decision-making performance 

5. Simulate case studies for training 

6. Eliminate personnel costs 

7. Increase span of control 

8. Reduce levels of management 

9. Automate personnel skills 
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The development of computer-aided decision-making systems might be con- 

sidered complex and infinitely difficult due to the nature of most management 

positions. However, there are automated telephone sales systems, automatic teller 

machines, software packages for psychiatric self-diagnosis, and systems for a range 

of other functions that even a few years ago would have been thought impossible to 

automate. Many people are wildly enthusiastic about these devices or aids. 

Children enjoy computer-aided instruction (CAI) because it doesn't scold them, is 

infinitely patient, and is never tired or bored. You don't have to worry about 

whether development and implementation of CAD systems will or won't continue; 

it is only a question of how fast this phenomenon spreads! 

On the bright side, CAD systems eliminate many of the mundane and repetitive 

functions that keep productivity low and jobs boring. There are three basic areas of 

CAD systems: inductive, deductive, and intuitive. Models can be easily developed 

for inductive systems (thermostats, pocket bank tellers, and so on), and systems that 

perform deductive reasoning are being widely developed today (self-help, brain- 

storming). Intuitive systems offer the greatest challenge because they attempt to 

solve problems before they occur, or are proactive in their thinking. 

Methodologies are needed in order to design these CAD systems. The scope of 

designing a CAD system consists of the following issues: 

Å Collect relevant information about the problem 

Å Separate data elements into as many distinctly different, yet significant, 

subcategories 

Å Develop a matrix or network of these components or building blocks 

Å Test components individually and as a group, or simulate actions until 

systems match a level consistent with human counterparts 

Å Graphically present simulations 

Å Incorporate tests with an overall model 

Å Test in real-life situations to monitor human decisions 

Å Develop procedures for updating and maintaining a system as a regular 

activity to include outdated, unimportant, or irrelevant variables, as appro- 

priate 

The issue of decision-making involvement is a matter of great debate. Most 

theorists suggest that the expert is the means to the end, that is, you need the doctor 

to understand the diagnosis. Others conclude a thorough knowledge of the diagnostic 

results is all that is needed to make recommendations. 

This is a similar argument to heuristics and computer-modeling processes (i.e., 

linear programming, regression analysis, queing theory, etc.) versus delphi com- 

puter conferencing and other humanistic tools. Neither approach is totally correct. 

As with many decisions, the consequences are long-term rather than immediate. 
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Moreover, much of the development of CAD systems has to do with the immedi- 

ateðtoday's management activities rather than tomorrow's, where outcomes can be 

rather vague and dependent on uncontrollable outside variables. CAD systems are 

seen as a way to do more with less, to become less dependent on human judgments 

that, for better or worse, are often inconsistent or vague. 

Much of the research and resulting models are designed primarily for training 

purposes, where the costs are rapidly rising, instructors are in short supply, and 

materials are increasingly complex. Also, as the velocity of corporate decision- 

making increases, static models become quickly outdated. Issues concerning these 

decisions also become obtuse and difficult to decipher in components for the model 

to evaluate. Needless to say, CAD systems are arriving with many benefits as well 

as pitfalls. They will, according to my research, be executive assistants rather than 

true decision makers. This is due to the fact that most problems require that the 

decision maker extend beyond the present environment, such as implementing a 

new system, acquiring a new company, or reorganizing a division. However, as the 

data base grows, a history of management emerges that can be used as internal 

"case studies," aiding new managers in their decision-making processing and 

programmed into the minds of the machine-based executive assistants. 

Organizational Marketing 

Organizational marketing (OM) was originally developed in the late 1970s as a 

marketing strategy for a major Fortune 500 computer manufacturer. At that time, 

a new approach to marketing goods and services was needed. Even then, computer 

systems were reaching a level of resistance on the part of users because of the delays 

by the systems development department or in programming. There were delays of 

years and cost overruns that are similar to those found in military projects. Users 

were taking matters into their own hands as well as seeking technological solutions 

to labor-intensive and time-delayed projects. 
Certainly there are no easy answers because engineering development has both 

labor and time dimensions. The notable situation of a low labor component and an 

infinite time component has produced major innovations throughout history. 

However, with most corporations, when the time factor goes askew, the only thing 

they seem to do is to pour in more labor and hope the problem will go away or 

correct itself. This is seldom the appropriate solution. 

OM is more of a concept than a methodology. It is a leadership issue. Today, 

OM is referred to as entrepreneurship, strategic business units, or corporate venture 

projects. OM has evolved over time into VM, the next generation in management. 

VM is truly a 1990s corporate management strategy. Just as technology evolves in 

waves, eras, or generations, so, too, does management. For example, there are 

people who believe that the computer trend will fade away. Many, if not most, 
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corporate management systems that were developed in the 1950s still exist today. 

Like new children, new corporations created today operate under vastly different 

principles than those formed last year or a decade ago. OM is a system that works 

with marketing-oriented corporate management. It is based on the simple concept 

of selling to users, not manipulating them. 

A few recent books provide examples that are helpful in getting this concept 

across. In Teleconferencing: Linking People Together, an underlying theme is that 

this powerful technology is underutilized because the manufacturers of teleconfer- 

encing hardware and services fail to provide the "driver education" critical to happy 

users. The analogy is similar to automobile manufacturers selling cars without 

driver training and thousands of users killing or maiming themselves. You would 

wonder why people would drive at all! People do not teleconference very much 

today because they don't know how. This will change as users teach themselves how 

to teleconference. 

In The Soft Side of Software: A Management Approach to Computer 

Documentation,4 the theme is as simple as the title. Software is what the user sees, 

interacts with, and unfortunately, has to live with and has little or no control over. 

Sometimes called the "user-defined screen," it allows users to arrange the screen in 

a way that suits their needs rather than have the software program control the 

format. Software is beginning to be designed that enhances the intent of the user 

rather than demands great amounts of mental energy from the user trying to get 

"help." Software should be strategic in the sense that it develops with, learns about, 

and provides the user with strategies for its effective use. Case studies, applications, 

and tactics that propel and compel the user into action rather than stall the user with 

complicated software systems can each be integrated into the software program. 

In Intelligent Buildings: Strategies for Technology and Architecture,5 the 

approach is to bring together off-the-shelf technologies into a systems approach to 

office environments. Nearly all of the technology needed for intelligent buildings 

exists today. Local area networks (LANs), CAD systems (CADs), voice-data digital 

telephone systems, and energy management are all billion-dollar industries, yet few 

of them work together in a manageable fashion. It is clearly a situation that is driven 

by vision of the designer. 

Developers and facility managers are tired of having technology for which they 

are responsible go in many directions at once. They expectðno, demandðnot only 

that all of the information and building technologies work together, but also that 

they be integrated with the chairs and furniture. They have to arrange for all those 

power, telephone, and computer wires to get from all parts of the building to each 

individual desk, and are certain that someday the ceiling is going to collapse under 

the weight of all those cables. These users are taking charge, and they will have 

their way because they represent billions of dollars of office business. 

Each situation represents a different user problem and a different technological 

issue. This suggests that technology is changing toward, rather than away from, user 

needs. People are slow to adapt, but technology is always changing, often at a rapid 

pace. It is usually not the user's fault that something is wrong; the user probably 
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does not have enough time to truly understand the usefulness and effectiveness of 

the technology. OM takes a similar approach to encouraging users to invent new 

products themselves. OM was conceived as a sales and marketing approach to 

understanding user needs. OM is user-driven rather than product- or engineering- 

driven. This concept assumes that users are reluctant to use technology they are 

unfamiliar with. 

If corporate technology departments such as office automation, data processing, 

telecommunications, and so on don't understand how their technology is going to 

benefit the user, the technology will always fail, except under very compelling 

circumstances. The sales and marketing of technology is as critical to internal users 

as it is to the manufacturer. Now you can see why there is a lot of technology sitting 

around unopened, gathering dust. 

Technology and design are becoming inseparable. This includes the design of 

the organization in terms of workers and environments. The advent of the personal 

computer has enabled many jobs to be performed both automatically like automatic 

teller machines and autonomously like persons working from home. In terms of the 

organization, changes in terms of how work is performed and where it is performed 

will have dramatic effects on how the organization is managed and grows. In this 

sense, the ability to create environments that are dynamically or virtually adaptable 

to operate under machine control is becoming essential. 

Corporations can no longer respond to wildly changing world market conditions 

on sheer intuition. The extension of machine technology to an organization becomes 

an organizational issue itself. The machine restructures the company that employs 

it to seek a new equilibrium from which to act. The machine-human interface sets 

the stages for modeling simulations from which key management can respond to, 

rather than be confronted by, disturbances on the economic front. The computer 

can model and simplify complex conditions into relatively simple "user-friendly" 

human-machine ergonomics. Therefore, allowing the computer to manage rather 

than respond is not only viable but will become a strategic weapon in the not too 

distant future. 

Virtual Management (VM) 

New management approaches seem to emerge on a daily basis. At the same time, 

some experts tell us that keeping an eye on customers and spending time with 

employees is a time-honored, commonsense, proven management system that 

works. The problem with both the new and old approaches is that they fail to 

understand the new employee: the computer! The computer has been an employee 

for over three decades, but few of us recognize this, in spite of the cost justifications 

when computers took on human tasks. Perhaps we should have given them 

performance reviews all along. 
The  computer,  for some,  became an extension of their total personality, 
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allowing them to play electronically with other unknown faces out there in the 

network. (Even Ms. magazine has published an article on the "Electronic Lover.") 

Computers were thought of as "power tools," electronic saws that replaced electric 

motors with electronic microchips. Few thought of computers as people, but 

computers were now starting to act like people, even if they were considered to be 

electronic pets. 

At this point, computers as a species are hardly 30 years old, but what an 

evolutionary paceðfrom dinosaurs to domesticated animals in a fraction of the time 

it took Mother Nature! Computers are now able to simulate brain cells, emerging as 

one way to help cure mental problems and illnesses. They will be designed to 

simulate business processes, taking on management style and performance. The 

automated factories of today are only the beginning in a race for the automated 

business enterprise. 

This change is slowly taking shape; the footprints in the sand are emerging 

management styles following an evolving view of employees. Management is 

looking at employees as capital expenditures, and employees are starting to have a 

product-life-cycle approach to their existence. 

Management by objective (MBO), organizational development (OD), and other 

cause-and-effect management strategies use performance evaluation techniques that 

are not very different from output measured in instructions per second. As computers 

are expected to take on challenging management problems, they will also take on a 

management style of their own. This is not to say that they will be great managers 

or that they will be much different than the "experts" they are modeled after. It is only 

to say that expert systems, thought processing, and AI systems will start to replace 

human functions in much the same way that bionic organs have. It is also safe to say 

that computers will become more reliable, precise, and manageable than humans. 

Boredom, tiredness, and concentration are words that do not apply to a computer. In 

the early days, computers replaced women who connected telephone calls; now they 

have replaced even the president of the company. 

GE says in its company slogan, "We bring good things to life." Creating expert 

systems and AI applications might just bring the electronic manager to life! It will 

be curious to see which company first announces automated management and can 

supply it. 

Today's automated office requires new forms of management that can recognize 

how the rapid advances in electronic office systems and information technology (IT) 

are coupled with a changing society. VM is just such a management system. It 

provides three important benefits: 

Å VM is adaptive to technological and societal changes. As a management style, 

it affords managers the ability to lead and direct employees from a distance, 

with a sense of immediate involvement in office affairs. 

Å VM promotes the application of traditional sales and marketing techniques by 

telecommunications managers within their own organizations. 
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Å VM achieves a balanced control of technology between managers and end 

users. 

VM is not just a management theory but an evolving management process that 

adapts technology to changing business demands and user requirements. Figure 1.2 

shows a VM organizational chart. 

Many traditional organizations isolate upper management from employees, 

allowing information to travel slowly up the hierarchy of decision-making levels. 

Consequently, the larger and more authoritarian the organization, the greater the 

chance that higher decision makers will receive distorted information. 

The development of microprocessor technology and electronic office systems 

has fostered the trend toward decentralization. Consequently, management struc- 

tures are changing rapidly to adapt to this reality. There is also a trend toward 

smaller operating units, independent field operations, and a rise in entrepreneurial 

companies. These new environments are based on technology and the premise that 

everyone, including top management, has access to the electronic system. 

The virtual manager will need improved human relations skills. Two trends 

underscore this point: (1) electronic office communication is increasing and speeding 

the flow of information, and (2) professional staffs are growing faster than clerical 

staffs. Thus, a larger amount of information to communicate will be generated and 

result in more work for the manager. 

Surveys show that professionals spend the majority of their time communicating 

with each other. This factor, combined with the decrease in clerical staff, means that 

managers will spend less time managing in the traditional sense. Because profes- 

sionals require more management interaction, feedback, and motivation, the 

manager will become a mediator and a consultant to the organization. 
The managerial organization within companies will also gradually shift from a 

vertical structure to a horizontal structure as professional staff numbers increase. 

Smaller operating units will thus enjoy immediate communication between man- 

agement and employees. Because professional staff members will have greater 

interaction with supervisors, there will also be less-frequent distortion of information 

in the course of decision-making. 

It is important to note that managers will not control the process as much as 

facilitate and participate in the flow of information. Indeed, one of the functions of 

management is to integrate information flow with an organization's objectives. Too 

often, the failure to identify goals, define needs, and select the significant informa- 

tion is the cause of organizational failure. 

Knowledge can only grow in an environment of free interaction, and control 

reduces the flow of information upon which knowledge depends. Because much of 

today's business product is knowledge, much of the corporate product is contained 

within the minds of workers rather than in company warehouses. This point is not 

often understood by traditional, larger corporations, whereas smaller entrepreneur- 

ial organizations understand it very well. 
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VICE PRESIDENT ð TECHNOLOGY MARKETING 

MANAGER OF 
TECHNOLOGY DEVELOPMENT 
This person will be responsible for 

the review of new technological 
innovations on a global perspective. 

For example, how do weather or 
biorythms affect employee output? 

Can solar energy provide a new 
communications network? 

MANAGER OF 
STRATEGIC ECO-PLANNING 
This person will be increasingly 

important in managing resources 
coupled with a serious concern for 

environmental and societal impacts. 
For example, is the location of a new 
plant going to radically change the 
requirements of the community? 

What will the company's image be if 
we proceed along these lines? 

MANAGER OF 
PRODUCT DEVELOPMENT 

This person provides the design and 
technological planning for new 

systems. For example, what are the 
new features we need for a word 
processing system? What are the 

human engineering factors required 
for working in mines or space? 

MANAGER OF 
PRODUCTIVITY PLANNING 

This person provides the 
management auditing to supply the 
needed systems and human factors 
engineering for company integration. 

Reporting to each of the above departments 
would be: 

MARKETING SALES TEAMS: these people 
provide the internal interface to other departments 
seeking to solve needs, problems, and create new 

opportunities to serve corporate departments. 

MARKETING SUPPORT: after the system is 
installed, these people provide the necessary on- 

going enhancements, additions, and 
reconfigurations of the systems. 

PUBLIC RELATIONS: these people provide 
executive management with reports, 

presentations, training aids, and other 
information. 

 

REGIONAL PLANNING: this team 
approaches the global problem of sharing ideas 

and approaches with other cities ð 
domestically and internationally. 

QUALITY OF WORK/CAREER 
OPTIMIZATION: because of the need to train 
and, more importantly, to keep employees, this 
area is vital to human resource management. 

Figure 1.2    An example of how a virtual management organizational structure might exist. Copyright © 1987, Cross Information Company. 
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The small operation recognizes that it is the "management team" that deter- 

mines the success or failure of its organization. Venture capitalists have long 

acknowledged that the five most important factors in any successful start-up are (1) 

management team, (2) management team, (3) management team, (4) product, and 

(5) market. An atmosphere of excitement exists in these fast-growing enterprises 

because their small scale and relaxed work atmosphere facilitate the flow of ideas. 

The VM Manager 

The VM manager will act as a consultant to the division in the new office. Ensuring 

that needed information and resources reach the employees will be only one 

required management task. Another task, requiring adaptive skills, will be to decide 

how the new IT (information technology) systems should be designed to support the 

individual rather than the organization. This task becomes difficult as job special- 

ization increases. The need for corporate standards and control must be balanced 

against the user's individual needs. The virtual manager must negotiate with the 

professionals in his or her charge. 
Some organizations can be overwhelmed with information. As William L. 

Dunn, president of Dow Jones Information Systems, believes, the increase in 

communications and information retrieval will require a program to filter the 

financial data his professionals need from the avalanche of data available. Such a 

program ". . . would scan fundamental information to find out what is influencing 

price movement. At the same time, the system would monitor the movement of 

selected stocks, alerting the user to sudden increases or decreases in price." This 

same premise applies to IT systems. If memos can be originated at a moment's 

notice and conveyed throughout an organization instantaneously, who will decide 

the limits of such information movement, its security, and privacy? The possibility 

of being overwhelmed with too much information is very real. 

Other issues will grow in importance as well. On the one hand, professional 

workers will require more available information. On the other hand, increased 

corporate security in the knowledge industry will be an ever-growing concern. The 

virtual manager will be required to impose security limits on the professional staff 

without depriving them of needed information. Computer crime specialists say that 

companies face greater threats from internal company personnel who have legiti- 

mate access to information than from outsiders. Thus, the risk of the theft of ideas, 

as well as the threat to privacy, grows each year. 

Meanwhile, the concept of the office is changing. The traditional corporate 

structure regards the office as a physical place. In contrast, the diversified, 

decentralized organization of today regards the office as a system, a network, or 

communications arena. This difference has had a profound impact on the atmo- 

sphere of the modern work space. Even the physical structure containing the office 

has been affected by technology. The concept of the intelligent building brings to 
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mind yet another view, that of the "communications nervous system," not iron and 

glass, as the determining factor. 
Today's fast-paced environment frequently requires the manager to be out of 

the office. Mobility is a major characteristic of today's manager, and being away 

from the office for several days must not be an obstacle to communication. In fact, 

some face-to-face meetings requiring managerial presence can be accomplished by 

meeting electronically. Teleconferencing, for example, can provide direct and 

immediate contact. This electronic interaction is known to enhance both manage- 

ment and employee involvement and productivity. 

Users as a Key Factor in VM 

VM promotes employee participation in systems design. In the past, computer 

experts made all major decisions regarding the acquisition of machines. The 

inclination of users to resist technology stemmed in part from the imposition of 

systems ill-suited to their needs. VM philosophy suggests that managers not impose 

systems upon users, but that they act as consultants who involve users in analyzing 

their own needs. 

Although clerical users are dependent on experts for determining equipment 

needs, there are increasing numbers of professional workers stepping out of a 

passive, assistance-only role and becoming active and assertive. The telecommu- 

nications analyst's position will become like a salesperson's position: The analyst 

must use traditional sales and marketing techniques to motivate the users rather 

than present a mandate. 

Human goals have become an important aspect of office systems design, 

increasing the resistance to technology-led design. The emergence of CAD will help 

personnel design their own environments. The time will come when offices will have 

totally modular furniture systems that people can move themselves. This modularity 

is made possible by the use of smaller and vastly more portable personal computers. 
VM helps managers and end users achieve a balanced control over technology. 

In this new approach, it is desirable to merge both human and organizational goals 

in selecting new equipment. Human factors, often considered to be subjective and 

difficult to analyze, are brought to the forefront in VM. The problem todayðand an 

increasing one in the futureðis not so much the pace of technology but the pace of 

understanding and using it. Productivity will be measured by how well technologies 

develop the means to increase effective and efficient office production, not just 

factory production. 

Users want the tools to communicate effectively with their superiors, subordi- 

nates, and colleagues. But, possibly due to inexperience, they are not always careful 

to examine those tools closely before implementing them. New visual factors must 

be taken into account, such as color accuracy and its effect on personal appearance. 

As has often been the case in full-motion video teleconferencing, people take on a 
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magenta skin color. How does this "magenta manager" look to the people on the 

other end? Do they evaluate the person's appearance or the content of the message 

being communicated? Does the content count more than the communicator? Does 

the velocity of electronic information overcome the political circumstances of the 

people involved? Again, these questions point out the importance of the human 

factor in developing and using new technologies. These very personal responses are 

factors limiting the spread of enhanced communications in organizations. As I 

discovered in researching The Soft Side of Software, there remains uncharted 

territory in getting the message delivered properly, much less understood, by users 

of most software programs. Communication carries a high price tag in business. It 

has a dark side and a soft side as well. Companies that master these issues will 

increase their organizational velocity to excel and best their competitors. Keeping 

lines of communication open and fluid is an important aspect of VM. 

Steps Leading to Virtual Management 

The following steps lead to a VM approach in managing information systems: 

Understanding the company and players in the market/companyðthe stra- 

tegic position 

Evaluating the impact of tele-information systems on the company 

Establishing a tele-information historical base point 

Instituting zero-based or profit-center financial planning 

Performing an inventory and establishing value of service 

Instituting a management information program 

Developing short-term and long-range strategic plans 

Developing organizational market concepts 

Monitoring impacts with continuous customer studies 

Becoming involved in top management 

Understanding human resource motivation 

Marketing tele-information throughout the company 

Marketing to other companies through career associations 

The underlying basis for VM in some cases is the need for a new entrepreneurial 

spirit. VM creates a small business within a large business approach, much like the 

village within the large state. This allows managers greater freedom and opportunity 

for innovation, experimentation, and marketing for new products and services. 
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Management Operation Centers and VM 

The trend toward implementing centralized processing areas for office work has 

developed over the last few years. These "task-processing centers" have been the 

focal point for management reorganization. These centers resulted from technolog- 

ical advances in management control and sparked the development of office 

automation and other new technologies. Now the task is to expand services outward 

to the plant, to the field offices, and eventually to homes. These communications 

options will allow people greater freedom to communicate and move ideas and 

documents throughout the corporate network. 

These task-processing centers represent information tools in intelligent envi- 

ronments. The management/processing area will be devoted to the management, 

control, and distribution of decisions. Document creation, management, use, and 

storage play a key role in this important task in the organization and, therefore, are 

valuable tools to the VM manager. Without internal forms, contracts, purchase 

orders, and so on, the corporation would cease to operate in less than a day. Rapid 

document and communication movement into the arena for the organization, 

review, and evaluation of decision-making is equally critical for survival. Hence, 

the need for technology-aided information flow. 

The office, whether physical or electronic, is a tool for processing information 

and moving it from one place to another; for example, the personnel department 

communicating to accounts payable about filling a vacancy, or the purchasing 

department responding to a request for parts. Such information itself can be a tool 

to measure transfer of tasks. These information-transfer or task-processing functions 

do not require paper, oral communication, or real-time contact, but rather can make 

full use of the communications network in an intelligent building. Memos, reports, 

telephone calls, and mail are office tools with which any bureaucracy works. Some 

of these tools, such as action items, coordinating calendars, memoranda, and similar 

office task documents, are being developed on totally automated systems. 

Budgets are also a tool for measuring office activities. For example, zero-based 

budgeting and profit centers are used to measure departmental productivity in 

dollars. Each departmental activity is measured against dollar performance. The 

dollar performance of office functions, ranging from public relations and employee 

recreation to community activities, can be difficult or impossible to measure. 

Simulation software can be developed for many of these environments. This kind of 

software helps evaluate office activities by establishing games for managers to play. 

The results of the simulations can form the basis for career or financial advancement. 

Computer-aided communications and viewdata systems also create new manage- 

ment systems. 

New information managers, using the VM system, will use all of the tools 

suggested. In addition, corporate "war" games, played in war rooms, will help the 

leaders find the next generation of corporate executives as well as determine 

strategy against the ever-present competition. With the development of these new 

information systems, information float will become a measure of management 
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productivity. Float is the unused capital that sits while information is transferred 

back and forth, that is, is not actually in use. Information float in a large organization 

is much more damaging than financial float. Information technology (IT) can 

generate significant increases in the organization's pace of activity, thereby 

reducing information float. It is a fair guess that a company that fails to achieve its 

plans is afflicted by a management information gap. In closing this information gap, 

the following objectives must be clearly established: 

1. Managers must define the information needed to supervise current activities, 

and plan and direct future operations. 

2. Information flows and organizational structure must be integrated so that 

information is directed exclusively to those who need it in their work. 

3. Superiors and subordinates must communicate with each other, using current 

information, as a regular feature of their work. 

4. From the CEO down, employee skills must be mobilized to participate fully 

in achieving the company's goals. 

5. Information must be managed as a major resource, with responsibilities 

adequately allocated and costs in all departments planned and controlled. 

IT will cause new perceptions of what is needed, required, or even desired. In 

many cases, it is assumed that the future will largely take care of itself, but it does 

not. It evolves gradually and every so often deals the unwary a sharp blow. 

Before organizational changes can take place, managers must understand that 

all business activities are a series of relationships that can be identified, analyzed, 

and resynthesized as needed. It is essential to define those activities and relation- 

ships in terms of business objectives and work content, as well as design methods for 

conducting and managing them. Information is the only medium through which 

activities and relationships can be coordinated. 

Virtual Management Activities 

Once managers have developed a feeling for this new approach, their activities will 

include the following: 

Å Specification of users' needs 

Å Selection of information elements that will identify and monitor trends in the 

content of each information base 

Å Coordination of information flows throughout the organization for security 

and privacy reasons 

Å Guidance of information flows to each user or user group 

Å Progressive feedback of and reports on information flow patterns to maintain 

the future perspective of the organization 
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Few management systems exist today that can accommodate such activities. In 

the traditional organizational pyramid, the underlying problem of information flow 

restriction from top to bottom remains. It is clear that future organizational 

structures must consider other information structures; lateral networking among 

individuals using office automation technologies will play a large part. Technology 

and marketing will become the two focal points of management. 

As technology and business evolve, the following components of changing 

management structures will emerge: (1) multidimensional management structures; 

(2) technologically-based management systems; (3) independent business units; and 

(4) computer-aided management. 

Benefits of Virtual Management 

By introducing a new management system such as VM into these new components, 

the following benefits can be realized: 

Å Management of business information as a major resource 

Å A large reduction in internal numeric data, with a corresponding reduction in 

the cost of collecting and processing 

Å A substantial increase in external information 

Å The identification of issues to be managed, and the ability to continuously 

monitor progress in managing them 

Å Revised awareness of the realities of business enterprise, and the opportunity 

to respond to rapidly changing market/product/service conditions 

Å Increased creation and development of understanding, which comes from 

knowledge, that is, in turn, the product of information 

Å Greater integration of activities of people 

Å Increased communication, of which information is the foundation and sub- 

stance 

Å The ability to establish common bases of knowledge and understanding 

between people, an essential prerequisite for coordinated activity 

In essence, VM allows the efficient use of information systems. Only with the 

advent of such high-tech management can the systems be effective in meeting the 

needs of improved productivity. 

VM is but one management structure. Other options might be viable, depending 

on the type of organization and industry (banking, transportation, and so on). The 

most important consideration management faces today is preparing to face all 

technologies, not just those known today. Technology cannot be separated from the 

organization, especially from the type of management used within the organization. 

Through  the  past  century,   successful  managers  have  realized  that  it  is  the 
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organizational structure, not the product or service offered, that is the critical 

success factor in real growth. As technology plays an increasingly larger role in 

organizational management, it too will play a significant role in how successful an 

enterprise will be. Moreover, with the development of artificial or machine-based 

systems, these devices will become line managers. And, in the case of executives, 

even marginally sophisticated systems may be more affordable to the entrepre- 

neurial corporation than a "live" executive. 

Computer-Aided Management and 
Communications 

The real and rapidly increasing cost in a business office is for communications. That 

is to say, the cost of sales to product delivery depends on effective communication. 

Within this cost of communication is the personnel factor. Order taking, closing the 

sale, purchasing, and filing the contract all depend on human communication. Com- 

munication is vital in the areas of proper performance and timing. Performance 

depends partly on the communication of tasks, goals, and the tools at hand during 

employee training. Scheduling people, locations, and events is a major function of 

electronic communications. When availability and needs are known, timing is much 

easier to gauge. 
In a high-tech office, you often find "open plan" furniture. There is as much 

argument and controversy over this particular furniture approach as there was over 

the introduction of closed offices 100 years ago. The raging issue is not over such 

things as comfort, desk height, or chair back support; it is over communication, 

whether too much or too little is facilitated by this type of furniture. An important side 

note is the issue of noise. Noise is inherent in all communication; whether noticeable 

or not, it is always present. It might be more apparent with open plan or movable 

partition furniture than with closed offices, but it is present and always will be. 

Communication transactions occur when words, memos, or images are moved 

physically, verbally, or electronically by computer. This communication element is 

critical to managing, as well as improving office productivity. In a communication 

audit, a thorough analysis of all communication takes place before the office systems 

are installed. Communication not only sets the traffic flow of people "wandering 

around," but guides the organizational structure as well. Obviously, in most 

corporations the flow of communication rises to the top of the organizational ladder 

and then lowers back down again. Yet in most successful corporations, communi- 

cation that flows around and out is the most effective form. This spreading out of 

communication tends to diffuse the impact of its intended consequences. However, 

this diffusion increases the perception of involvement of more people. 

Too much communication from the top or bottom results in overload. For 

example, in situations where too much communication takes place, a word has been 

used to describe the tilt or overload factor; it is called glaze. Under these 

circumstances, much of this type of communication results from pressures above or 
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below the glaze level. People often comment that the manager's eyes "glaze over" 

when he or she cannot cope with any more information. However, information is not 

the problem; dissemination is. 

Matrix Organization 

The concept of the matrix organization supports this nonpyramidal approach. By 

networking people with like (engineers) or different (skunk works) co-workers, the 

organization can link people into effective strategic teams. With electronic network- 

ing, these teams can be expanded to the global level to attack global problems if 

desired. Too little information leads to distrust, as we all know so very well. Therefore, 

management of communication is a vital step in keeping people in touch within the 

office environment. As we move from a paper-based environment to an electronic 

one, the ability to expand communication into multiple dimensions increases. (Just 

a note on paper: I do not believe for a second that paper is going away. The computer 

is a "power tool" that allows knowledge workers to accelerate their ability to work, 

which means that even while there is a push toward paperwork reduction the 

organization is actually generating more because people are doing more work.) 

As the British Post Office has found, most communication takes place in the 

form of exchanging information. The following table represents research completed 

by the British Post Office detailing the approximate content of business meetings: 

TABLE 1.2   Content of Business Meetings 

Type of Information Percentage of Meetings 

Seeking information 49% 

Giving information to keep people in the picture 48% 

Solving problems 48% 

Discussing ideas 26% 

Delegating work 12% 

Negotiating 11% 

Forming impressions of others 9% 

Making policy decisions 8% 

Presenting a report 8% 

Inspecting a fixed object 7% 

Resolving conflict 4% 

Disciplinary interviewing 1% 

Courtesy of British Telecom Annual Report. 
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The first four content areas are centered on some aspect of information 

movement, transfer, and communications, and do not involve highly personal 

exchange. The interesting aspect of this chart is the indication that the majority of 

the contents of most business meetings is relatively free of highly sensitive 

interpersonal interaction or communication. Very little activity is consumed by 

negotiation, discipline, or other types of communication. Computer-assisted com- 

munication also packages the communication for electronic manipulation. The 

packaging or multidimensional qualities of electronic communication generally take 

the form of: 

Å Editing and word processing 

Å Sending and receiving information 

Å Storing and archiving information 

Å Manipulating and analyzing information 

Editing and word processing have to do with correcting grammar, typos, and 

formats. Sending and receiving allow for store-forward (time-independent) features 

that allow information to be retrieved as needed as well as appended and forwarded 

to another person, to the next desk, or around the world. Storing and archiving allow 

for filing, with the advantage of instantaneous retrieval. Some systems act like an 

electronic desk, yet save a tremendous amount of time in looking for lost 

information. Manipulation, simulation, modeling, and analysis are features that 

begin to act like CAD. They are like paintings reflecting the real world on canvas. 
This manipulation is the first step in developing an effective decision support 

system, where the computer, with the help of the user, begins to analyze 

information and applies user-developed or software-provided heuristics (rules or 

formulas) as templates or overlays. The manager can then employ trend analysis or 

other techniques. Communications in this environment takes on new meaning. It is 

now a quantifiable element rather than a swirling mass of words or images. 

Computer-aided communications in this electronic environment are focused, tar- 

geted, and directed toward an outcome or goal. Communications can be managed 

for productivity, packaged for consumption, manipulated for different perspectives, 

and consumed in a meaningful form by the receiver. 

The Electronic Workplace 

As electronic communication supplements (not replaces) face-to-face meetings, new 

communication patterns will emerge. The ability to communicate with people 

previously unavailable due to distance or access often dramatically alters the known 

or expected communications pattern. Time and distance are irrelevant. Global 

thinking takes place. The earth is no longer flat, nor is it day or night. The world is 

immediately available to everyone, all the time. The office desk concept disappears. 
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The transition from physical to electronic space is taking place at a rapid rate. 

Open plan furniture concepts become blurred because their functionality is 

expressed in terms of physical space, and the need is for communications space. 

Communications space is similar to an office without walls. It can be everywhere at 

any time. Telecommuters were the early adoptees of this new approach to working, 

but have quickly applied it to other aspects of their lives. The office then becomes 

a social environment for training, presentations, and intensive human contact. 

Many articles have been written on the isolation factor of people who work at 

home. According to our research, this isolation factor also applies to the office in 

relation to "X-type" managers, those who are known as tyrants. The home can be 

an escape from these types of managers and, therefore, a suitable working 

environment. The point is that the office is not necessarily the most suitable working 

environment. There are a large number of known locations for work, as well as 

many other less-obvious environments, such as neighborhood work centers or 

anywhere you can take a computer, that will emerge as communications locations or 

nodes. The notion of the work place will disappear, as work will also disappear as 

a function of physical location. The innocuous question "Where do you work?" will 

become more difficult to answer than ever. The emphasis on communications 

transaction as a definable and manageable activity will, therefore, emerge as a 

viable business operation. The VM manager must be able to manage people who 

cannot be seen. Thus the term "virtual." 

Communications Technology and 
Management 

Much is at stake in a corporation when communication is misdirected or ceases 

altogether. Remember, management spends the majority of its time in communi- 

cation. As mentioned elsewhere, management is practically, by definition, unceasing 

communications which, hopefully, involves listening to the same extent as directing 

the information flow. Communications technology is an enigma because the 

transmission medium has little to do with the content of the message, in spite of 

what McLuhanists might say. However, for effective communication to take place, 

all elements of that communication must be considered. The transmission might be 

efficient, but the communication might not be effective. Communications technol- 

ogy must focus on the efficiency of the medium as well as its impact on how the 

message is packaged. 

Communications technology remains one of the most illusive and least under- 

stood concepts in the executive suite. To determine how to manage communications 

at the executive level, one must understand the executive. Few understand how top 

management works, let alone ask what executives think about or discuss with their 

peers, or how they make their decisions. In an unscientific study of executives by 

Cross Information Company, it was found that most decisions are made after 
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gathering vast amounts of information. Yet, these decisions are made by gut 

feelings, not by the numbers. Decision-making is a complex process. If we are to 

understand how to make better decisions, deeper analysis of how they are made is 

vital. Decisions take up only a small percentage of an executive's time, yet 

sometimes have devastating effects on employees and general policies. 

Automating the decision is potentially an impossible process, particularly 

depending on the specific nature of the executive involved. One might argue that 

designing and building an executive decision-making expert system might discipline 

upper management to consider many more alternatives and to simulate outcomes 

prior to enacting the decision. It might also force executives to be explicit in 

explaining projected outcomes in terms of known "business cases." Although today's 

upper management might not concur with computer-assisted decision-making, just 

as they balked at too many MBAs running companies, it is a tool that can be used 

in the future to train new executives in a vastly complex world. 
Companies will continue to seek and develop tools that increase the perfor- 

mance of middle management. The strategies, battles, and understanding needed to 

sail the corporate winds to success are clear to those who make it to the very top of 

the largest corporations. Advanced technology is not yet even a middle option in 

running large corporations, but it can and will be tested down in the divisions and 

departments throughout the ranks of middle management. Like the war games 

approach of the military, many companies use the competitive team approach to 

products and services. As in Monopoly, these companies test theories and junior 

management in maneuvers to get hotels on Park Place and Boardwalk. Contem- 

porary management must understand its own product life cycle. It must know the 

stages of early "skunk works," or basic development, through "dog days." Manage- 

ment must evaluate its own ability to cope; to know when one has scored a victory 

or been shot in the foot. 

Certainly much of this cannot be programmed in traditional ways. However, 

much of this process can be analyzed by computers, then turned into a CAI course, 

including "what ifs" such as Chapter Eleven and hostile takeover scenarios. These 

processes can force situations to the surface long before they occur in real life. 

Managers can develop their own approaches to corporate expenses over a rapidly 

increased time period; test intuitive applications; or be sabotaged by subordinates, 

labor strikes, or natural disasters. They can quickly understand processes it might 

take a lifetime to develop, and can cope with problems the CEO faces today to get 

a perspective of how management does, in fact, make decisions. 

Management Strategies 

These new advanced executive decision support systems can frame hypotheses by 

forcing the player to look at all the perspectives the CEO faces. Numerous 

structures and concepts could emerge for play by more than just the CEO. A 

corporatewide game of strategy can be played by managers all over the world to test 
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new markets, products, services, or organizational strategies. These simulations can 

take the form of knowledge network applications like those suggested in the 

appendixes. 

Strategies can be found in top-down approaches, those which are directed by 

top management but executed by new start-ups. Other bottom-up game plays can 

direct upper management into leveraged buyout simulations. The actual computer 

processing can be manipulated with independent and dependent variables forcing 

different controls on the players, in turn forcing new management postures and 

outcomes. Players can sign up for specific roles or wait for positions to open up by 

reason of expansion or player termination. Computational metaphors can be 

introduced at random or specific times to interject surprise and natural predictability 

into the game. Players, as in the real world, can work together as a team during one 

level and at opposite ends during intertwining events. (Another note: This is exactly 

what happened to the author in the formation of a start-up company.) Plays can be 

simulated by the computer during off-time periods to allow the machine to 

"understand" the events and project to the players recommended positions for the 

next play. Players can play a turn which can then be incorporated into future 

simulations. 

Computers, like people, have generally no agreed-upon perspective about 

learning management problems unless they are taught, allowed to make mistakes, 

and allowed to correct them. There is certainly much controversy about method- 

ologies for programming intelligence into machines. It requires that the teachers/ 

players instill into these machines their own real-life experiences which can be used 

with other players in the future development of management or other forms of 

human thought. 

Group Decison-Making and Information 
Technology 

Group theory and decision-making fall into the realm of psychology rather than 

pure business transaction. Much of the study of group activity comes from social 

interaction rather than the study of business. In fact, personal experience has 

demonstrated that it is rare to find in an audience any person with training in 

communication, meeting planning, management, or group theory. Group decision- 

making has been left to psychologists to determine why business is often so 

ineffective. One reason why computer-aided communications and other electronic 

meeting technologies have been so underutilized is that they dramatically enhance 

any shortcomings of either the message or the media. As a noted management 

consultant, Hal Josephsen of MediaSense in San Francisco, so aptly stated, "If you 

are boring face-to-face, you are still going to be boring in a teleconference." After 

all, if your information is shoddy, would you want it sent around the world in a 
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microsecond? Yet electronic meeting technology is changing organizational com- 

munications patterns and, as a result, corporate strategy. When one can operate in 

an environment where decisions can be made rapidly, the "velocity," and so the 

impact, of any strategy increases. 

The purpose of this discussion is to examine the decision-making process and to 

present some technologies that can improve the working conditions of most business 

meetings. Ideally, group decision-making should consider the capabilities and 

"people" resources contained in this body of group knowledge, efficiently structure 

the discussion to allow thought and consideration of all relevant points of view, and 

bring together the most viable solutions the group will consider in concert. It should 

also bring about a decision in a manageable time frame, debrief all of the 

participants to determine if they understood what the decision or outcome was, and 

place in document form a record of this activity. 

One of the most important elements in any study of electronic meetings, or any 

business meeting, is the debriefing, where participants are asked to provide 

feedback about their understanding of what took place. An advantage of computer- 

aided communications is that debriefing is often incorporated as part of the activity 

and, as such, generates a higher understanding of what actually took place rather 

than what people thought happened. Ask yourself if you have ever been to a 

meeting and afterward, talking with a colleague, discovered the two of you had 

some significant observational differences about what actually occurred. 

Meetings are generally confronted with, among other things, the balancing of 

ideas versus people. The issue to be dealt with is half-baked (off the wall) ideas 

versus planned ideas that come as a result of taking time or thinking it through. 

Personalities are another issue and generally represent the most volatile factor. We 

all remember meeting bullies whose only function was to have their way, right or 

wrong. These people have their own hidden agenda. 
With regard to these issues, computer-aided communications has been shown in 

numerous examples to have a number of key advantages: 

Å They are organized, with the emphasis on the task or activity of the meeting 

rather than on the participants. 

Å They are generally planned ahead to a much greater extent than with 

face-to-face meetings. As a result, presentations by key participants increase 

the speed of the meeting. 

Å There is a balancing of opinions toward an agreeable outcome in much less 

time. The bully factor is balanced by the opportunity for shy or inhibited 

persons to have "equal access" to the discussion floor. It is possible, depending 

on the type of electronic meeting and particularly with computer conferenc- 

ing, for subgroups to form to develop concurring or dissenting views on the 

main subject. Body language, or ergonomics, are, of course, a factor in all 

communications. (See Chapter 6, Knowledge Networking Systems.) 
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Computer-aided communication is a power medium of communications, elec- 

tronically linking practically anyone in any location, at any time. As Birrell and 

White so nicely stated: 

As the telephone and telex (an early form of computer conferencing) have en- 

abled great decisions on every aspect of business life to be carried out quickly 

and without the verbosity and obtrusive turn taking of exchanging letters, so 

may the teleconference change our lives. Perhaps, we will no longer have to 

leave a meeting with the impression that one did not get one's point across the 

right way or that so-and-so dominated the proceedings. However, people will al- 

ways find a way to maximize the power and contributions, and in time, books on 

how to be successful in a teleconference will doubtless be compulsory reading of 

business management schools.6 

Summary 

The media might not be the message, but the organization that understands and 

utilizes such powerful media will be able to control and enhance the impact of that 

message. The company that develops management styles and decision-making 

processes that are applicable to the new technologies will have a leg up on its 

competitors. 
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Introduction 

The expectation of future consumption is so largely based on the current experi- 

ence of present consumption that a reduction in the latter is likely to depress the 

former. With the result being that the cost of saving will not merely depress the 

price of consumption-goods and leave the marginal efficiency of existing capital 

unaffected, but may actually tend to depress the latter, also. In this event it may 

reduce present investment demand as well as consumption demand. 
ðJohn M. Keynes 

In everyday business, opportunities exist for gaining the competitive edge over 

other companies. The process for increasing profit, market share, or a desired goal 

is highly, if not totally, dependent upon information. Information is useless without 

some qualitative and quantitative analysis of the elements of this information. The 

quote from Keynes points out just how complex the relationships between some 

information elements can be. 

Problem-Solving Strategies 

Games, models, and simulations are tools used to design strategies which assess 

these information elements and which assist corporations in achieving goals. Games 

require players to follow rules that have been set up. These rules force the players 

to act in certain ways reflecting real-world situations. Games limit personal choice 

to keep players focused on topics or situations desired by the game's designer. A 

model, however, is an attempt to describe the world in a strict, linear, and logical 

fashion. Models attempt to bring order to chaos, often utilizing completely random 

elements, partial truths, feelings, and facts in systems or machines that can 

duplicate these events again and again. Computers, as opposed to humans, have the 

uncanny ability to perform millions of instructions per second only if the function is 

known. If event A occurs in situation B, then sequence C must be followed. A model 

allows very little personal choice, if any. 

In designing strategies for success, mathematical models can conveniently be 

used where the elements are either specific options for the player or discrete events 

that are needed for other actions to take place. The game theory, in this sense, can 

be viewed as a tree, with branches representing points at which players can make 

decisions. At such points, the designer can allow a player to make a range of 

decisions as long as rules are obeyed, or the designer can require the player to follow 

a mathematical model at a particular point. If a game has extensive rules, player 

freedom is limited; the more rules, the less freedom of play in the game. A player's 

freedom under the rule structure is one of the most critical dilemmas. In some game 
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theories, the rules describe the process of the game, and player freedom is 

mathematically defined. In principle, some of these theories imply that the outcome 

is not left up to chance and that only specified and certain outcomes exist. 

In business strategy, the market leader subjects its competitors to few, if any, 

choices when market prices are lowered. In the case of IBM in the personal 

computer market, all but a few of the noncompatible and most of the compatible 

companies (too numerous to mention) have been eliminated. The moves made in 

billion-dollar markets can result in spurious activity in closely aligned markets (as 

with the dramatic effect of IBM's game plan on personal computers, software, and 

peripherals). For example, developers of IBM PCjr software quickly rewrote their 

software for other lucrative computers. Thus, the outcome of one particular game 

can cause complex changes in related and unrelated markets. 

Designing not only the player decision points but also the trees requires both a 

particular strategy and a particular type of player. There is little value in letting a 

player have a wide-open set of options if the situation is restrictive. For example, 

many strategic planning systems use the portfolio approach. Each of the nine 

squares in a portfolio represents a particular and specific strategy. If a company is 

in the high-risk, high-reward square, the game strategy might only allow a few key 

moves for success. Another game design, perhaps equally restrictive, is reflected in 

the "dog" company position. A declining market position is commonly referred to as 

a dog. However, for the company whose position is in the middle ground, a large, 

if not infinite number of trees or options are available as strategies for success. 

Describing games in this sense makes it possible to define the strategies of the 

players in context. Trees can also be defined as networks. 

Each solution to a game is unique, which makes it difficult to turn a game into 

a model. In nearly every case, a solution has key elements with characteristics that 

have occurred before, all of which are subject to gaming. These elements can be 

developed into mathematical models only if the outcomes can be proven repeti- 

tively. Those game elements that are proven repetitively can become models to 

force players through certain situations. However, designers can change models if 

they are too restrictive or are inaccurate depictions of reality. By their very nature, 

mathematical models assume a static universe, which does not exist. 

When the model is a complex tree, a successful solution can often be used for 

other corporate strategies. Generally, tree models look alike until specific decisions 

made at key points are analyzed. In this way, the model represents a network of 

activities leading to decisions, outcomes, and successful goals. The tree can also 

depict certain behavioral models of the players, a key element in the process. 

In the past few years, there has been considerable growth in the use of business 

strategy games for management study and other problems, such as examining land 

use or political and social processes. Gaming entails using scenarios, games, 

simulations, or models to provide a background or environment in which a set of 

individuals, usually referred to as the players, can interact. The environment is 

almost invariably a simulation or a model of a real environment. For example, in a 
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business game, a computer model supplies the representation of the firms and the 

industry; in a military exercise, a sand table provides a model of the terrain. In some 

instances, the game takes place in a room that is a model of something else. 

The chess board can be regarded as a model of a battlefield, yet chess is 

sufficiently abstract that it can also be described as a model of itself. Although one 

can draw analogies between chess and life, the formal rules of the game do not 

pretend to model life. However, chess can help players understand difficult and, in 

some cases, unpredictable problems that can be encountered in business. The same 

clearly goes for most card games, such as bridge or poker. 
If one wished to study the effects on society of fighting a nuclear war, the 

scientifically accurate way would be to observe a nuclear war in progress. For 

obvious reasons, the study of a simulation of that phenomenon, even though it 

undoubtedly would be less accurate, is more efficient than a study of the actual 

event and, if done with care, should provide some insight into what might happen 

in a real situation. Such is the dilemma of many companies in designing and 

developing new products, from pharmaceuticals to automobiles to computers. 

Certain decisions and practices, if imposed on humans in reality, could have a 

disastrous impact. 

One advantage of games is that they provide a basis for acting out management 

strategies without the players ever leaving the table. Scenarios, variations, and 

known facts can all be pushed against one another to the brink of conflict or battle, 

without losing lives or resources. They can also be used to test intuition, rather than 

the hard facts on the factory floor, and test responses to known complex management 

problems. 

Gaming as Business Strategy 

In contrast to simulation, gaming out of necessity employs human beings in a 

particular role, either actual or hypothetical. A gaming exercise can involve human 

beings acting as themselves or playing simulated roles in an environment that is also 

either actual or hypothetical. The players can be experimental subjects, or they can 

participate in the exercises for teaching, training, or operational purposes. When 

playing chess, neither the role of the player nor the environment is simulated, but 

when students are told to assume the roles of top decision makers in a computerized 

business game or war game, the roles of both the players and the environment are 

simulated. For example, one might have a business game in which a student is 

instructed to behave like the president of General Motors. In this instance, the 

student is playing a simulated role. In a military exercise a major can be required 

either to simulate the role of a general or to play the actual role of a major. 

As noted, chess is one of the oldest strategic games in history. War games, 

particularly in the form of board games, are simulations of battles and invasions that 
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have actually taken place. Games have a distinct place in history and strategic 

management. As Nicholas Palmer noted: 

Games were credited with a contribution towards a number of successes, notably 

the Japanese victory over Russia in 1904-1905, for which the Japanese had care- 

fully prepared with war games. Most board war games now have a variety of 

scenarios, even in historical games, known as "what-ifs."2 

For those of you who have been trained by Harvard and other business schools 

that utilize the case study method, board games are similar to case studies. 

Automating these cases is an effective and often rapid-fire technique for judging 

response time and mental dexterity. Certainly, this is not the only testing vehicle for 

judging the human decision-making ability because, according to my research, the 

process of real-time, face-to-face decision-making generally creates the wrong 

environment for learning. However, we are all confronted with crises that demand 

on-the-spot choices. War games can develop the behind-the-scenes learning expe- 

rience needed to cope with these all-too-frequent occurrences. 

Game playing is exciting. Balancing resources and troops with tactics requires 

both a short- and a long-run approach. Obtaining the end goal is always at stake. 

Game designers play on human frustrations, allowing victors to win strictly by 

playing according to subtle rules. Certainly, there exist countless success stories that 

can only be attributed to random and unaccountable reasons: luck. Games offer a 

challenge as well as a nonvolatile way to learn about a multitude of situations. Some 

executives hope games will teach more about playing by the rules, if the players are 

disciplined, intuitive, and foresighted enough to make educated guesses about the 

future, the results of which can then be translated into real-life corporate strategies. 

These games, as Palmer points out, 

combine some of the virtues of each of the other types: They hinge on the ac- 

tions of individual regiments and divisions, but they have strategic goals and usu- 

ally simulate some important battle; most people find it fun to compare the game 

outcomes with what really happened.3 

One of the issues associated with war-gaming is strategic planning. In some 

ways this is the passion of the game. It is well known that there are 10120 

possibilities in chess; the nearly limitless number of possible move sequences 

contributes to its being such a universally challenging game. At the same time, there 

are only three universal outcomes: win, lose, and draw. 

There are a number of strategic moves that separate the novice from the expert. 

This passion for strategy moves the player from a resource manager to a strategic 

opportunist. Players who excel at tactics might or might not excel at global 

situations. Gaming is one way managers can identify players who are good 

strategists,  and those who are tacticians.  This can be helpful in determining 
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potential career paths. Modeling these games is an exciting challenge to the 

designers. The inventors of chess have left a legacy beyond even the works of Plato, 

Freud, or Sartre. They have given each one of us the chance to simply play and 

lose, or to win and come back again and again. 

Business strategy has been considered by many to be the corporate equivalent 

of war games. For example, in The Glass Bead Game by Hermann Hesse, the key 

to all societal values is portrayed in a game. The concept is fundamental to the 

development of the highly abstract gaming model as both an all-encompassing and 

intellectual exercise. At the same time, the book presents a dangerously sterile 

gaming procedure for modeling representations of human affairs: 

These rules, the sign language and grammar of the Game, constitute a kind of 

highly developed secret language drawing upon several sciences and arts, but 

especially mathematics and music (and/or musicology), and capable of expressing 

and establishing interrelationships between the content and conclusions of nearly 

all scholarly disciplines. The Game is thus a mode of playing with the total con- 

tent and values of our culture.4 

In the applications of gaming, whether they involve economics, war, societal 

affairs, or teaching, the conflict between mathematical abstraction and simplicity on 

the one hand, and societal richness and historical content on the other hand, is 

always present. Neither a purely literary nor a wholly mathematical approach to 

scholarship holds all the answers. 

Models of Reasoning 

Model- or scenario-building is a process for developing reasoning approaches to 

problem-solving. In the classical business school approach, the following elements 

are considered when solving a problem: 

Problem definition 
Is this a marketing, production, or management problem? Also, is the problem 

solvable? 

Selection of alternatives 

Is this a problem that can be solved economically, legally, politically, or socially? 

There are usually solutions to problems, but at what cost? 

Recommendations 

Statistical analysis often yields some solution, but might not always consider "wild 

cards" or "hunches." 

In applying this humanistic approach in the world of artificial intelligence (AI), 

there are equal approaches that arise as well. These include: 



57 © TECHtionary.com 

 

ISSUES IN KNOWLEDGE ENGINEERING 43 

Definition of problem 
This definition is expressed in terms of generally accepted symbolic or neutral 

languages, including syntactical and semantic adjustments. This is not to say that 

problem definitions must be configured in packaged formats, but any environmental 

similarity or uniformity of approach can yield a higher probability of success. 

Reasoning environments 

In any world, an underlying base of information exists from which people operate. 

Generally, this is called experience. In machine worlds, this is a data base of 

information, operating rules, patterns, formulas, heuristics, variables, and constants, 

as well as known case histories. In other words, this is a machine history from which 

reasoning can take place. 

People take their own reasoning processes for granted and, when asked how 

they reached those decisions, usually have little or no idea. Reasoning is thus a 

mystery to most people. Logically, one cannot expect a machine to have a reasoning 

process when most humans do not. 

This represents the heart of machine reasoning. For example, the sky is blue, 

except on overcast days when it is gray or at night when it is black. And then what 

color is the sky when it is snowing? This is hardly a challenge for a person to deduce, 

but what do machines know about snow? Certainly, some computers are pro- 

grammed with information about snow, but is yours? The variables, options, and 

choices become too complex for machine processing very quickly. 

Strategies for solutions 
Within multiple reasoning environments, strategies exist for organizing all of the 

possible alternatives into viable solutions. For example, examine the patterns of a 

sales strategy or purchase order process, deduce by searching the data base if any 

occurrences exist, and present options. Another strategic option would be to perform 

a series of laboratory experiments or consumer tests to determine which particular 

customer group is most likely to buy the product. Other strategies include: games, 

flowcharts, analogies, known solutions, maps, charts, and guesses. Figure 2.1 is a 

graphic depiction of knowledge engineering development process. 

At this point, the machine might not understand the problem, but it possesses 

the ability to input the problem and compare it within given environments from 

which possible solutions might or might not emerge. The "do-nothing" solution 

should always be considered as a viable option. 

Learning 
For an entity to grow, learning must take place to reinforce reality. Watching a 

product fail is a completely desirable means of gaining reasoning experience. The 

learning process is also a key to reinforcing such an activity; for example, finding a 

better searching scheme, a different kind of test, or a deductive approach. In certain 

cases, the process suggests an overall corporate management philosophy. 

For example, most city councils and many nonprofit boards operate under 
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Figure 2.1    The strategic issues in a knowledge engineering process. Copyright © 1986, KnowledgeWare, Inc. 

generally accepted rules of order. Many corporations should consider this standard- 

ization of rules as a means of organizing and processing complex and difficult 

problems, allowing for extensive reasoning, and creating viable solutions and 

strategies for solutions, all taking place within an agreed-upon process. 

The learning process can also lead to future problems being solved at a faster 

rate. (Faster might not always be better, however, as a number of possible 

consequences can result.) For example, a system can simultaneously track similar 

problems and solutions, as well as refine existing methodologies, thereby lowering 

problem-solving costs. This process is often called feedback-feedforward, mean- 

ing improving old ways while allowing new ways to direct future activities. Few 

users of word processors would deny that these devices allow them substantial 

savings by not having to retype long boiler-plate documents just to change a few 

names or to correct typographical errors. The user is then free to concentrate efforts 

on new documents or grammatical or content improvements of old documents. 
This same strategy can be applied to complex problem-solving, for example, 

using computer-aided design (CAD) to reduce design-to-completion cycles. 

Problem-solving can be automated like any other management activity, and this 

type of AI system will probably emerge in companies to supplement existing 

management's ability to expand the business without additional labor. 
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Guessing 

In designing any AI system, there is a balance between using a hard approach, 

which takes the form of heuristics, algorithms, or other prepackaged material, and 

the soft approach, which involves hunches, guesses, or hearsay. The emphasis of 

many expert systems takes the form of rule-based phenomenon. Cold, calculated, 

known approaches appear to be the most successful strategies for expert systems. 

This is due to the need for precise and either logical or fact-supported experiences. 

Training, as education, is a technology-transfer issue, where ambiguity in the 

communication channel is least desired. In other applications, ambiguity is a plus. 

Guesses can be necessary where few facts are known. Guessing can broaden the 

analysis, thereby allowing more options to be considered. In designing machine- 

based information structures, wild-card guessing features need to be an integral part 

of the architecture. The need for examining diversity rather than specificity exists 

as both an exciting and more efficient alternative to rule-based systems. Yet how is 

guessing to be designed into the consideration process? Various systems have 

various means for coping with hunches and guesses. 

One approach is to provide a system with an electronic whiteboard similar to 

one I developed, named CROSS/POINT. This system allows ample opportunity to 

create what might be considered machine-based thought patterns. Each data 

element can be interconnected with any other data element and formed into a 

large-scale network. This is somewhat more sophisticated than a semantic network; 

however, there is a need to design systems that offer idea networks which are more 

automated as well as more self-sustaining and active upon themselves. 

Expert systems take generally known facts and figures and organize them into 

congenial, interactive processes that can be queried by a student or user. Thought- 

processing systems offer the other end of the spectrum: a whiteboard that allows 

ideas to be noted, discarded, or linked together in any fashion desired, logical or not. 

Guessing might, in fact, come in either a logical or an illogical process. 

It can be argued that many reasonably intelligent people already have enough 

expertise to perform at the level of most machine-based expert systems. However, 

it is in these high-level complex situations where a corresponding high-level expert 

system is needed that machine-based technology is most fragile or limiting. It is here 

that new approaches to expert systems are needed. 

This kind of problem-solving might be more in the form of a facilitator than a 

provider of concrete solutions, which might create situations where guesses do not 

arise from the user but from the machine. The machine might be designed with 

guessing programs or guessing networks that allow users to have their thoughts 

probed in an attempt to gather necessary facts. Once gathered, these facts can form 

into a similar known solution that can be suggested to the user. 

Guessing in this manner might be the most viable means of problem-solving. 

Rather than assuming a preconceived notion about the problem, machine-driven 

guessing can bring out the widest range of possible solutions. This system also has 
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the interesting side effect of being able to catalog guessing sessions. This might give 

rise to analyzing guessing patterns that can become feedback to the user, or that can 

guide the user toward different guessing patterns than before. Moreover, it allows 

the user to explore more options than ever before. As with CAD systems, many 

different guessing situations can be simulated before selecting the desired solutions. 

As guessing systems become sophisticated, many situations can be processed 

simultaneously, and beyond this, the guesses can be tested or simulated against one 

another. In other words, the machine plays against itself or other machines. 

Guessing, hunches, and intuition are all necessary and dynamic means of 

human problem-solving using machine-based technology. For many, machine- 

generated guessing systems can offer creative solutions to problem-solving. 

Practical Limits 

Estimates for the digital storage capacity of the brain vary from 10
12

 to 10
1S

 
+
 . 

Some estimates include the concept of redundancy (interconnection of neurons); 

thus, for practical consideration, there are far fewer bits of storage available. Of 

course, applying computer terminology to brain processing is somewhat ridiculous 

because they are altogether different systems. At present, computers process one or 

two activities at a time, but the brain is quite capable of great levels of multiple 

processing. However, such activity is handled much faster with a machine than with 

a human brain. 

There are limits to the size of a human brain. This could change, of course, 

through evolution, but only over an extended period of time. Presently, there are 

millions of instructions per second (MIPS), millions of floating-point instructions per 

second (MFLOPS), parallel operations per second (POSPs, usually measured in 

millions), giga POSPs (GOPs), and others emerging every day. As a comparison, the 

human brain uses far less energy, is mobile, and can cope with an infinite (or nearly 

so) amount of ambiguity. 

In defining practical limits, the issue is not whether a machine is smarter or 

faster than a human, but how machines and mankind can work together to solve 

problems and expand the human capability. Many theorists pit man against 

machine, but at this point, a cooperative approach is needed. Computers are often 

solely relegated to performing mindless tasks, such as processing tax forms, payroll 

checks, or other appliance-type activities, but there is an untapped gray area in 

which computers can be integrated with human activities to perform as "power 

tools" to extend humans beyond their present performance capability. 

Children are fascinated by computers, toys, and robots because they do not 

have preconceived notions about the capabilities of these machines. They accept 

and tolerate the device for what it is and expect nothing more from it. Although it 

is not the same process to instruct a child as it is to instruct an intelligent machine, 

there are practical application limits with both. Although children get restless, 

bored, and are in constant need of amusement, while machines have no such needs, 
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both are limited by the environments in which they operate. Without going into the 

physical limitations, each has an ability that is programmed into itðby nature in the 

case of the child, or man in the case of the machine. Each is capable of learning 

about the other, and each acts according to the limits of its environment. 

Practical limits have more to do with the solving of existing problems than the 

expectation that a machine will converse like a human or that a human will act 

intelligently. At times, humans prefer machines, and machines would probably 

prefer themselves, too! British scientist Alan Turing defined the conflict standard 

that pits human being against computer, which is also setting practical limits of 

inquiry. Turing hoped that machines would eventually compete with humans in all 

intellectual fields. He might as well have argued that compassion and tolerance 

should be the first areas of development in machine intelligence. 

As a paradox, problems, almost by definition, are limitless. There are no limits 

to existing or future problems, either anticipated or unanticipated (See the cartoon 

at the beginning of Chapter 8, Future Trends in Knowledge Engineering). For 

example, all of the world's computing intelligence could not solve world hunger or 

the immense suffering caused by violence. 

There might be limits to using machines to solve these problems, but from the 

research conducted in nearly every aspect of automation, when systems are applied 

in gathering sufficient data, solutions can be found. It is almost a truism that in 

understanding data, new approaches are needed to improve the comprehension of 

this information, whether in lowering costs or increasing performance. Moreover, at 

what point do you stop accumulating information? Are the limits in this sense the 

trivial, sublime, or often inconsequential bits of information that abound in the daily 

work place and throughout the universe? 

The Systematic-Intuitive Approach 

As the complexity of a problem increases to the point of abstraction, machine 

technology must share the same limitations as the human mind. Should a problem 

be approached by paring it down to its core, and then arranging the information 

associated with the problem according to how the core is analyzed? Should the 

layers of information be peeled back from the outside, thus exposing the core? To 

address this dilemma, the nature of information in process needs to be examined. 

Channels of Distribution or Span of Control 

As information flows, it accumulates, among other things, 

Å Speed 

Å Density 
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Å Force 

Å Time 

Å Space 

One of the areas worth discussing is the capturing of information at any moment 

in time and viewing it, if possible. Information in the mind of a person is only a 

glimpse of an ongoing process. Information in machines is static and moves only at 

the direction of a human. Consciousness thus offers radical viewpoints, depending 

on one's perspective. Information passes only in a moment, and its value changes as 

though it knows time is part of the process. What we want to create is a concept of 

information that fits both human and machine environments. 

In a machine environment, it is as though the machine takes on human qualities 

and begins to understand some of the elements in order to be irrational enough to 

be humanlike. Humans must conquer themselves in order to create environments in 

which their activities are more competitive with machine systems. It is not a 

question of capturing human thought, but rather of reducing the noise and 

abstraction of life, if only to examine what abstraction really is. The question of 

control span or distribution channels has to do with the human ability to approach 

greater levels of abstraction simultaneously. 

The span of control in the mind is complex. It is like a storm passing through 

various regions at random. Randomness is due to the origin of the problem being 

considered; it expands throughout the brain, depending on its span of control or 

channels of distribution. The span of control is quite an active framework with 

respect to the problem. The channels of distribution are the avenues the problem 

uses when traveling through the brain. The framework is like a storm (span), and 

the channels are the land over which it travels. The framework alters and changes 

course, depending on the complexity of the problem and its movements throughout 

the brain. 

It is the approach of reverse AI or differential AI (DAI) that might provide 

greater clues into knowledge processing. As in adaptive differential pulse code 

modulation (ADPCM), the information is analyzed not from similarities but from 

differences between what was and what is. 
It is quite possible that the mind takes the same approach toward information. 

It only reacts significantly if the information currently being received greatly 

surpasses previous information. The mind, in this sense, is only really interested 

when complex information models are created. Again, rather than conserving 

energy or mind-processing capability, the human brain creates more and more 

processing when it is excited. This is similiar to virtual memory in that the machine 

provides memory when needed. 

The machine design focuses, however, on conserving energy rather than 

providing limitless capabilities of the mind to dream. The mind seeks out complexity 

rather than monotony.  Designing a machine that deals with  complexity  and 
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abstraction is a perplexing problem. Perhaps we cannot design such a machine. 

However, if we cannot, it will be difficult for existing machines to cope with people 

who are increasingly more complex. This is a catch-22 situation, with machines 

expected to be real experts while, at the same time, people or the problems become 

more and more complex than they were before such devices came into being in the 

first place. 

Real Time: Can Machines Think? 

Much of human behavior has nothing to do with time, and much of it deals solely 

with time. Time separates "now" from "then," and "now" from "when." It is 

generally accepted that there are day people, who work well during the daylight 

hours; and night people, who experience their best at night. Time is the structure 

that separates events into those occurring simultaneously and those taking place 

over an infinite spectrum of time. Much of brain activity takes place constantly, 

although activities also exist that have specific time requirements. This is the 

paradox of time. 

For example, sleep generally takes place at night when one is tired; therefore, 

night might be a factor in triggering sleep. Yet, in another sense, the brain is active 

all the time in order to keep us alive during sleep. Thus, the brain is always 

operating in real time and is constantly at work. Machines, however, are generally 

at rest, except when called upon by humans to work. 

There are many theories about this active sense of the brain at work, but little 

is known about how much work is actually being performed by the brain, with the 

possible exception of research into the understanding of dreams. It is this concept of 

dreams and their associated representational approach to the brain that is intriguing 

as a way to understand a larger view of behavior and thinking. 

Various types of activities, from physical motor activities to speech and 

language, are all available spontaneously to humans. Humans can stand, sit, yell, or 

perform an infinite variety of functions without thinking about them. Essentially, 

the software or program behind these activities has been well written and debugged. 

What is not provided genetically, we program in ourselves. 

In many areas, the program code is waiting to be written. Learning how to ski, 

write a sonnet, or fly an airplane is something that we program ourselves to do. 

These types of activities represent a step beyond the level of merely replacing an 

activity that is known with another that is unknown and communicated to us. Figure 

2.2 shows some of the steps in a knowledge engineering system. 

Under consideration is the issue of real-time thinking. One might ask, What 

is the comparison? There is a new genre of research that suggests that nonreal-time 

activity opens a new dimension in offering humans contemplative time. In fact, 

real-time communication is quite interruptive and even disruptive. This represents 
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a complex area of research; there are increasing arguments that humans might 

operate better in nonreal time than they do "live," although it is certainly difficult, 

if not impossible, to imagine football or any other sport taking place in nonreal time. 

Yet the issue being discussed is thought and the thought process, with the 

question arising of how to design a machine that thinks. An examination of how we 

think might supply better answers for the design of a thinking machine. The 

cognitive behaviorist would be more excited about a better-thinking machine than 

a faster-processing machine. 

It is fascinating to note the interest in nonreal time by theoreticians as the 

environments of real and nonreal time offer new views in the world of thinking and 

behavior. Few machines presently operate in real time, although the concept of 

foreground and background (performing one activity while you are doing something 

else) real-time processing is emerging quickly. In machine terms, nonreal-time 

processing takes place as background processing. The subconscious is sometimes 

associated with background processing, in some cases putting the real-time events 

into their own perspective. 

Some say a dream is a representation of how the mind viewed the world that 

day. In effect, a dream is not what the person actually saw and experienced, but a 

delayed broadcast of what the mind perceived throughout the course of the day. 

This dream reality does not reflect how the conscious mind remembers the events, 

but rather how these events fit into a personal scheme of inner reality, a reality of 

which we might not be fully aware. In such a reality, time might be subjective, 

although very real in some personal sense. 

Looking into real time and nonreal time can provide insight into how the mind 

views thought images in the midst of constant activity and then catalogs the images 

until the person is ready to act. Examining each of these still-life pictures and 

evaluating them is part of determining what thinking is. In other words, like oil 

paintings that depict real scenes in nonreal time, mental images are software 

systems, some constructed in real time and others in non-real time. Over periods of 

real time, these mental images process the past as well as imagine the future. 

Language and Perceptual Models 

In developing systems that interact with the real world, the use of models is a 

common ground where ideas, theories, and devices can be tested, usually without 

harm to people or objects. However, the difficulty with developing thinking models 

is that there are few trustworthy models with which to test the "real" world. As is 

often the case, models of future events or new inventions have few commonly 

accepted terms or conditions. 

In fact, language often fails to come to grips with new concepts. Consequently, 

language becomes too complex for the lay person to understand, and a technocratic 
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language emerges for discussing the new technology. In general, the language of 

perception is also limiting. There are few accepted approaches to the development 

of experimental activities. In this sense, language reflects the evolution of ideas 

away from reality. 

Perceptual models for machines can be possible if the process of communication 

between human being and machine can be designed to minimize error and 

maximize experience. How would these systems emerge, and how could they be 

used for such sophisticated activities as thinking for themselves? 

A better understanding of language is a first step toward such development. One 

of the underlying assumptions is that language becomes experimental and individ- 

ual. There is no basis for a single universal grammar or alphabet. As systems 

become complex, they develop their own way of experiencing the world. Machines 

interact with one another in increasingly defined and unique ways. As devices seek 

higher levels of interaction, there become more unique means for determining a 

hierarchy of that interaction. Master chess players can test one another in only a 

few words, a demonstration of body language, or some other frame of reference. 

This type of interaction is generally more limited by language than enhanced by it. 

Language is only a medium to support a limited form of activity, and often fails to 

describe the nearly infinite variety of activity taking place. 

Language becomes difficult to use in the development of sophisticated experi- 

mental models. Certainly language has a wide range of practical applications. 

However, futility follows from the assumption that it can be used or even developed 

in a universal way. 

For example, there is probably an infinite variety of uses for the color red and, 

in combination with green, an infinite possibility of variation. Is this infinite times 

infinite or infinite2? Moreover, this does not explain our feelings about red or green, 

which can expand the possibilities even more. 

To take the opposite approach and assume that language provides only a 

cataloging process makes more sense. For example, I have more words than you, or 

you used fewer words to provide a perceptual model for falling rain. Or your model 

of falling rain nearly reflects the behavior of water under gravitational stress or pull, 

or your holographic simulation captures the physical and experimental activities of 

water but lacks the reflective qualities that light exhibits in this activity. In other 

words, one wins technically but fails emotionally to understand the event. Dr. Mark 

Zimmermann, a computer scientist, reminds us that "poetry may be an optimum 

means of communication using language as the transmission medium." 

Currently, we stand at the modeling equivalent of the beginning of biological 

time. Our ability to model is almost as primitive as the single-celled creature is in 

comparison to fully evolved humankind. In this sense, language is at the stage at 

which this simple creature can barely cope with its environment, much less evolve 

into a higher species. 

The concept of universal machines for solving universal problems seems on the 

surface to be a desirable goal. Much has been written in support of this approach, 
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but there is strong evidence that a very different approach might be closer to the 

way life really is. Although the brain has certain areas devoted to specific functions, 

evidence is accumulating that memory seems to be everywhere; that is, the mind 

takes a distributed approach to memory. The mind makes connections in life not 

just by a single approach, but in a complex, distributed way. It places ideas, 

concepts, and models in many areas, forming complex associations. This allows 

experts to recognize one another by only a glance or a gesture of speech. 

The development of perceptual models is critical to advancing the development 

of machine technology to a higher level. However, because of limitations similar to 

those associated with our own language, new approaches are needed to allow this 

development to take place. 

Understanding 

Much of what we call meaning is an internal translation of information into a 

definition that fits with our view of the world. To say, "I understand," requires an 

enormous background of feelings, thoughts, emotions, and data. Moreover, all this 

has to be organized in a manner that makes sense. In many cases, the computer 

scientist's view is to say that it is basically a computational model where the scene 

and the players change, but the underlying elements are the same. These elements 

are models, formulas, and rules that can be preprogrammed. 

Understanding might be more than the mere conveyance of words from one 

individual to another. One might want to approach the problem from the viewpoint 

of the sender rather than that of the receiver. What were the sender's intentions or 

meanings behind the words? Is there a context in which I need to know the 

background before I can understand? 

In "A Computer Scientist's View of Meaning," Daniel Keysen indicates that 

there is no actual point of understanding per se. There is "no clear-cut criterion 

between a state where the message is not understood and a state where it /'s 

understood."
5
 The need is to be able to know definitively, beyond the technical 

communication itself, that the receiver can act upon the message sent. Keysen 

provides four examples: 

Å Ask the sender to repeat the message. Any type of recorder could perform 

this function flawlessly. 

Å Provide paraphrases. Skillful story-writing programs could provide an ade- 

quate rearrangement in order to satisfy this requirement. 

Å Respond through some act or activity. Again, a computer could be pro- 

grammed in order to deduce the desired function. Keyser notes that "several 
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messages may correspond to a single action, and many messages correspond 

to none." 

Å Use tests to understand. Testing could measure the ability of the receiver to 

retrieve information and then act appropriately. 

The computer scientist is faced with a complex philosophical dilemma similar to 

Goedel's theorem that some propositions can neither be proved or disproved. The 

criteria for understanding might be rather in the area of having the appropriate 

response, depending on the context or condition. For example, just because you call 

the fire department does not mean that your house is on fire. Just because you are 

hungry does not mean that you will eat stale bread. And so on. 

Much of the computer modeling that is performed has to do with the designing 

of products (cars, chairs, buildings). The computer in this context is not asked, 

required, nor desired to understand the meaning or purpose of the activity; it 

merely responds. 

Summary 

Throughout this chapter we have focused on many of the dilemmas that face the 

development of knowledge engineering systems. While machines become smarter 

and smarter, so it seems, do the problems encountered that need solutions. At the 

same time, the knowledge engineering industry often professes to be able to solve 

even the most formidable problems. The executive faced with the development or 

use of such systems must be "real" about what these systems are capable of now and 

in the future. 
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Introduction 

In simple terms, an expert system (ES) is a computer program or system that 

organizes knowledge within rules or procedures to solve problems for a particular 

problem or task. If properly designed and maintained, an expert system can 

perform at or near the level of a human expert. The key issue is that an expert 

system is a machine. Current systems often have the constraints of the background 

and limitations of its creator-designer, and the skill and knowledge of the person 

who uses it. Presently most expert systems fail because (1) they require too much 

expertise from the userðit takes an expert to use an expert systemðor (2) they 

solve only certain classes of problemsðhelp you make chicken gumbo soup but not 

cream of chicken soup. 

An expert system must have a diverse background reference to be effective, as 

opposed to an incredible ability to be efficient. Expert systems reflect the rule-based 

side of decision-making; mathematical models, formulas, algorithms, and heuristics 

can easily be applied, allowing expert systems to be developed and efficiently 

utilized. Where management or office procedures dictate a certain realm of finite 

possibilities to the decision makers, an expert system can be a vital management 

tool. 

Expert systems are more like productivity aids than truly intelligent software 

systems. They are tools that help managers improve the flow of information. These 

computer-assisted "power tools" provide an effective means for improving under- 

standing, problem-solving, or decision-making. These capabilities suggest that a 

wide range of expert systems will be developed to guide clerks using payroll 

systems, help engineers with design, and aid doctors in diagnosis. A manager might 

also use such a tool to develop new models for organizational development, training, 

and policy analysis. 

The July 1986 issue of Computerworld lists 17 expert systems "worth the cost" 

of development. These systems service the areas of business, computing, engineer- 

ing, finance, geology, manufacturing, medicine, resource management, and science. 

The expert systems did everything from providing estate planning and investment 

advice to selecting auditing procedures, configuring computers, diagnosing infec- 

tious diseases, and assessing problems with oil wells. 

In comparing expert systems with other knowledge technologies, the term 

"expert system" is used to describe rule-based technologies where the information 

is packaged or premixed. The term knowledge network is used to describe a 

network of people in a thought-processing system. There are writers who use 

knowledge engineers synonymously with expert system engineers. 

To define a point of reference and to signify the role of people in the process and 

the resulting differences, knowledge networking refers to human-based activi- 

ties. This is not to say that expert systems are nonhuman. The difference is subtle. 

In an expert system, experts program their knowledge into a computer. 
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There are extensive applications for this type of system in business and industry 

(see the following). In many instances, an expert system can save thousands of 

dollars by training a new worker, performing tasks that can solve a factory floor 

problem, or preventing a nuclear power plant from going down. 

An editorial in a  1985 issue of PROTO, an AT&T Network Systems Group 

newsletter, posed the following question: 

"What if you could make an automobile engine that could do four times the work 

but run on half the fuel at the same cost as an engine of approximately the same 

dimension? 
Which of the following would you do? 

Å Build a car that would go faster. 

Å Build a car that would go farther. 

Å Build a car that would carry bigger loads. 

Å Build a car with lots more power accesories. 

Å Do all of the above . . . and then some."1 

If you could make such an engine, you might want do to all these things and 

revolutionize the automotive industry. However, this particular hypothesis is not 

likely to be road-tested because of the boundaries of mechanical engineering and 

the limitations of the internal combustion engine. A problem with so many 

value-loaded, subjective possibilities might not be appropriate for an expert system 

to consider. 

Certainly, scale is a factor in applying expert systems. That is, the size of the 

problem determines whether it should be solved by an expert system. Some 

problems are so large or so complex that it will be years before computer technology 

can process the information in an acceptable amount of time. Time is also a factor. 

Waiting 24 hours for a weather report is no help to a ship caught in a hurricane. 

Complex situations or "what if" problemsðfor example, the boiler temperature 

rises beyond the normal range; how can we lower our costs?; what should I do under 

these circumstances?ðare valid issues for an expert system. 

One of the most common criticisms of some expert systems is their lack of 

sufficient real-life experience in task management, problem-solving, or decision- 

making. In addition, many such systems are hardly more than advanced data base 

management systems (DBMS). With the use of such programming languages as 

LISP and Prolog, these systems aid in the development of expert systems. As noted 

in Chapter 2, Issues in Knowledge Engineering, users have widely varying needs 
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and applications for expert systems. Even in well-known systems that were 

developed for medical applications or sales-ordering processes, quantifying man- 

agement tasks is a complex, if not impossible problem. 

Because management decision-making follows few rules, expert systems are 

generally used in situations where tedious and repetitious tasks produce human 

error. Such errors often happen with disastrous results in medical or sales-ordering 

applications. In other, complex applications, the process goes beyond simple 

commands and rule assignments. Activities where thousands of dollars are at stake 

in managing certain tasks might justify the cost of developing an expert system. 

Most expert systems, in fact most software programs, are designed by relatively 

few people. Certainly, it can be argued that committee decision-making is less than 

perfect. Yet developed or well-considered decisions more often emerge from 

committees than from single experts. 
There are numerous examples of corporate policies and procedures that can be 

automated. Handling, executing, or designing functions might include sales-ordering 

procedures, travel voucher processing, purchase order management, management 

approvals, telephone allocations, room size as a function of management position, 

and rules concerning the use of the executive dining room. The underlying key to 

designing successful expert systems is the ability to have and maintain sufficient 

rules and procedures that can then be used in a timely manner. 

The present state of increasingly complex management problems justifies the 

development of the expert system; the need to update or maintain these rules 

warrants the ongoing maintenance and use of such systems. Expert systems are 

most viable (1) within narrowly defined parameters, (2) have a long historical basis 

within the organization, (3) are least likely to change in the foreseeable future, and 

(4) can easily be updated. 

The successful expert systems are those which are used constantly and thus 

checked for error, redundancy, and task-solving capability. Just as it is important 

for a system to capture the thoughts of a genius, it is equally important that it be 

able to change or delete the knowledge as it evolves or is proven wrong. 

Expert Torque 

An expert system's value is measured in many ways. For example, the smoke test 

evaluates, Can I solve my problem or make a better decision with the help of a 

"whizbang" expert system, or can I do it faster and better myself? Time is the 

pressure point here, as it is in most instances. Anyone who has reached a certain 

level of experience in his or her occupation can make decisions rapidly and with a 

high degree of confidence. By focusing on the point of use rather than on the scope 

of the decision-making, expert systems are viable tools for business. Any person, 

whether a wine merchant, telecommunications network engineer, lawyer, or doctor, 
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can pinpoint and solve specific problems in a moment. This is certainly the beauty 

of the mind. For example, a firefighter doesn't have time to ponder a wide range of 

options when he arrives at a fire site. An expert system can prepare the firefighter 

beforehand to take appropriate action at the fire. 

The following is a brief analysis of various forms of computer-assisted manage- 

ment power tools that are being developed: 

Å Known-decision tools provide users with step-by-step methods and directions 

for making decisions when the correct decision is possible. 

Å Gathering tools provide users with names, numbers, codes, and words to 

organize documents, thoughts, and so on. 

Å Training tools provide users with step-by-step methods to follow when 

decisions are not required. 

Å Wild-card decision tools provide users with a step-by-step method and some 

criteria for making necessary decisions when the correct decision is not always 

possible. 

This list only suggests that these functions will eventually be computerized. The 

fields of artificial intelligence (AI), expert systems, and productivity aids (PA) will 

develop rapidly as management's needs are recognized as critical to the planning 

and operation process. 

Standards 

Standards is one of the numerous issues in the knowledge engineering (KE) field 

that has received little attention. Standards might not be required in a system 

except where expert systems are networked together with other similar or dissimilar 

systems between plants or offices. However, the issue of standards in regard to 

decision-making cannot be underestimated. The more accepted a standard becomes, 

the more it is used. This applies to all industries, from manufacturers of soup cans 

to carpenter nails. It is particularly true in technical industries such as local area 

networks (LANs), electronic mail, telecommunications networks, and computer 

operating systems. Furthermore, the faster standards emerge, the more quickly 

society in general can utilize the technology. 

The electronic mail X.400 standard is an approach to developing methodologies 

for communications systems that applies to expert systems as well. Essentially, 

X.400 is a transport system whereby messages are packaged in standard ways, 

moved to distant locations, then unpackaged to suit the receiving party. The 

standard is not concerned with the content of the message transmitted. Like an 

automobile highway, it is indifferent to the type of car that is driven on it. One of 




