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CHAPTER 3: LITERATURE REVIEW

Introduction to the Literature


This review of literature began in July of 2001 and continued throughout November 2002. The basis of the review of literature was professional journals and publications, books from the fields of philosophy, public administration, information technology, strategic planning, and urban and regional planning. Based upon the appropriateness of the technology concerned, many sources were retrieved from online publications within the World Wide Web. 


The purpose of this review of literature is to examine issues related to actors in the urban planning process, putting a public decision support system online, and to review the history, direction, and potential design components for an Online Public Decision Support System. To accomplish this, one must look at some supply - or push - issues (appropriate types of tools within the realm of decision support) and demand - or pull - issues (behavior, attitude, and perceptions of planning decision makers), which affect design factors. In this chapter, seven provinces of the literature that are relevant to this topic, the problem, and its context will be reviewed. The three provinces of demand/pull that will be explored are (a) the prevailing issues, problems, and trends in Information Technology that are germane to Online Public Decision Support Systems; (b) the issues and barriers to the adoption of IT by actors in the urban planning process; and (c) the methodologies and previous surveys of actors’ attitudes and perceptions of computers and the Internet. The four provinces of supply or push that will be examined will be (a) applicable background of planning, computers, networks, and the Internet as they apply to the problem; (b) the nature of problems, decisions, and Computer Based Information Systems CBIS; (c) Computer based decisions systems for public participation; and (d) design issues of the DSS for Online Public Decision Support Systems. This chapter will feature an inquiry into some of the major issues and how they affect this investigation.

Issues with Information Technology


One must first consider if there is a demand for online information technology tools within the realm of urban planning. The Information Technology revolution has caused many sweeping changes in diverse sectors of the economy, including (a) changing the ways in which people look for goods and services (how individuals and organizations communicate and do business over the Internet) and (b) the ways in which organizations are reacting to this changing demand by altering the relationships between and among actors regarding information distribution. The most data-intensive industries (telecommunications, banking, investment, and retail) have seen the biggest changes, but almost all industries have been affected. These issues have been covered fully in excellent sources such as Marakas (1999) and Moschovitis et al. (1999).


The Information Technology revolution is causing changes in how actors within the realm of urban and regional planning are communicating and doing business. The worth of a plan to solve a problem is dependent upon the quality and quantity of relevant information used during the definition of the problem space, the goal state of the problem, the evaluation of alternatives, and the creation of decisions. This relevant information may be manifest in a number of different forms such as long-term forecasts, analyses, models, documents, or multimedia presentations. This information may be combined with such other modes of information, as practical experience and political knowledge, expressed through the collaboration of various actors to form the knowledge needed to move to the goal state of the problem. When considering the media used for the delivery of relevant information, one could generalize that forecasts, analyses, and various types of analytical tools provide models. These analytical tools and models often deal with quantitative information and are frequently implemented with the aid of the personal computer (PC). Documents, news clips, and interviews are often provided through both printed and electronic forms of communications that manifest themselves as various types of multi-media. Finally, observations, practical experience, and political knowledge are usually delivered in a less formal manner through collective cognition. Collective cognition is the knowledge stored in the minds of people. This cognition is typically facilitated through interpersonal communication (Shiffer, 1992). This collection of knowledge is used to solve problems, support decisions, and create strategic plans. These issues relate to research question three dealing with the use of computer technology in urban planning. 


Second, even though internal and external forces are driving the process of change, it has been pointed out by expert sources such as Klosterman (1990, 1990b) that the urban planning process has lagged behind in embracing all that information technology has to offer when compared to other information and data intensive sectors.

Computers entered the mainstream of city and regional planning in the early 1960s on the crest of a paradigm that scientific methods and computer assisted analytical techniques could solve society’s most critical problems. Computerized models of the city held the promise of increasing the planner’s comprehension of the urban development continuum. This insight would improve the planner’s ability to identify the causes and effects of public and private actions and to accurately forecast the future condition of the city (Klosterman, 1990b). 


Klosterman goes on to state that by the mid-1970s, urban planning’s first computer revolution ended in defeat. Planning experience gives proof that large-scale urban development models were overly comprehensive and complex, inadequately grounded in theory and data, and poorly adapted to the needs of policymakers (Kostermann, 1990b). The analysis of this failure provides direction for future research and development of a new generation of tools.


Most resistance to change derive from the following situations: (a) Efforts toward automation have been concentrated on office management functions; (b) Management of information is considered an internal method of control and to have power over information is a general influence in the policy making process; (c) Civil servants have traditionally acted as gatekeepers of knowledge; institutional memory is the basis of tension between the people’s right to freedom of information on one hand and a government interest in protecting information on the other; and (d) Access to online information is generally considered to be covered under the Freedom of Information Act; however, questions remain to be answered regarding privacy and diminished access to information as governments move forward with privatizing government services in order to cut the size of “Big Government” (Gordon and Milakovich, 1998). This information relates to research question four.


Governments have conducted efforts to improve productivity through the innovative use of information technology. Computers and software have made noticeable differences in such areas as education systems, unemployment compensation and retraining, welfare, capital construction programs, procurement of goods, services, and payment for those services. However idealistically government views computerization, computers and technology are pragmatically viewed as capital investments rather than techniques for improving productivity services (Gordon and Milakovich, 1998).


Advancements in information and telecommunications technologies have made many new options available. Major accomplishments in industry raise the hope that technological crossovers can be made to reinforce Online Public Decision Support Systems for urban planning. For example, the service, retail, and manufacturing sectors have demonstrated the worth of automating, tracking, and reengineering the business and transaction processes (Jones, 1998).


Political parties, retailers, banking, financial, and telecommunications industries have proven the worth of electronic communications with direct-to-consumer marketing and services, data mining, and knowledge management. For  more than two decades, the retail and travel industries have demonstrated the value of electronic scheduling and conducting online transactions through such reservation and scheduling software systems such as SABRE and GALILEO. Consumers have demonstrated that there are pressing needs and a substantial market for innovative solutions to problems and that there are outdated modes of doing business to be replaced. By meeting these demands from the marketplace, the software industry has, by proxy, set the stage for contributions to the development of Online Public Decision Support Systems for urban planning. 


Developments in the computer science and information systems, such as artificial intelligence and expert systems, new languages, and systems of programming (JAVA, GML, and object-orientation) have a profound impact on many facets of Online Public Decision Support Systems. In addition, innovative technologies such as laptop computers, personal digital devices, optical data storage, data warehousing, and geographic information systems will drive many of the changes within urban planning.


A plethora of issues, problems, and barriers that are related to changes caused by IT have been referenced in the literature. Factors such as technophobia, lack of training and expertise among the workforce, inappropriate and poorly designed systems and user interfaces, along with constant change, are a few of the significant workforce and human factors affecting the industry (Marakas, 1999).


Information Technology has caused sweeping changes in the economy, and issues dealing with access, communication, form, and function are clearly visible. A prominent theme in the literature is the drive toward Information Technology in all its forms and the forces that are influencing decision-making in urban planning. First, it is clear there is a great deal of promise surrounding the information technology industry, and IT is frequently put forward as a means of making life better. Second, there are powerful policy forces at the national level. The U.S. Department of Energy and the U.S. Environmental Protection Agency are interested in exploring the role that federal agencies can play in helping communities establish locally based and controlled Regional Resource Centers equipped with a suite of Decision Support Systems (www.ncat.org/comtool/introhtm). Through technology programs such as the Information Superhighway of the Clinton Administration or the telemantic programs of the European Union, technology becomes an instrument of the macro policies of intervention on economic and social matters and rural and urban planning.  These are driving the United States toward a culture that bears the mark of technological determinism (Eveno et al., 2001). These issues deal with research questions one and two as they relate to the use of information technology and its perceived worth. 


A third theme in the literature is the convergence of technology that can be seen in each of the other themes in this chapter. Since the advent of the Internet, society’s vision of how technology will affect the future has undergone a radical transformation. At this turn of a century, it is commonplace to assume that all forms of technology in the future will converge and be interoperable. There are many examples of Information Technology convergence in the literature. The most obvious, useable, and formidable instance of convergence is the Internet, which is the confluence of computers and telecommunications. The power, impact, and potential of the Internet have surpassed everyone’s expectations (Moschovitis et al., 1999).


The theme of convergence is being promoted through the emergence of the new and next generation digital technologies and options such as wireless applications protocols (WAP), global positioning systems (GPS), personal digital assistants (PDA), and mobile and wireless handheld devices such as cellular telephones that can be used very effectively in a variety of ways.  
The convergence of technologies and transition from an analog to a digital society is not only about how to represent, store, or present information, but also how the information can and must be shared among experts in the field in order to effect change. Data can be updated in real time through digital monitoring devices and the synthesis of data collected from disparate sources. Through this process, the separation of routine management functions from the strategic planning processes are converging just as the separation of events in real-time from those that are defined in the abstract decision-oriented time are converging.  In the past, data that was used for routine management was rarely linked to strategic decision-making, the recording interval being the impediment to real time data availability (Laurini, 2001).


The developments in micro and remote sensing capabilities, including geographical information systems (GIS), Satellite Remote Sensing, Global Position Systems (GPS), and tele-monitoring, will lead to real time surveillance and monitoring systems that will have enormous implications (Martin, 1996).  It is inevitable that monitoring systems, real time remote sensing, and the interactive databases will bring urban management and planning functions closer together through Information Technology.


There are a host of technological and business problems and issues mentioned in the literature that deal with convergence. The business world struggles to see who will dominate the market and become the industry standard. Many organizations are left with redundant or non-compliant technology or are confused by the array of choices and conflicting marketing claims (Dertouzos, 2001). Disparate platforms and technologies are a threat to the seamless transfer of information from one computer to the next and one actor to another. These issues deal with research question three, issues in IT and urban planning.


The fourth major theme in the literature has to do with ethical considerations in the domain of information technology. For a responsible actor, ethical principles are an essential component of solving any problem. Ethical principles are ideas of behavior that are commonly acceptable to society. Ethics has to do with making a principle-based choice between competing alternatives. In making ethical choices, following a logical approach and applying commonly held principles usually leads to higher quality decisions than relying on intuition or personal preference alone (Kallman and Grillo, 1996).


Information Technology is a persuasive technology, and ethics are an important point from which to view the use of computers in planning. Adopting an ethical perspective on this domain is vital since the subject of computers and the subject of influence both raise important issues about ethics and values. The ethical implications for those persuaders in society (e.g., sales people, counselors, religious leaders, etc.) are similar for actors who design influential technologies. The key for those designing persuasive interactive technologies is to gain sensitivity to the ethical implications of their actions. Core values should apply to all persuasive computing designs, such as avoiding deception, respecting individual privacy, and enhancing personal freedom (Fogg, 2001). Access for ethnic and economic groups to IT ought to be a core value.


Through the creation of such technology as OPDSS, those in the urban planning process are creating the artifacts of their profession, which in turn will support the creation of the products of their trade. How can a practical profession such as urban planning, one that creates products that might alter human actions and possibly influence the way we live, ensure that it is acting responsibly? Is it even possible to know the potential consequences of our actions?  


As society embraces technology, it has not always paid attention to the risks and social costs of technological advancements. Pollution, unemployment, and the “tragedy of the commons” are issues commonly mentioned in the literature by such modern American philosophers as Christopher Stone and John Rawls. When making decisions pertaining to persuasive technology like an Online Public Decision Support System, one ought to examine the ethics of such decisions.  There are various avenues of ethical reasoning; however, modern ethical theory can be divided into two broad categories: deontological and teleological, the ethics of duty and the ethics of ends or consequences. 


Deontological theory comes from the Greek word “Deonto,” meaning duty. An actor using a deontological theory would consider the basic duties and rights of other actors or groups of actors and act in accordance with those guidelines. The actor would make a decision based upon what the actor considered as his/her moral obligation or duty. Under deontological ethics, certain acts are right or wrong in themselves (Xrefer, 2002). 


Immanuel Kant’s (1724-1804) moral philosophy, an example of deontological theory, emphasizes fidelity to principle and duty. For Kant, an actor’s duty is to follow moral law, which is summed up in the categorical imperative: Act according to a maxim that is at the same time valid as a universal moral law. In other words, our actions must pass the test of universalization. Kant’s moral philosophy can also be summed up in the word “respect.” This moral law requires that we respect humanity as an end in itself. We cannot treat our fellow human beings exclusively as a means for achieving our own purposes in life (Spinello, 1995).


Contractarianism, or a rights-based approach to morality, is another type of deontological theory.  According to this viewpoint, morality is grounded in the social contract between government and its citizens, and this contract guarantees us certain inalienable moral rights such as the right to life, liberty, and property.  Contractarianism emphasizes fairness, which is achieved when the participants in social arrangements have been accorded due respect.  John Rawls’s (1921) theory of justice represents a rights-based, deontological approach to morality, which highlights justice as fairness (Spinello, 1995). A bottom-up public participatory approach to decision-making could be categorized as a deontological approach to urban planning.


Teleogical ethics comes from the Greek word for goal, task, completion, or perfection (Xrefer, 2002). The theory of utilitarianism developed by Jeremy Bentham (1748-1832) and John Stuart Mill (1806-1873) is teleological theory and a widely used form of consequentialism. The goal of the moral life in this theory is to maximize happiness or utility, so actions are right to the extent that they bring this about. An actor should act to promote the maximum net expectable utility for all those affected by that action. A top down rational approach to planning could be considered as a teleogical approach to urban planning.


In the analysis of a decision, a framework using the following key elements ought to be used: identify the moral issues, consider intuitive or instinctual response, evaluate the issues from the point of the normative principals and the ethical theories, determine if the principles and theories would point to one course of action and, if not, consider which principles or theory should take precedence, reach a normative conclusion about the case, and determine its public policy implications (Spinello, 1995).  This framework could be supported with an interactive database as part of a Decision Support System.


The literature reveals many of the ethical challenges that face the developers of information technology and, consequently, the developers of Online Public Decision Support Systems. Some of these ethical challenges facing the developers of information technology are privacy, ownership, censorship, copyright, and the phenomenon of “vaporware.”


Computer databases and data storage devices facilitate the collection, manipulation, retrieval, and dissemination of information. These devices make it possible for the information collected to be packaged and sold, treated as a commodity. From this capability emerge several ethical issues dealing with privacy, ownership of information, data security, and so on. Companies in the private sector routinely collect data about their customers and use the data for secondary purposes such as market research or as a saleable to other companies for direct mail, marketing, and so on.  This raises a number of ethical questions surrounding the issue of how to reconcile the right to personal privacy with new technological capabilities of capturing personal data using such software agents as “cookies.” The developers of an Online Public Decision Support Systems ought to examine the questionable ethics of selling the information gathered by an OPDSS to offset the costs of operations.


The challenges of maintaining security in networks provoke the following ethical considerations: Where is the locus of responsibility for security in a networked environment and who is liable if there is a security breach? How does one balance the need for security and confidentiality with the First Amendment of the American Constitution and North America’s commitment to free communications and protection of civil liberties? (Spinello, 1995) Will online conferencing software need to include mechanisms for surveillance and control, and will the system require a benevolent despot approach to systems management?  Where does freedom of speech end and editing of scatological and pornographic cyber-graffiti within the dialogue of the Online Public Decision Support System begin? It is self-evident that a plethora of ethical issues surround the content of information technology. 

The development of the software programming necessary for the delivery of an Online Public Decision Support System triggers ethical considerations concerning intellectual property rights, copying other software concepts without paying for it, or reverse engineering software to create new products with the “look and feel” of a competitor’s interface (Spinello, 1995). The most common example of this is the use of the “Windows” Graphic User Interface in many software systems.  


The uses of expert system technology for decision support systems have serious ethical implications. Specifically who owns the knowledge and expertise that is incorporated into the expert systems program? Who gets the profits from the information and who has the liability if an expert system malfunctions or gives bad advice? Whom should the burden of liability fall upon in the event of a failure: the programmer, the expert, the knowledge engineer, or the end user? (Spinello, 1995)


Recent (and past) scandals involving lack of ethical standard within the private sector (notably accounting and business practices) and governments (political fundraising, electioneering, and issues of “National Security”) at federal, state, and local levels give well-founded fear of  “big brother” misusing information. Ethically insolvent business or government entities can abuse privacy, misuse the data, or have their data storage facilities compromised by computer hackers. This can result in actors having their identities or financial information stolen as data flows freely between the computer systems. Actors may have concerns about the ethics of political entities that may have control of the Online Public Decision Support System through command, control, and editing functions of software within that political realm of influence. The year 2002 has seen trusted institution after trusted institution come under attack for lack of ethical conduct, giving actors within this society a legitimate concern about “who watches the watchers?”


An example of one of many ethical tribulations in the private sector is the promotion of  “vaporware.”  Vaporware has been the widespread promoting and selling of software products before they are ready for the marketplace. These products lack adequate testing and preparation, including insufficient infrastructure for supporting the product, customer support personal, telephone support, and so on.  Vaporware in all of its guises must be considered a form of deception as it can disrupt the normal functions of a business organization and erode trust, which is the basis for all individual and business transactions (Spinello, 1995). For an Online Public Decision Support System not to be considered vaporware, it must be extensively field tested and debugged before it is widely promoted or distributed. 


The literature has revealed a number of ethical concerns for Information Technology and consequently the development of Online Public Decision Support Systems. It is important that ethics are an integrated part of the design and operation of persuasive technology such as OPDSS because ethical choices lead to higher quality decisions. Modern ethical theory can be divided into two broad categories: deontological and teleological, schools of thought through which one ought to examine decisions. Some of the major ethical issues that fall within the provinces of the OPDSS are privacy, ownership, data security, censorship, copyright, and vaporware. These issues relate to research question three, important issues related to the use of computer technology in urban planning.

A fifth major theme in the literature is the importance of data and information in the new economy and the information age. Data, information, and knowledge are highly desirable and saleable commodities in the information age.  Therefore acquiring, storing, managing, and mining data will become increasingly important (Madon, 1994). For that reason, effective knowledge management will often differentiate successful enterprises from those that are apt to  fail. Important Information Technology areas such as data warehousing, mining, knowledge acquisition, engineering, and management will be the cornerstones of industry in the future. Many organizations involved in decision-making for urban planning are unprepared to use data and knowledge currently within their own organization (National Telecommunications and Information Administration, 1999). Should information and knowledge stored within an Online Public Decision Support System be perceived as out of date or inaccurate, the credibility of the system will be compromised and users will quickly migrate to more reliable and credible websites.


Two significant concerns that relate to data and knowledge are mentioned in the literature. A host of barriers and problems associated with the automation of the technology transfer processes have been mentioned in the literature. First, there are substantial technological issues such as legacy systems, reliance on manual processes, lack of appropriate technologies, the need for bandwidth, and the lack of suffiently well-versed designers, technicians, and mature systems within the realm of urban decision-making (Hatten and Rosenthal, 2001).



Second, there are powerful human resource issues that must be overcome, such as training of the workforce, the small number early adopters of technology, and, consequently, a lack of technologically competent computer operators. In addition, there are a number of  philosophical conflicts among actors dealing with both of these issues (Hatten and Rosenthal, 2001).


A sixth theme that emerged from the literature review is leveraging the technology. Information Technology leaders in the early adopter industries quickly and painfully learned of the need to make a sound business and rational technology case that stresses the potential for the adoption of new technology through maximizing and leveraging the attributes and elements of technology (Hatten and Rosenthal, 2001). 


Technology can be leveraged in many ways, some of which include (a) using networked systems, Intranets, and Internet to increase efficiency;  (b) adopting common platforms and applications standards; (c) combining data warehousing and intelligent systems for reductions in the incidence and severity of errors;  (d) accessing enterprise wide data sources for improvements in quality/quantity of products ands services, as well as added value through improved efficiencies and mining of data and information; (e) using systems that allow for decision support through modeling and simulations; (f) deploying enterprise-wide communications systems that enable education training and continuing education (Nardi and O Day, 1999);  and (g) developing relationships between and among actors within urban planning milieu. 


In summary, the six information technology-related issues from the literature that have been highlighted in this review portray a diverse array of intense forces acting upon Information Technology and subsequently the development of OPDSS. The six issues apply to decisions for entities ranging from villages and townships that are at the low end of users of information technology and less driven to move away from manual processes to heavy users, counties, metropolitan areas, and regional councils of government with highly complex information technology needs. Although there is substantial evidence that enormous changes are coming in the future, little is known about the current attitudes, perceptions, and Information Technology use patterns of the decision-makers in the urban decision-making milieu. Some of the characteristics and issues will be presented in the section that follows.

Barriers to Information Technology


Few sources have fully explored the ties between information technology and urban decision-making.  However, some authorities have identified important communications among, and collaborative efforts by, decision-makers across the process of urban planning. Much of the work that is being done in the information technology-related areas that are most attractive to the urban planning milieu fit nicely with urban planning theories and objectives. 


First, putting easy-to-use technology into the hands of end users creates a collaborative learning/decision-making space, which facilitates over time the problem solving processes of urban decisions. In addition, the emergence of client-server technologies and distributed systems architecture have extended the boundaries of the urban planning process and greatly expanded the scope of the service area from local to regional. However, as the size and complexity of the applications increase, so does the amount of bandwidth needed for the exchange of information over Plain Old Telephone Systems (POTS). Bandwidth is the space available for information transfer and is a measure of the total capacity of the transmission medium and will therefore be a function of the number of connections that can be made through the medium or channels and the speed at which data can be transferred through each. Large files like GIFF, TIFF, and GIS require a large amount of bandwidth, which may not be available now over POTS. Transmission of high bandwidth applications may require Value Added Services from the telecommunications provider like T1 data service. A T1 circuit is equal to 24 channels of POTS service bandwidth and requires dedicated conditioned connections (Wenig and Pardoe, 1996).   


Second, many information technology developments, and the Internet in particular, made it possible for individuals to have the best information possible twenty-four hours a day, seven days a week, from anywhere in the world. The capacity for instant access has been very empowering to end-users, especially in the use of 7/24 online banking. Modern communications technology from fiber optics to wireless applications has provided multiple forms of flexible and inexpensive communications options. A variety of IT systems and applications advancements have made it possible to tailor the programs and services that are matched specifically to the unique needs and preferences of the user. Planning professionals are beginning to realize the potential value of, potential for, and impact of data information and knowledge theory for improving the effectiveness and efficiency of services they can provide. However, the IT system may not succeed, wherein the costs of research and development,  prototypes and/or  deploying the technology are so high that the economic benefit falls below the return on investment. The organization cannot shift the customized IT system to other uses because of its specificity. The potential of sunk and unrecoverable costs will be a barrier to development.


Urban planning and urban management are based on a generic problem-solving process or rational planning scheme that begins with problem definition and description, involves various forms of analysis that may include simulation and modeling, moves to prediction and thence to prescription or design, which often involves the evaluation of alternative solutions to the problem. Decision characterizes every stage of this process, while the procedure of implementation of the plan or policy involves this sequence once again. The process takes place across many scales and is clearly iterative or cyclic in form (Batty and Densham, 1996). As the process is enacted, it can be mapped and analyzed and portions modeled. Some sections of the process can be automated through the use of Information Technology; however, much of this will require many costly man-hours to achieve and the availability of highly trained technical people to do the work.

Challenges of Urban Planning and Information Technology


The common thread connecting the disparate areas of Urban Planning and Information Technology is the routine management and analysis of information. To accomplish this task, data must be gathered, rendered into a useful form, and communicated to the other actors in the urban planning process. In order to understand the context in which Information Technology affects the urban planning process, it is necessary to understand how changes of Information Technology have affected the Urban Planning in general.


The mandate of urban planning is to make a city healthier, bigger, and nicer, while safeguarding and showing to advantage the city’s heritage, according to Cohen (2001).  In general, urban planning refers to the act of producing a vision of a regional society to create, develop, or improve a city. Depending on a number of factors, a city changes in size, nature, and appearance over the years. Henderson (1997) is convinced that no single definition can possibly cover the breadth of information and practice that makes up contemporary planning. Henderson describes urban planning as a process that uses a variety of tools (zoning, transportation planning, environmental policy, housing programs, etc.) to achieve envisioned and desired goals within the natural and built environments. 


Nedovic (1999) describes Urban Planning as a process that comes about through a public discourse between groups and individuals interested in and/or affected by urban development and management activities. Urban Planning’s scope includes urban growth; unemployment and economic revitalization; transportation; environmental protection; neighborhood redevelopment; historic preservation; provision of open spaces, parks, and recreational facilities; and conservation of land and natural resources. Planning-related decisions are made daily through a complex, often politically-charged process involving a plurality of interests. These issues address research question three issues related to computer technology in urban planning.


According to Laurini (1998), most urban planning activities have the four following qualities in common. First, decisions made in the planning process are generally made to affect a future condition in the environment and thus are future-oriented. Second, planning is concerned with defining and evaluating alternative solutions to problems. This practice is based on the premise that it is difficult to argue that a chosen strategy is the right one to pursue if alternatives have not been defined for comparison and evaluation. Third, planning is political and every public planning decision takes place in a political context. Finally, planning has an ethical responsibility to represent the needs of minorities, the disabled, and the poor. Issues relating to the definition and nature of planning have been covered fully by Kaiser et al. (1995) in Urban Land Use Planning. 

In reviewing recent online popular planning periodicals and journals, the researcher found many articles that evidenced a concern with information technologies in the fields of communications, computing, and information management. Reviewing these websites also revealed that a vast majority of the literature deals with the physical tools of information management - the hardware and software - rather than broaching the subject of the overall implications of information technology to planning theory and practice. Although not an exhaustive study, the following attempts to illuminate some of these issues.

Links between Planning and Technology


The literature reveals strong links between technology and the planning profession. The chain of events in which these links are involved are that technology affects society, and society creates demands on cities. The planning profession follows a parallel growth pattern to that of technology, and is in many ways linked to the advance of technology through its widespread use in society. The modern profession of urban planning begins in the industrial revolution as a type of  management of the urban space and has grown into a profession of land and population administration. With the goal of improving overall quality of life, facets of the planning profession have embraced principles of sustainable development, community economic development, and environmental management. At the same time, the influence of technology on the tasks of the planning profession has been considerable, as have the products of technology on the planning toolbox. 


Modern urban planning is, in part, a reaction to the excesses of industrial revolution. Planning (as a profession) owes its origins in part to the work of social reformers of Victorian England. The industrial revolution brought many changes to the urban environment, greatly increasing and concentrating population, creating an industrial core to the city and a transportation system to support the industrial economy. The profession of planning emerged in reaction to these changes, and this obviously raises questions about how the planning profession will react to the information revolution (Shiode, 1999).


When the main means of production changed from craftwork performed in rural cottages to factories centered in the city core, it caused enormous physical and social changes to the city. Production relied on a large and stable workforce living close to the means of production, the factory. Communities were built without the social infrastructure and sanitary facilities needed to serve the throng of workers emigrating from the countryside. The industrial city developed tribulations of transportation, pollution, and the ghettoization of the poor. Many plans in the post Industrial Revolution age reflect upon the significant deterioration of the living environment of the 19th century city  (Shiode, 1999).


As a reaction to the state of the city, social activists worked toward cleaning up both the physical and moral state of city slums. It was the work of these groups that pressured municipal governments to be at least partly responsible for the development of planning, thus giving rise to the modern planning profession and the development of various plans: “Company Cities,” Burnham’s “City Beautiful Movement,” Howard’s “Garden Cities,” and Gardnier’s “Industrial Cities” (Shiode, 1999).


The roots of American city planning grew from an array of reform efforts of the late nineteenth century, including the Parks movement, the City Beautiful movement, the Progressive movement for government, reform campaigns for housing regulations, and efforts to improve public health through the provision of sanitary sewers and clean water supplies (Ellis, 01). The goal of these reforms was to prevent shabby, deficient developments that produce problems for both the residents of the developments and the city as a whole.


Concurrent with the advent of the planning profession, technological innovations poured forth, with profound impacts on urban forms. Rail transportation systems expanded the radius of urban settlements, beginning with horse-cars in the 1830s, cable cars in the 1870s, and electric trolleys in the 1880s. The automobile allowed the bourgeois class to move away from the city core, allowing sub-urbanization to take place (Ellis, 2001).


At the turn of the 20th century, electricity, the telegraph, and the telephone allowed formerly concentrated urban activities to disperse across a wider field. As the bourgeois class emigrated to the suburbs, the residential conditions of the workers at the core of the city improved through the establishment of sanitary laws, zoning ordinances, and building codes. From these roots, one facet of the urban planning profession has grown to establish itself as the practice of city planning (Knox, 1994).


The evolution of the city caused by industrialization resulted not only in changes to the layout and function of the city core, but to the ideological guidelines of planning. The conditions of overcrowding necessitated expansion of the city to facilitate proper housing (including water and sanitation), and this in turn necessitated an expansion of transportation. This expanded the scope of planning (Knox, 1994).


The bourgeois class commuted to the city center to work; the polluted city center was left for industry and the poor. The industrial separation of workplace and home was solidified over great distances. In planning terms, this heralded the beginning of a love/hate relationship between the city and its suburbs. 


Following the World Wars, the U.S. Federal government increased its intervention in urban planning and development through grants and programs. Thus civil servants became interested in housing issues, economic issues, and social issues of urban areas. The mandate of planners expanded with the growth of the city and the growth of the government (Shiode, 1999).
By the 1960s, motorization and commercialization prevailed in large cities, leaving a hollow structure in the center, which in turn encouraged the deterioration of the public environment. This is most evident in the city of Detroit, Michigan. Municipal tax systems from an earlier era continued, with heavy taxation of city centers driving businesses to suburban areas.  High taxes along with poor transportation routes drove urban factories out of the inner city and into the new suburban industrial parks. The residential areas immediately outside the city center became new slums as they were abandoned in favor of new developments in the suburbs (Knox, 1994). Thus, the literature has revealed a parallel growth of the city, planning, and technology, not all of which has been good.


Planning has evolved into a profession with an increasingly broad scope. At the turn of the 21st century, the city is a mix of industrial and transportation influences of the previous century. Remnants of social and government programs and issues of the period can still be seen in urban areas. Technological advances, which both enable and contribute to the changing cityscape, have evolved faster than the city can adopt them or adapt to them, as evidenced by abandoned skyscrapers, cobbled streets appearing through cracks in the concrete, and scars of streetcar tracks embedded in roadbeds.


Fundamental reorganization of political powers, the development of information, and transportation networks encouraged growth of a strong diversity of culture, ethnic groups, and individual life styles. Planners have tried to improve conditions by practicing rational planning schemes. This approach was successful to a certain degree until recent “conurbation” of the entire world by the development of information network and other societal factors. Cities have grown to contain too diverse a culture for top-down rational planning. They are also changing rapidly, and plans are usually outdated by the time they are practiced (Hirayama, 1997). A new bottom up, inclusive approach to planning based in tighter periods and real time monitoring of potential problems may be in the future.


To deal with a changing society, new approaches are needed for planning. A traditional and theoretical approach that has never met with widespread success is the “designer city” or “model city.” 


The city form has evolved through many stages, but people have always envisioned ideal cities, better places for the future. Utopian societies and cities have developed in the fertile imagination of actors since the dawn of time. Plato’s Republic was an ideal city, and architects like Le Corbusier, Frank Lloyd Wright, Paolo Soleri, and dozens of others have designed ideal cities on paper. These cities have never been realized, but the theories and designs have influenced the layout of many new towns and urban redevelopments (Ellis, 2001). Planners such as Ebenezer Howard, Patrick Geddes, Lewis Mumford, and Daniel Burnham have all envisioned city plans as a remedy for the ills of an industrial city through the development of a new form of city. Planners and architects have generated a complex array of urban patterns from which to draw ideas and inspirations. However, most city planners do not work on a blank canvas; they can only make incremental changes to an urban scene already shaped by complicated historical process (Ellis, 2001). Current efforts toward model cities such as Seaside Florida or designer brand name cities such as Disney’s Celebration in Florida have yet to meet the test of time.


Where rational planning schemes and model cities have not been entirely successful, Information Technology is driving a new suite of tools and techniques to help manage the issues of growth management and infrastructure planning. The mass production of computer technology resulted in widespread deployment of the personal computer and the linking thereof. This may be seen as a critical point in the evolution of our modern society. 


Over the past 30 years, the integration of Information Technology into society and economics has proven to compound planning problems. Information Technology has allowed business to grow on a global scale. The city is now not just an entity in a federal state, but has become part of an economic region within a global framework. The most important change facing the planner today is the speed at which global and local change takes place. It is not enough for decision-makers in the urban planning process to plan effectively for the future needs of the city; it is also necessary to understand change in a global context, thinking globally and planning locally. Air quality, water pollution, and solid waste disposal are globally critical issues as we are all downstream of some entity’s waste (Knox, 1994). The widespread use of Information Technology has affected the urban planning actor’s tasks and available knowledge base. The Internet has opened meta-encyclopedic resources available twenty-four hours a day, seven days a week. 


As previously mentioned, in the past planning and actors in the planning process have worked with paper-based data systems, bureaucratic approval procedures, labor-intensive clerical processes, batch processing of information, cycles of planning and multi-layered decision processes. These low tech processes are being replaced by data capture methods, integrated transaction process, electronic data interchange, real time systems, online decision support, document management systems, and expert systems, via high technology transfer (Gordon and Milakovich, 1998).  


 Planning in reaction to the availability of these new information technologies has been slow to accept or embrace all but a few of the most basic office automation technologies to supplement the paper-based knowledge system of the past century. This is due in part to the high cost of transferring historic, paper-based documents to the electronic format. In addition, a greater knowledge base is necessary to understand the global/regional interests of such topics as the environment and is available through Information Technology. In an age where any business planning projections that exceed three years are considered absolute fiction and a five-year-old personal computer is technologically obsolete, the credibility of 20-year comprehensive master plans for communities is at least suspect. At local, regional, and national levels, those involved in the urban planning process must take into account the social, economic, historical, and ecological concerns conveying these issues to the public as part of the urban planning process.


Planners and those involved in the urban planning process have been and are dependent upon information in order to make decisions affecting communities. Traditionally, planners rely on two primary research sources: professional and government publications. The scope of planning has grown beyond the scope of these publications. The planner must find new and innovative answers to the problems of today, and this requires new and innovative input from various sources, crossing a variety of disciplines. The planner may be required to use the Internet for research and communications, going beyond the traditional resources to find information sources that speak to the problem at hand. Information Technology is integral to the work of planners in the areas of real time data capture, communications, and knowledge transfer.  Besides all the changes caused by IT deployment, planners are simultaneously faced with several social physical and technological problems. These include suburbanization, globalization, sustainability, global warming, environmental pollution, and mixed culture (Harris, 1997).


It seems that urban planning has reached another turning point (Harris, 1997). The planning paradigm cannot stand on the particular nature of distinctive utilitarianism or pure capitalism (which has never addressed issues of “the tragedy of the commons”) anymore. A new planning concept is being requested: a paradigm that corresponds to the newly formed technologically literate urban society and its spatial order.


Issues dealing with computers are important to the questions surrounding Online Public Decision Support Systems. Computing devices have been used in public planning for 100 years. At the turn of the 20th century, Herman Hollerith invented the punch card machine, precursor of the computer for the U.S. Population Census. Hollerith’s efforts to tabulate data for government planning evolved into the computing company International Business Machines (IBM) (Batty and Densham, 1996), and the U.S. Census data publication has evolved as one of the basic tools of urban planning.


With the development of the digital computer in the early 1950s, computer applications in urban planning and management became widespread. Planners started to develop and use computerized models, planning information systems; and decision support systems to improve performance (Klosterman, 1990a). By the mid 1950s, population and transportation data were commonly processed by large mainframe computers and used for various simulation modeling efforts. By the late 1960s, urban data management systems were being widely implemented by public agencies for a variety of routine and less routine management and strategic planning functions (Batty and  Densham, 1996). 


Batty and Densham (1996) describes how the use of computers for large scale modeling and analysis in the 1960s gave way to more pragmatic uses of computers such as the automation of routine office work like word processing. In the 1970s, mainframe computers were used for demographics, statistical analysis, and economic modeling. The late 1970s and early 1980s saw a change in the centralized top-down approach of planning, based on a central mainframe large-scale database computing with the wide scale adaptation of the networked personal computer. Once the microprocessor was invented in the mid 1980s, the path to miniaturization and personalization was set. As the cost of computer memory fell dramatically, more and more applications involved graphical computing.  


The top-down approach to planning based on remote, large scale, large database computing has been replaced by a much more personal computing style in which graphical display of urban data now provides focus. This development sparked the creation of applications involving graphical computing. Graphic User Interfaces (GUI) ease human interface through “Windows,” which drove the design of the software and applications like Geographic Information Systems.  Microsoft pushed this technology for market advantage, and PC-based computing advanced much more rapidly because windows technology standardized so much of the PC’s operating system infrastructure (Dayton, 1997). These Windows-driven programs for personal computers were quickly adapted to computer applications used in the process of planning.


In the early 90s, the emphasis of software development shifted from GUI to graphic display, the representation of spatial data, and its manipulation, in a straightforward way. Up until the mid 1990s, there was little emphasis in software development on formal analysis, simulation and modeling and hardly any development of design and decision-making aids in terms of planning and problem solving processes (Batty and Densham, 1996). The 1990s saw the diffusion of government information at all levels through the Internet. The use of the Internet greatly enhanced the ability of citizens to interact with government, making the bottom-up style of planning a noticeable consequence of the evolution of computer technology.


The way computers display information is now, for the most part, a graphic display representing spatial data, and its manipulation is clear-cut. In terms of planning and problem-solving processes, there has been very little emphasis on formal analysis, simulation and analysis, and hardly any at all on design and decision-making aids (Batty, 1996). The literature reveals a movement toward the convergence of such technologies as DSS, GIS, and GPS to address these issues.


 This convergence of such technologies has led to a serious change in the way computers are now used in planning, Geographic Information Systems (GIS) being the obvious application. Spatial technologies, to which geographic information and GIS are central, involve any kind of software that describes data within an explicit spatial or geographical dimension. Mapping software is not explicitly spatial, for frequently data is not geo-referenced in a form that can be manipulated. The conventional definition of spatial technologies are those technologies that have integrated with explicit functions for storing, manipulating, and displaying spatial data where the spatial dimension is the key to each function (Batty, 1996).


Adoption of Geographic Information Systems is a recent manifestation of the effort to incorporate new tools and technologies into the planning process. In a broad sense, GIS helps the user make decisions that are more informed. The planner’s interest in GIS derives from the spatial nature of urban phenomena and from the inter-disciplinary nature of urban planning. Actors involved in the planning processes can apply Global Positioning Systems (GPS) and geographic information technologies in all aspects of the planning process, including data collection and storage, data analysis and presentation, plan and/or policy-making, communications with the public and decision makers, and plan and/or policy implementation and administration (Nedovic, 1999).


GIS and related spatial technologies have been expanded to include 2-D maps and 3-D surfaces, scatter plots, and dynamically linked or “hot” windows in the system, each accessible through a hierarchy of menu items (Batty and Xie, 1994). The development of specialized applications in data and specialist niche markets are based upon computer services dominated by smaller, finer scale applications at the level of urban design. These applications increasingly use remote sensors for data capture and generation. Using wide area networks, actors are developing informal decision-making processes using computers interactively (Batty, 1996).


The use of Internet, GIS, and DSS will change the nature of the planning process. At the turn of this century, the planning profession may not require greater analytical skills or more efficient information management techniques but may be required to develop greater “people skills” to guide planning processes. With the development of DSS, artificial intelligence, and expert systems to analyze the mundane calculation of demographics, economics, and the like, planners may have to provide leadership through negotiation, conflict resolution, strategic planning, and consensus building through communications, motivation, and empowerment through the use of Information Technology. There is a growing body of literature that addresses leadership, ethics, and strategic planning (Bryson, 1995; Galpin, 1997) which are germane to the future skill set of the urban planner and therefore the content and format of an Online Public Decision Support Systems.  


In summary, the literature tells us there is a credible amount of evidence about the match between capabilities of IT and the goals of urban decision planners. However, because the integration of Information Technology into planning is in infancy, a great deal of future success will be determined by how well the attitudes, perceptions, and habits of decision-makers in the urban planning process are understood. These issues relate to research questions three and six dealing with expectations of an OPDSS and issues relating to technology. The literature on surveys and assessments of IT and decision-making will be reviewed in the next section. 

Computer User Surveys


The use of written assessment tools to survey individuals is a well-established and widely accepted methodology within the research community. There is a substantial volume of literature about acceptable protocols, procedures and examples of survey methods for determining the attitudes, perceptions, behaviors, and habits of individuals as well as organizations. Self-report surveys are popular research tools due to their relative ease of design and administration, generally high levels of acceptance by target audiences, flexibility, and low cost. The limitations as well as the validity of self-reported surveys have been established through a variety of qualitative and quantitative techniques including direct observation, focus groups, and case studies. This has been covered comprehensively by Bogen (1996) in an extensive review of literature for the U.S. Census.


Numerous types of surveys address a wide range of issues and assess the attitudes, perceptions, habits, and behaviors of a variety of populations in urban decision-making. A very few surveys focusing on computers and Information Technology in urban planning were in the literature. This review will be confined to the studies that are relevant to urban planning in Michigan and focused on the computer-related attitudes, perceptions, habits, and behaviors of the decision-makers in the urban planning environment.


Within the last decade, people who had never used computers have become digitally literate.  Digital literacy is the ability to understand and use information in multiple formats from a wide range of sources when it is presented via computers (Glister, 1997). The World Wide Web has evolved a new geography of information, with 50 percent of U.S. households nationwide now using the Internet daily for E-mail and web page access.

The Michigan Local Government and Community Building Initiatives Report (Terwilliger, 1999) reveals that Michigan’s local units of government have been slow to adapt to or adopt the emerging technology of the Internet. Leadership in community sites is coming from commercial and community networking projects, not from local government. While almost a quarter of Michigan’s 83 counties have websites listed with government associations and Internet search engines, the numbers fall drastically among cities (4.2%) and townships (3%) (Terwilliger, 1999).


Some areas such as Kent County (http://www.co.kent.mi.us) are working to establish geographic information systems that display a range of public information by address. Many of these web pages are hyper-linked to more specific information about the department’s responsibilities and services. Many of the websites provide a method of sending an e-mail to a government official through a hyper-linked e-mail address. However, most local government websites are informational, static web pages that tell about the local government and its services. Among Michigan units of government, websites “doing business” by supporting interactive capabilities are not a common feature at this point in time. Using the Internet website as an access point to government documents is not widespread. Information about technology plans, policies, and access to publications by local government are not generally provided.  There does not appear to be coordinated efforts, resource sharing, and webmaster team building taking place across the local government continuum with shared geographic areas (Terwilliger, 1999).


Most local government websites in Michigan are providing basic information to undefined audiences. Nearly 30% of evaluated websites provide statements by senior officials that welcome visitors to the site and ask them to visit the community. The indication is that the site is designed for tourism promotion, educating outsiders about the community, rather than as an information center for the constituents. Less than 45% of the websites indicate when the pages were created, which brings into question the reliability and timeliness of the information. There is not a strong incentive on the part of local government to commit time and money to information technology development and maintenance. The perception seems to be that this is an additional burden on staff and an additional expense to under-funded local governments, understaffed to handle additional responsibilities and learned skills (Terwilliger, 1999).


Williams (2001) presented in Information Technology in Michigan: Findings from the 2001 Cyberstate Survey the following data about the state. People in Michigan are accessing the Internet in increasing numbers, with almost two-thirds of respondents (63 percent) reporting that they had used the Internet at some point in 2001. Wide variations in Internet use occur by region of Michigan, age, race, and level of education.  For example, 91 percent of those under 25 years of age reported ever having been online, compared to just 22 percent of those 65 years of age and older.


Only one in six respondents to the questionnaire have a high-speed Internet connection at home. Seventy-one percent of home computers connect to the Internet via telephone modems and POTS service.  Only two percent of home computers in Michigan connect to the Internet using an ISDN or DSL high-speed connection, and 14 percent of home computers connect using a cable modem, and missing data accounts for the remainder (Williams, 2001). 


E-mail is the most frequently used Internet service, with eighty-six percent of respondents reporting the use of the Internet for e-mail in the past month. This is an increase of 17 percent from the original 1998 survey. Commerce on the net thrives, with 35% of the respondents having made at least one purchase over the Internet in 2001. Overall, Michigan residents expressed a positive view of technology in our society.  More than two-thirds of respondents believe computers and the Internet bring people together and help children learn (Williams, 2001).


Within the realm of Internet governance, online voting is of interest to Michigan citizens.  A strong showing of respondents (44 percent) would prefer to vote online in the weeks preceding the elections, compared to one-third who prefer voting in a booth, and one-fifth who prefer voting by mail. Of those who would prefer to vote online, 45 percent said they would still support such a system, even if it meant higher taxes; however, a statistically equal share (41 percent) said they would not support online voting if taxes were increased to pay for the system (Williams, 2001).


Concerns about Internet privacy and security of information remain high. When asked why they had never purchased anything online, 40 percent of respondents said that they had security or privacy concerns. Furthermore, 78 percent reported that they were very to somewhat concerned that the information provided to computer-based services would not be kept confidential (Williams, 2001).


A second group of surveys was found in the literature prepared for U.S. Department of Commerce by the National Telecommunications and Information Administration called

A Nation Online: How Americans are expanding their Use of The Internet (2001).
 According to this survey, America’s use of Information Technology grew at a phenomenal rate in 2001, including the use of computers and the Internet both at home and in the workplace. Broadband connections through cable modems and digital subscriber lines (DSL) make higher speed connections increasingly available. At the time of the survey (September 2001), 56.6% of U.S. homes had a personal computer and seven of eight homes with a personal computer (88.1%) also subscribed to the Internet. As a result, more than half of U.S. households (50.5%) had Internet connections (NTIA, 2001). 


This survey revealed that employed persons are more likely to be both computer and Internet users. In 2001, 73.2% of the employed, aged 16 and over, were computer users, and 65.4% were Internet users. Adults (age 25 and above) with education beyond college were the most likely to be both computer and Internet users. According to the survey, 47.3% of Americans with a high school diploma use a computer, 84.6 of those with a bachelor’s degree use computers, and 86.9 % of those with an advanced degree use computers. Of persons aged 18-24,  71.3% use computers, as do 70.2% of those aged 25-49 (NTIA, 2001).


This survey concurs with the Williams Survey on Michigan (2001) that the predominant use of the Internet is e-mail, with this survey showing a 45.2% use rate. Searching for information is important, with 36.2% using the Internet to search for product and service information or health or government services, and 33.3% searching for news, weather, and sports information.
Activities of individuals online in 2001 as a percentage of Internet users was e-mail 84.0% of users; product/service information search,67.3% of users; product/service purchases 39.1% of users; health services or practices information search, 34.9% of users; government services search 30.9% of users.


The survey revealed that most individuals who use the Internet at home make that connection via a regular dial up telephone line (80.0%), with cable modems being the second most common way to connect (12.9%) followed by DSL (6.6%). The proportion of people using a computer at work was 80.5% for people in managerial and professional specialty occupations and 70.5% for those in technical, sales, or administrative support occupations (NTIA, 2001).
Computer activities at work as a percentage of employed persons age 25 and over are Internet e-mail, 41.7%; word-processing and desktop publishing, 38.8%; spreadsheets and databases, 35.9%; calendar scheduling, 30.4%; and graphics and design, 26.8% (NTIA, 2001).
This survey also revealed that a certain number of groups are not likely to be Internet users. These nonusers include people in households with low family incomes. Seventy-five percent of people who live in households where income is less than $15,000 and 66.6% of those in households with incomes between $15,00 and $35,00 fall in this category. These non-users include adults with low levels of overall education. Indeed, 60.2% of adults (25+) with only a high school degree and 87.2% of adults with less than a high school education fall in this category. Non-users include Hispanics; 68.4% of all Hispanics and 85.9% of Hispanic households where Spanish is the only language spoken fall in this category. Nonusers also included in this category are 60.2 percent of the Black population (NTIA, 2001). These statistics place this group into a category that the U.S. Commerce Department calls the Digital Divide, low income households that were 20 times less likely than middle and upper class to have Internet access (Trend, 2001). This has a serious implication on the development of Online Public Decision Support Systems, as a significant segment of the population could be underrepresented in digital discourse. This section has addressed research question five dealing with demographic variables.

In summary, the basic issues about the use of computers and the integration of Information Technology into urban planning have been identified through studies that feature computer user surveys. The bulk of the data has focused on consumers and the general workforce (Terwilliger, 1999; Williams, 2001;  NTIA, 2001). While the studies cited have been helpful to understanding some of the research issues that the actors involved in the urban planning process must address to prepare for future needs, a great deal of research is needed to build a more complete and comprehensive understanding of the design attributes of Online Public Decision Support Systems. A number of issues affecting supply have been identified in the literature, including territory paradigm shifts, information management, networks, and architecture of systems.  The particular methodologies for the conduct of this study will be addressed in the next section, which highlights issues that push technology on society.   
Issues of Power, Territory, and Political Geography


In the urban planning process, decisions have consequences on territory. The control of territory is the basis for the sovereignty, regulatory authority, and decision-making. To effectively control territory, actors have to address issues such as ethics, partisanship, and the common good. These issues are an inseparable part of the decision-making process and important considerations in developing or committing to a plan of action.  


 A partisan, as defined by the Oxford dictionary as “adherent of a party or side or cause, especially one who prefers its interests to truth or justice.” Moreover, partisanship is the process of acting in a partisan manner for your group, side, or cause. The nature of partisanship is that each party defends its own interests. However, a partisan group will cooperate with other groups in getting a scarce resource, only as long as it thinks it is getting more than it would get by acting alone. This cooperation between parties can help achieve common goals.  However, the parties also appeal to something that the parties have in common, the common good or what is just and right for the majority (Mansfield, 2001).


The developer of Online Public Decision Support Systems should perhaps take a position similar to that of Alexis de Tocqueville (1805 –59), who demonstrated his great admiration of American small town government in Democracy in America (1830). De Tocqueville maintained that he undertook to see not differently but further than the parties or partisans. It is perhaps the charge of urban planners and the developer of Online Public Decision Support Systems to be impartial to partisan politics or to be a partisan for the common good (Mansfield, 2001). When long-term goals for the common good are determined, the strategies to achieve those goals may be difficult to agree upon. This can be especially true in goals that span decades and are affected by cycles of political elections and deep economic cycles, making the achievement of the goal increasingly complex. As one cannot control the process, one can carefully watch it and reinforce or nudge it forward  when it moves toward the desired goals. Axelrod and Cohen (2000) see goal selection as a key to harnessing complexity in decision-making because it allows one to decide what is more “fit” in the system, and so what should survive for the common good. 


The common good is the sometimes difficult-to-define collective benefit that accrues to all because of a certain course of action. The common good or public interest can be particularly difficult to determine, because the overall consequences of combined individual actions may not be apparent until the problems become overwhelming. Laws determining the common good are constantly changing to effect corrections to problems as they manifest themselves.


Most partisans, even those with the most indefensibly narrow view, believe in justice. Although a partisan has only a partial view, that actor does have at least that much. The actor is not very wrong and in a  partisan sense means well. Partisan groups may argue; however, one cannot have an argument unless one shares a concern for some common good. The possibilities of natural justice are what make politics interesting. Without that, politics is only winners and losers, a recipe for continued conflict (Mansfield, 2001).


Partisanship is based on the notion that one can choose how to live and that one must reflect on what one must concede to necessity, despite one’s wishes (Mansfield, 2001). Compromise and community are good survival strategies and one of the bases of creating a civilized culture. 


In Discourses on Livy, Machiavelli pays no attention to the opinions expressed by partisans but instead turns to their underlying motives. The motives Machiavelli found were two opposed aims: the aim of the few is the desire to command and dominate (the Princes); and the aim of the multitude is the desire not to be dominated. There is no dispute as to who should rule, but only a conflict or tension between those who want to rule and those who do not wish to be ruled. Neither side understands this nor can be brought about to understand the other (Mansfield, 2001). Dominant actors use a suite of tools by which they can dominate actors. These tools include rhetorical language, diplomatic knowledge, civic knowledge, partisan knowledge, or knowledge of the craft of politics, which will be referred to here as crafted knowledge. Crafted knowledge is the ability of the dominant actors to act quickly, effectively, and prudently, within an ever-changing context, for their own partisan reasons, with the appearances of working toward the common good. As crafted knowledge is partisan in nature, to achieve the common good, it must be recognized and put to work for the common good.


 Through the use of online tools like the OPDSS, society will have more freedom, flexibility, and opportunities to decide how they would like to be governed. The underlying truth will become self-evident: that it is not the dominant actors who govern actors, but it is the actors who let the dominant actors govern them. For the purposes of this paper, those Machiavelli identified as the “Princes” will be known as “Dominant Actors,” and those who do not wished to be ruled as “Actors.” 


In addition, one must consider a third set of actors in the urban planning process that is the role of experts. The Oxford dictionary defines an expert as someone who is practiced and skillful. An expert is an actor who has much instruction, wisdom, and capability in a special field of knowledge, able to be relied upon to give the correct answer.  Experts in the urban planning process tend to be adjunct problem-solving resource providers who may be staff working in urban planning agencies, in engineering services of political entities, computer programmers or as consultants in the urban planning process.


The danger perceived by actors about “Experts” who will be designing the Online Public Support System is that they are desirous of the power and locus of control that the OPDSS could offer. “Experts” who create software that may influence social policy will face resistance by actors for a number of reasons, which may include the following: science is regarded by some as motivated not by the desire to know, a scientific motive, but by a scientific desire for power. Social scientists have been perceived as too attached to the power and comfort of science to reject it (Mansfield, 2001). Experts use computers to draw maps, to execute simulations, to create documents or new computer programs, and so on, to support decision-makers who are dominant actors. Dominant actors tend to be elected or appointed representatives who are the real decision makers regarding the future of  territory under their control, but often on the advice of expert staff or consultants. Actors regard this relationship with well-founded suspicion.


Dominant actors can be those who have the power to make final decisions; e.g. a mayor, “strong man on the city council,” township supervisor, and so on, but can also be private sector agencies that have an agenda to achieve. The controlled territory held by the dominant actor or agency is surrounded by a zone where they can exert some influence; beyond  this zone of partial influence is a zone outside any influence. The territory the dominant actor wants to control is in some part a zone under the sway of some other dominant actors or agencies. In other words, their actions will influence the dominant actor’s territory more or less. Theoretically, no territory is totally controllable and no territory is outside of any influence (Laurini, 2001). Where territories overlap, dominant actors must decide what to concede as a  necessity to maintain some semblance of control over their territory with a minimum of conflict. Conflict impedes control over the territory by externally scattering forces that could be better used as internal controls. To actors and experts in the realms of public administration, political science, or urban planning, it is pragmatic that they know where these zones of control and zones of influence exist. Through the use of the OPDSS,  territories and zones of influence could be mapped and used as part of the decision-making process.


Actors collectively include the citizenry, the representatives of urban groups (such as neighborhood associations or civic committees) and participants in the public consultation process (public inquiry). Actors are generally asked to give their opinions at the beginning of the planning process and participate in the public consultation and review process, but they are seldom directly involved in final decisions.  Over the past 30 years, public participation has been in the forefront of management and policy-making. A broad array of processes that emphasize face-to-face deliberation, problem-solving and consensus-building has joined traditional public hearings. Public participation is best understood as a challenge to the traditional management of government policy by experts in administrative positions. The managerial approach to decision-making must be reconciled with the transparency and participation demanded by a democratic system. Participation makes people aware of the linkages between public and private interests, helps actors develop a sense of justice, and is a critical part of the process of developing a sense of community (Laird, 1993).


Actors who actively participate in the urban planning process are wisdom keepers, receptacles of substantial amounts of valuable information that has, for the most part, gone untapped: vernacular knowledge. Actors, as part of the day-to-day experience of living within a territory, record in their memories the results of actions taken on their behalf by dominant actors. When confronted with a problem and asked to help determine the best solution, actors may produce common knowledge, functional knowledge, practical knowledge of the problem, and the solution state of the problem as feedback in vernacular terms. As society tends to value theoretical knowledge more highly than practical workman’s wisdom, it often ignores vernacular knowledge. History is rife with stories of disasters that could have been avoided had a little common sense or vernacular knowledge been applied.


A theme of recent literature examines the concept of an alternative political structure not based on territory. This idea envisions a relationship between states and groups where the reach of government power is not defined by geography, but instead by its links to social groups and institutions. 


Gordon Gottlieb (1993) provides a theoretical direction toward which institutions can work. This model suggests the development of new political relationships between peoples and governments where the concepts of citizenship and nationality are separate. Territorial borders would be redrawn in a more practical manner, as a single nation-state boundary no longer corresponds to the current reality of society. Where one territorial border exists, there could instead be a system of multi-layered boundaries, where a system of overlapping zones of influence reflect jurisdictions for various activities and groups, such as the use of natural resources, access to holy sites, ethnic communities, and so on (Gottlieb, 1993). Global communication networks can create communities of interest that cross international borders and increase the likelihood of global cooperation.


The Internet may make possible Gottieb’s concept of government power undefined by geography and McLuhan’s vision of the human race participating in an electronic “Global Village.”  These issues address research question three dealing with technology and urban planning.

Urban Management and Public Administration


The creation of new urban plans, the main role of urban planning, involves the development of long-term goals, objectives, and action plans as part of the strategic urban planning process. Urban management can be seen as the daily process in order to follow and monitor the plan’s tactical applications that are a subset of the strategic plan.


According to Galpin (1997), the difference between a strategy, a tactic, and a goal are not always obvious and can cause a lot of confusion. A strategy is a plan for achieving some sort of a goal, and individual actions to implement that strategy are tactics. The actors who decide goals and general plans for reaching them are strategists, and the actors who decide how best to implement those strategies in specific cases are tacticians.


As input, the planning system receives some strategic objectives for the future, and by means of information on the past and present of the city, a comprehensive plan for the future is designed. This comprehensive plan can be seen as the input of the monitoring system of the city.  The results of the execution of the operational plan are detected through the monitoring system, and tactical variations can be compared with references as given in the plan for the future.
Decision Support System software, such as CityWare, work as interactive, integrated model-based information and decision support systems for the urban environment. At the tactical and operational level, this software combines elements of air quality assessment and management system, water quality and water resources management, elements of technological risk analysis and environmental impact assessment, and special tools to support public access to environmental information through the Internet. CityWare (www.ess.co.at/docs/cityware.html) is designed to provide easy access to advanced tools, data analysis, design, and the evaluation of environmental policies. CityWare uses a suite of simulation and optimization models, an integrated data base management, a geographical information system, and expert systems functionality. It also uses Intranet/Internet support for easy access and public information. 


For a dominant actor like the elected official, urban planning reflects a mid-term or a long-term vision of the city, whereas the urban management system reflects the short-term results of that vision. One of the main difficulties in goal selection for urban planning is the disparity between the short length of an elected official’s mandate (for instance, five years) and the longer term of far-sighted actions (as much as 20 years). Due to the partisan nature of politicians, many do not wish to become involved in projects for which they will receive no credit, or for which the other party may later receive credit for their current good works. This time difference reveals the difficulty some elected officials have embracing long term planning.  Galpin (1997) points out that strategies that are good for the short term are often bad in the long term. Strategies that are good for the individual actor are often disastrous for a group of actors. This makes goal selection a critical part of developing long-term strategy. Urban planning assumes that goals are implemented and implies that daily management is done correctly; and if not, an objective of urban planning can be to correct this.


According to Huxhold (1991) the role of information technology systems in a government is as follows. Information that comes up from the processes helps cultivate management and is the basis for policy-making, whereas actions go down through policy to management, and finally are implemented within processes in support of decision-making activities. Information translates to actions by means of plans and programs.  Using this continuum, it is possible to understand the links between information technology, strategy, organization, action plans, and so on. Therefore, designing an OPDSS requires the analysis of the flow of process as well as the flow of information and the designing the database, integrating all organizational aspects surrounding the database with the processes. 

Actors can interact with information systems in many ways. An actor can perform many events, and several actors can act upon any event or action. The mental model that an actor has of the city contributes to the collective mental model that the actors have of the city. This image, by and large, is a specific vision of the city: past, present, and future. This collective mental model helps define the city, and each proceeding adds knowledge to this model in order to design a comprehensive information system. An information system must amalgamate those different mental models in order to be helpful (Laurini, 2001).


Failure to share a mental model or collective vision of the city or how things work is not uncommon. When actors do not share a common vision or the same goals, have different priorities, or possess different values, they lose any hope of predictability for their tactical decisions, and the other side looks irrational.  In these situations, both sides must find a mutually acceptable vision of how things work. One side imposes its picture or vision by force (economic, political, or military) or the parties quit the dialogue and go find people who have the “correct” vision or picture (Longstaff, 2002). Relationships between actors can be in cooperation or synergy, in conflict or in negotiation. Some actors are more important than others are, wielding power by virtue of wealth, political position, expert knowledge, ownership, and so on. 


In some cities, the owner of a major business or the president of a university can wield a lot of power regarding the evolution of a city. Faced with a number of problems, some actors can cooperate for a single problem but are in conflict for another problem. Politics and power make urban planning a complex system. Complex systems are complex because they have intricate interdependences among the parts and many variables operating at the same time. Complex systems are subject to eternal boiling; when new forces are constantly added to the system it can never settle down long enough to take advantage of new concepts it has learned. The actors in an eternal boiling system expend a lot of energy adjusting to change, leaving less energy for the actual exploiting of beneficial change (Longstaff, 2002). Cooperation and synergy calm a constantly boiling system and have been the hallmarks of progress and have value in solving urban problems. However, we must consider that some actors can be partially or temporarily in conflict.  The role of information systems in this process is to facilitate concessions, create bridges, and build consensus.

Data and Information


The issue of how data and information are compiled and displayed has been examined in the literature pertaining to the paradigm shift influencing the realm of information systems. The major shift in information systems is the migration from analog paper-based systems of information management to digital computer-based systems of information management. The move from books, charts, and maps to computer displays has precipitated a paradigm shift in the collection, analysis, management, and presentation of information.


Information is one of the most valuable commodities within our society. Organizations that can collect, analyze, synthesize, and evaluate information in a timely fashion are likely to have a competitive advantage over other organizations in how they solve problems. This competitive advantage can manifest itself in successful procurement of capital assistance for economic development initiatives such as public or private sector grants. The quality of a decision is no better than the quality of the information behind it. Data are the raw material from which information is gleaned, and cities collect volumes of data each day through the everyday activities of city management. Incoming information is difficult to organize, but once conformed  to the information system it is easier to model by using spreadsheets, administrative forms, diagrams, maps, and so on.  A critical bottleneck for cities is the input of a huge volume of incoming information in analog format. For an average city, thousands of objects must be described (parcels, persons, buildings, pipes, trees, etc.) leading to millions of pieces of data to manage (factual information, shape, positions, temporal evolution, etc.)  The standard for data input is alphanumeric data coming from administrative forms. Much of this data is collected in paper-based forms, which are time-consuming and expensive to process as well as hard to access both in time and location.  As society migrates from a paper-based analog information system to a digital IT based information system, organizations’ ability to collect, analyze, synthesize, and evaluate information takes a leap forward in speed and efficiency. Information Technology is the field in which this copious amount of data is transformed into information and useable knowledge accessible twenty-four hours a day, seven days a week (24/7) online. New digital storage media such as optical documentation allow for storage of images, maps, and photographs as well as auditory information. Any OPDSS must address issues surrounding storage formats and output. Therefore, a well-designed digital information system accessible 24/7 from virtually anyware is desirable for an efficient and effective Online Public Decision Support System for urban planning.  


Actors in the urban planning process are rarely interested in raw data; but are showing increasing interest in computer tools such as relational databases through client server architectures or tools such as Decision Support Systems, Groupware, Executive Information Systems, and Expert Systems (Turban and Aronson, 1998).


The real world is difficult to represent and catalog. Various actors in the planning process often need data about a particular item portrayed in multiple styles of representation, such as prose, graphs, maps, or even 3D models, to fulfill their needs. Actors dealing with cadastre information may require two representations of the same property: the legal description given in historic land titles and a cartesian description as prepared by licensed surveyors. Another problem is data represented by a line, point, or area on a map may have various generalizations attached to it; due to multi-scaling the same line may be cataloged with several levels of detail. A line representing a highway may also represent a power, sewage, and telecommunications corridor; a river may also represent a political boundary. At the conceptual level, several representations can exist due of the diversity of applications, which imply several ways of seeing the real world (Antenucci et al., 1991).


When designing the information system for an Online Public Decision Support System, once given a preliminary list of data, there is a compromise in deciding between the cost and quality of information. The system designer must bear in mind that resolution is the more important key point. The most common source of data for urban planning comes from administrative sources. During the last few decades, primary data acquisition has gradually passed from such activities as analog-based surveying techniques to receiving data in a digital form from remote sensing. Information technology opens up a number of new techniques for data capture (Antenucci et al., 1991).


According to Tweed (1998), there are even potential benefits to data capture performed via recording the argumentation and debate surrounding different types of decision-making. Recorded arguments can explain why particular decisions were made and the political climate that precipitated current policies and so have the capacity to justify decisions as well as inform actors involved in the future about the decision-making process. Recorded argument tools can be used to capture the crafted knowledge of the dominant actor as well as the vernacular or common knowledge of the actor. This tool can go long way to meet the increasing demand for greater transparency, openness, and accountability of the decision-making process.


Secondary data can come from census data, data from administrative files and forms, and data from polls. Existing data and historic maps are a good source of secondary data, but this information must be digitized to capture cartographic information for inclusion into a spatial database. Aerial photographs, photogrammetry, orthophotos, satellite images, thermal and multispectral scanning, microwave sensing, and GPS remote sensors are also a good source for data (Lillesand & Keifer, 1994).


Once the data are collected, it is necessary to conform the data, a quality control measure that also facilitates assessment in urban databases. This may be manifest as a data dictionary or a series of data dictionaries cross-linked by a data thesaurus. It is necessary to have a system maintenance plan, regular backups of the system, and schedule of technology refreshment updating. Updating geographical databases, especially using multi-source integration, is a very complex problem. Updating can have different meanings, and the conventional way of updating relational databases and geographical databases (SQL) is not effective in this field. Integration of multi-source information is a more frequent set of circumstances, and this may be best served through the creation and use of metadata. Metadata is also critical in the process of converting raw data into useable information for decision-making. According to Devilin (1997), metadata are data that describe the meaning and structure of data as well as how it is created, accessed, and used. Metadata are a standardized method to describe features (classes, collections, objects, attributes, etc.) as stored in the database.  Metadata  describes the data sets in sufficient detail that the actor using it can evaluate the fitness of use of the data within applications.  Metadata is data about data. Care is taken so that inappropriate decisions are not made because of a lack of information about data and its fitness for different applications or analyses. Standardized metadata provides a means for both technical and non-technical users to better understand the uses and limitations of the different datasets. 


Thomas Kuhn (1996) postulated in Structure of Scientific Revolutions that the road to a new paradigm is littered with the wreckage and debris of attempts to create a new way of looking at things. The organizational model necessary to support an Online Public Decision Support System as a decision-making tool would allow the integration of many elements that have been thus far unconnected.  At this turn of the century, Online Public Decision Support Systems can and are being developed upon the Internet platform, which supplies the interconnectivity necessary through the World Wide Web to create an integrated toolbox for urban planning and decision support.


The Internet is the engine of a paradigm shift in urban analysis and planning techniques, and the nexus of online participative planning systems. However, the tools that will aid in decision-making for urban planning professionals have been and are being developed for different but related purposes in business and industry.


The private sector, not government or academia, has driven the technologies of the Internet, including web-based Geographic Information Systems, Internet-based commercial transactions, expert web pages, industry specific portals, various types of groupware, and a hundred other high tech applications including Decision Support Systems. Through the Darwinian forces of the market, the private sector has tried and discarded many different software operating systems, technology platforms, and architectures, leaving only the most efficient and effective tools.   These tools are expected to contribute to the automation of the planning process, reduction of planning time, and increase in opportunities for public participation (Geertman, 1997). These issues address research questions three and six.

Evolution and Impact of Information Technology on Decision-Making


A number of issues have been examined in the literature pertaining to the evolution and impact of Information Technology on decision-making. Information Technology has proven to be a Faustian bargain for the prevailing society of the time; the tools absorbed by a culture tend to cut a broad swath through previously held beliefs, precipitating a paradigm shift.  A combination of events and inventions can be considered pivotal in the evolution of society and precipitating a paradigm shifts: timekeeping, standardization, print as a broadcast medium, and telecommunications. These are also elements in the current paradigm shift from analog to digital information systems.


The desire for order and power within monasteries of the Middle Ages gave birth to technics supporting decision-making. In the seventh century, by an order of Pope Sabinianus, it was decreed that the bells of the monastery would be rung seven times in 24 hours.  These daily tolling of the bells (known as canonical hours) required some means of tracking, which ensured their regular repetition.  Hours were initially measured by the water clock, which was followed in the 10th century by the modern mechanical clock. The clock was not merely a means of keeping track of hours, but was a means of synchronizing the actions of men (Mumford, 1934). For centuries, the clock tower bells defined urban existence. Time keeping passed into timeserving, time accounting, and time rationing. In this way, the clock was the first mechanical device that acted as a support mechanism for public decision-making. The timekeeping was a forerunner of the computer, since a clocking mechanism is at the heart of every computer and fiber optic network. 


Centuries after the initiation of timekeeping as a decision support tool, the printing press became the first technic to drive a paradigm shift through broadcast communication.  The printed word is considered a necessary step in the evolution of communications, in the form of business contracts, lawmaking, and the spread of ideas. The widespread dissemination of information via printing is widely credited to the invention of the Guttenberg printing press, which opened Europe to powerful currents of dissent, upheaval, and a breakdown in medieval social order on the heels of widespread literacy.  With the spread of literacy came a sharp upswing in the notion of democracy and the downfall of monarchy and theocracy (Glister, 1997). This paradigm shift in governance was the result of print as a broadcast medium for public debate.


In 1866, another communications technic drove a paradigm shift: telecommunications. The transatlantic cable allowed commodity prices to be relayed instantaneously from one side of the world to the other. This ability to communicate instantly meant that grain farmers in the American Great Plains now found themselves competing head to head with grain growers in Argentina and in the Ukraine. The world was shrinking through rapid intercontinental communications (Lazare, 2001).  This was a paradigm shift in thinking in relation to time and distance from local focus to a global economy. 


Today, the Internet is the technic that drives the current paradigm shift, having similar widespread, unforeseen impacts as the clock, the published word, and telecommunications. The ability to communicate instantly, cheaply, and in relative anonymity has allowed individuals, groups, and organizations a powerful communication network. Concepts and theories may be delivered to a wide audience via the World Wide Web, without editorial checks, refereed accuracy, or censorship.  With the spread of this “digital literacy” may come a sharp upswing in the notion of “teledemocracy” (Trend, 2001). However, as demonstrated, the Internet and the other innovations in communications are not different; they are just new.


Marshall McLuhan (1911-1980) believed that the print revolution begun by Guttenberg was the forerunner of the Industrial Revolution and the consequential fragmentation of society.  McLuhan argued that people who could read would now do so in private, and thus be alienated from others. 

“Printing, a ditto device, confirmed and extended the new visual stress. It created a portable book which men could read in private and in isolation from others.” (McLuhan, 1967, p. 50.) 


McLuhan saw electronic media as a return to collective ways of perceiving the world.  McLuhan visualized a “Global Village” -- a simultaneous happening where time and space vanished and which posited the ability of electronic media to unify and re-tribalise the human race. What McLuhan predicted, but did not live to see, was the merging of text and electronic mass media that we call the Internet. The Internet with its cyberspace and virtual communities is causing a paradigm shift in time and space. 


If the Internet is the engine of the paradigm shift, then standardization is the frame on which the engine was built. Standardization is the process of establishing common engineering criteria, terms, principles practices, materials, items, processes, equipment, parts, sub-assemblies and assemblies to achieve uniformity of procured items and engineering practices. Standardization insures a minimum variety of such items and practices and facilitates the interchangeability of equipment (DOD, 2000). Standardization of technological systems is one effect of the globalization, which took place during the industrial revolution. This encompasses standardized manufacture of machine parts, which resulted in replaceable and interchangeable parts, making machinery capable of greater efficiency and production. Later examples of standardization include electrical power, education, mass media, and monetary, government, and communications systems. Within the context of Information Technology, the standardization of the educational system across the country created common dialogues, consumers of computer technology, and inventors of new and evolutionary technology. Standardized education as delivered through the state-sponsored schooling system has been linked to the advanced industrial state through indoctrination and has served to entrench the ideas of the status quo. Standardization of platforms and protocols allow information to be transferred seamlessly through the Internet. Standardization is another technic that has contributed to the Internet-driven paradigm shift.


As previously noted, the convergence of technology is an important issue that has contributed to the paradigm shift. All streams of progress are linked and interdependent as such advances in industrial and transportation technology built on previous discoveries and technological advances. The automobile, focus of much city planning, is a product of the convergence of a number of technological innovations that can be traced to the industrial age: the differential gear, glassmaking, electricity, pneumatic tire, the internal combustion engine, and so on. Convergence is related to enabling technology. Convergence requires an intersection of similar ideas as well as an element of maturation of development. 


Neutrality is important for the development of new tools. Since tools for building and regulating must bridge vast differences between geographic territories and business, everyone is therefore forced to deal with these differences (Axelrod and Cohen, 2000). 


The literature has identified a number of factors that have contributed to the development of the paradigm shift that is driving information technology. These technics of timekeeping, broadcast communication, standardization, and telecommunications have contributed to the accumulation of wealth that generated the social patterns and technology responsible for our current state of techno-cultural advance. These issues address research question three.


The technology that allowed for the creation of the Internet and cyberspace was the networked computer. The Industrial age began with the introduction of new technological advances, in the form of mechanization, into the mainstream of industry and agriculture. The industrial revolution introduced mass production and mass consumption through the increasing mechanization of agricultural production and transportation. The machine became part of the culture and gave society of the day a vision of progress linked to mechanization. Progress and technology were working hand-in-hand to bring about massive change to the systems of civilization. 


Just as the elements of the industrial revolution became encultured and integrated into everyday life, elements of the technological revolution have been developed and integrated into everyday life; examples include cars and trucks, telephones, and computers. The computer and associated digital devices have become part of current culture and give current society a vision of progress linked to information technology through the computer. Progress and technology are again bringing about massive change to the systems of civilization.

Issues and Impacts of Computers


The computer as we know it comes from a long line of computation machines. The abacus, in use for more than 5000 years, is an arrangement of sliding beads on a rack that may be considered the first computation device. In 1642, Blaise Pascal created a numerical wheel calculator that added numbers through mechanical means. In 1822, Charles Babbage proposed a steam powered  “difference engine” which had a stored program and could perform calculations and print the results. Babbage borrowed the idea of punched cards to encode the machine instructions from the jacquard loom. The loom, produced in 1820, used punched boards that controlled the patterns to be woven. From these two technological streams, one mathematical and one industrial based, the modern computer evolved. Computer technology is to the information age what mechanization was to the industrial revolution (Jones International, 1999).


In 1889, Herman Hollerith applied the Jacquard loom concept to the Tabulating System Punch Card Reader for the calculations of the U.S. census. In the 1940s, John Atanasoff applied Boolean algebra to computer circuitry.  George Boole (1815-1864) clarified the binary system of algebra, which stated that any mathematical equation could be stated simply as either true or false. By extending this concept to electronic circuits in the form of on or off, an all-electronic computer was developed. The computer working within the system of binary logic translates all languages, words, and information into a sequence of zero and one, binary code. Binary code has become an international language for computers. The speed at which information technology travels to inform or educate the recipient is now measured in terms of bits per second, reflecting the pace of change today (Jones International, 1999). 


First generation computers were characterized by the fact that operating instructions were made to order for the specific task for which the computer was to be used. Each computer had a different binary coded program called a machine language that told it how to operate. This made the computer difficult to program and limited its versatility and speed.


Second generation computers (1956-1963) used transistors instead of bulky vacuum tubes and contained printers, tape storage, disk storage, memory operating systems and stored programs (Jones International, 1999). Early applications of computers involved scientific research, data collection, and eventually records keeping. Computers have evolved from the tools of scientists to become tools of the trade for commerce, academia, medicine, and so on.


Third generation computers (1964-1971) were built with integrated circuits, and later semiconductor chips, which greatly reduced the size of computers. These computers also used an operating system, which allowed machines to run many different programs at once with a central program that monitored and coordinated the computer’s memory (Jones International, 1999). The relational database developed by Edger Codd of International Business Machines in the 1970s revolutionized the database through its flexibility and simplicity. Using a query system, information retrieval is fast even on large unordered files. The disk drive, and later the optical drive, allowed large quantities of information to be stored (Spinello, 1995).


The fourth generation of computers, which are currently in use, took all the components of a computer (central processing unit, memory, and input and output controls) and placed them on a single computer chip.  In the 1980s computers became smaller and more affordable, and new Windows-based operating systems with a Graphic User Interface (GUI) allowed users to move screen icons instead of typing instructions. Actors control the screen cursor using a mouse, a device that mimicked the movement of one’s hand on the computer screen. Several interrelated technologies converged with the computer to drive the paradigm shift (Jones International, 1999).


Computer software encompasses a wide range of tools from operating software to applications like spreadsheets, databases, word processing, and Geographic Information Systems. The database, a collection of information organized in a logical manner, has had the most profound influence on computer systems because it allowed information to be stored, retrieved, and manipulated at will. 


The advent of computer technology in the 1950s began the computer revolution. Mainframe computers gave way to the personal computer in the 1980s, and today the computer has become part of everyday life much in the same way as the automobile or the telephone, the main tools of our current society and economic systems. The implications of computer technology and the digitization of information can be seen in the cell phone, personal digital assistant, and automobile.


The use of information technology in the form of personal computers, information storage and retrieval technology, analysis functions, and others has become integral to the operation of our system of government, education, economy, and civilization. The advance of computer technology has led to the development of artificial intelligence as the goal of the computer scientist, and urban planners can now work in a virtual world of virtual communities and virtual neighborhood: cyberspace. Through the manufacture of its parts and the demands for its products, Information Technology has become the basis for our economic system. 

Issues and Impacts of Computer Networks


The core technology that has reshaped society is the networked computer, which enhances the capacity of organizations to exchange vast amounts of data or information simply and cheaply. The ability to exchange information on data networks is crucial for many organizations, enabling actors to collaborate on projects even from remote locations. Hierarchical and network database management systems have been used since the 1960s in large mainframe computers.


Ethernet, invented by Robert Metcalf in 1973, allowed computers to talk to each other over a local area network and made networks practical in business offices.  Metcalf’s law states that where you have any number of computers (n), their performance and value increases by a factor of two (N²) when you connect them (Glister, 1997). Networks operate as sets of connections built for the benefit of those connected. Economists have identified network externalities or things that accrue to each person connected. The power of interaction of computers is reflected in Sun Microsystem’s slogan, “ The computer is the Network and the Network is the computer.”  


As smaller computers became more powerful, they could be networked to share memory space, software, and information. Using direct wiring called a Local Area Network (LAN) or using telephone lines for a Wide Area Network (WAN), these networks could reach enormous proportions and widespread populations. The hardware that holds the Internet together is dependent upon five electronic devices: hubs, bridges, gateways, repeaters, and routers. Hubs link groups of computers and let computers communicate with each other. Bridges link local area networks to one another, enabling data destined for another LAN to be transmitted there while keeping local data within its own LAN. Gateways are similar to bridges, but they also translate data from one kind of network to another kind of network. Repeaters regenerate information that travels long distances over the Internet. Routers manage traffic on the Internet by reading the addresses on packets of data and routing that data to those addresses. Routers also take into account the volume of activity on the Internet and can redirect information to its destination through alternate routes when necessary (Gralla, 1999).


Apart from the obvious possibilities of remote computing, access to information services such as data, libraries, and software for computing, text processing, and design over the Internet is enabling entirely new ways of working as well as new forms of work. 


Wide Area Networks, organizations with many networked sites linked together, opened the possibility for a virtual office, corporation, or community that transcend spatial limitations and connect parties all over the world. Thus, electronic networks range from Local Area Networks within a building to Wide Area Networks, which can be global in nature (Spinello, 1995). The networked computer laid the groundwork for the Internet, the World Wide Web and cyberspace.

Issues and Impacts of the Internet


The Internet originated in the military purposed network ARPANET, deployed in 1969 in the U.S.A. During the 1980s, many academic networks of different countries connected to ARPANET. The widespread adoption of the technology took place only after 1991 when the network was commercialized and the World Wide Web service was provided. The Internet is not a single network but a loosely organized globe-spanning network of networks. 


No person, group, or organization alone runs the Internet; instead it is administered by many entities loosely connected in a democratic alliance that pay for and run parts of it. The networks communicate with one another based upon certain electronic protocols such as the Transmission Control Protocol (TCP), which breaks down and assembles packets of data, and the Internet Protocol (IP), which insures the packets are sent to the correct destination (Gralla, 1999).


In 1978, the first Computer Bulletin Board System was created.  The CBBS operates like a virtual thumbtack bulletin board. Participants can post messages to a public board and others can read and respond to those messages to create an ongoing virtual discussion. In 1979, the first Multi-User Dungeon (or Domain) was activated online. A MUD is an electronic role-playing game, each located on a host computer and accessed by multiple users who interact within the game through virtual characters. MUDs create communities in which participants have visual anonymity and make group decisions which affect role-playing in the “Dungeon” (Moschovitis et al, 1999). MUDs and other computer-assisted games such as “Sim City” formed much of the research basis for decision support systems and collaborative spatial decision-making.


The World Wide Web (WWW) was designed to be a “pool of human knowledge which would allow collaborators to share their ideas and all aspects of a common project” (Berners-Lee, 1994). Berners-Lee envisioned a system where a document could be linked to other documents, enabling researchers to easily find more and related information simply by following a link from one document on the network to another. This goal for the World Wide Web makes it an ideal distribution system for Decision Support Systems.


In 1984, the Domain Name System was installed on the Internet. It is an addressing system developed by Sun Microsystems that established a system of Domains. Domains are groups of computers on the net with unique Internet addresses, enabling easier cross-networked access and unlimited network growth. 1984 was also the year William Gibson’s book Neuromancer was published, introducing the term cyberspace. Cyberspace refers to the virtual realm of electronic communication, community, and information storage where telecommunications merged with computers to form integrated networks.  Internet has created the new geographic field, Tele-geography, the mapping of telecommunications traffic in cyberspace. Teledensity measures technical capacity, density, and bandwidth of telecommunications plant in and between political units of government, a critical element in the development of network communication (Staple, 1995).


The Internet works on the client/server model of information delivery. In this model, a client computer, usually a personal computer, connects to the server (or host) computer, which is a remote computer on which information resides: the client depends upon the server to deliver information. This model enables the client computer to run browser software to search the web, yet still access host servers around the Internet to execute search and retrieval functions. In essence, this architecture enables the web to be conceived of as a limitless file storage medium and database, distributed among thousands of computer hosts, all accessible by any individual PC (Gralla, 1999).


Within cyberspace, websites are organized in hypertext or non-sequential documentation and hyperlinks are connections between blocks of information using Transfer Control Protocol and Internet Protocol (TCP/IP). The World Wide Web (WWW) required three basic architectural principals. The URL (Universal Resource Locator) is an address scheme for pointing the system to a particular location within the www information space. The information just to the right of the http:// in the URL tells the Internet on which web server the requested information can be found. The second element is the HTTP (Hypertext Transfer Protocol); it serves as the protocol for accessing data and transversing hypertext links defining the way the web browser and web server communicate with each other. The third is a documentation code, HTML (Hypertext Markup Language). This language contains commands that tell the web browser how to display text, graphics, and multimedia files. It also contains commands for linking the page to other pages and to other Internet resources (Galla, 1999).


The common interface that the WWW is accessed by is the Internet browser. Internet browsers are programs that enable people to read and navigate hypertext documents on the World Wide Web. You run web client browser software such as Netscape Navigator or Microsoft Internet Explorer that request information or resources. The web server locates and then sends the information to the web browser, which displays the result.  Browsers have become increasingly sophisticated software suites that can do everything from videoconferencing to letting you create and publish HTML pages. 


An Internet Portal is a gateway site, a major starting site for the World Wide Web with a text-intensive, fast-loading page that is easy to use as an anchor site. Portals provide interactive content such as e-mail, web-wide games, map services, links to electronic shopping, chat groups, and online bulletin board systems. Most portals have adopted a style of content categories that include a directory of web sites, a facility to search for other sites, news, weather information, e-mail, stock quotes, phone and map information, and a community forum. The term portal space is used to mean the total number of major sites competing to be one of the portals. Rose and Peinel (1999) have anticipated a geographic portal, which is built on the concept of smart maps for information visualization and exploration. These smart maps serve as a navigational hub by indicating the existence of information carrying relevance for a specific location. Groupware functions for collaborative visualization and interactive editing on maps are added on top in order to export the concept of graphical information portals to further domains. 


The speed by which information is passed through a browser or portal is governed by bandwidth. Bandwidth is the space available for information transfer; larger bandwidth can transmit more data in a small amount of time. There is immense capacity for networks due to high capacity fiber optic cables that comprise the “data superhighway.” During the 1992 U.S. presidential election, Al Gore promised to make the data superhighway an “Information Superhighway” and an administrative priority  (Jones International, 1999). In 1996, President Clinton promised to wire every classroom to the Internet (Trend, 2001).  Government agencies such as NASA and government-funded agencies such as the National Science Foundation pay for a portion of the backbone fiber optic infrastructure. As a result, all federal government agencies are accessible through the Internet. State and local governments have followed suit, creating a proliferation of e-government by which actors may interact with government agencies over the Internet.


The literature reveals a number of issues dealing with the Internet. The Internet has changed the laws and norms that have traditionally prevailed to control the distribution and ownership of information. The Internet has helped to create a postindustrial information society in which intangible goods like images and ideas are the prime commodities and workers are becoming symbolic analysts who are continually engaged in manipulating ideas and who solve, identify, and broker problems by manipulating symbols (Trend, 2001). Interactions occurring on the Internet can take place among and between web-connected computers. There are three concepts related to Internet interface among computers. The first is interactivity, which is communication between actors.  The second is immediacy, through recurrent updates.  The third is media integration of various forms of information (i.e., video, audio, and text) (Glister, 1997). These issues relate to research question six: what do actors expect from a PDSS?


Books and journals, the traditional forms of the print paradigm, offer content in a linear and sequential manner. Editors and referees confirm content credibility. The Internet, however, requires the actor to build content from the huge resources put at the user’s disposal by the World Wide Web (Glister, 1997).  The ease with which content can be added to the Internet and the lack of editorial control or censorship affect the content of web-based information.


Flexibility, hack-ability, and the temporal nature of information as presented on the World Wide Web prevent actors from trusting that information presented on a web page today will read the same tomorrow and contain informational continuity (Glister, 1997). Due to the ease of adding information on a web page, many actors tend to shovel as much “flash” as possible onto a web page without regard to its content. Multimedia “flash” (sound bites, video clips, amusing graphics, and complex images) often take precedence over quality of information, and numerous web pages have fallen victim to the carelessness of the “vaporware” phenomenon (Spinello, 1995). 


Open access to inputting content onto Internet web pages makes its content questionable. The onus is upon the reader to develop the critical skills necessary to evaluate Internet content. Because the Internet lacks editorial function, its decentralization makes its content suspect (Glister, 1997).  The content of an article is only as credible as the credentials of the author.


Traditional texts have a double structure: logical comprising chapters, paragraphs, sentences, and so on, and layout consisting of volumes, pages, blocks, and so on. In contrast, hypertexts are organized by semantic units called nodes and associations between nodes referred to as links. The semantic units many be simple elements like a single word or proper name, or may be more complex units like a table of numbers, a map, paragraph, document, or file of data. A hypertext system invites the creators to transform their own thoughts into units in a way that allows an individual idea to be referenced elsewhere. A node may have several successors and/or predecessors and readers can choose a path of reading. Hypermedia and multimedia hyper documents are becoming a common type of documentation. Web sites are typically organized in one of three ways. The first is linear in which one page leads to the next, which leads to the next, like the afore-mentioned traditional text. The second is an outline or tree structure, which arranges information hierarchically, moving from general information to data that are more specific. The third organizational structure is really a lack of structure in which pages are connected to each other seemingly at random, creating a world wide web of information (Gralla 1999).


The paradox of hypertext is its links to information, which suggest that all ideas that are presented are backed by refereed evidence. In reality, hypertext discussion can be manipulated by the web master’s choice of links.  Links that appear to be predestined connections to relate facts are actually choices made by the page designers whose partisan views are reflected in the selection of links. Each reading of a hyper-linked web page, therefore, requires judgment as to the validity of that web page. Some groups and organizations attempt to build credibility for their websites by publishing online refereed journals. Most web pages and articles have a hyper-linked email address attached to the site, so that interested parties can contact the author of the information. The ability to engage in a dialogue with the author or source of materials in a timely fashion is unique to the Internet (Glister, 1997). An Online Public Decision Support System should have some way to verify the validity of its content and usability, such as an International Standards Organization (ISO) certification. The International Standards Organization model (ISO 9241) defines usability as measures of the following.

· Efficiency.  The accuracy and completeness the user achieves with respect to the goals.

· Effectiveness. The user effort required to achieve the user and domain goal.

· Satisfaction. The measure of user satisfaction on a number of attributes.

· Usefulness.  The measure of value the user places on the product.

In addition to this, an OPDSS can be measured with respect, presentation, and “learn-ability” (Cato, 2001).


The Internet networks multimedia so one can move between sites with ease, incorporating the content found there into one’s work.  Networked multimedia generates the impression that one is a participant, involved in the resources by virtue of one’s ability to locate the information, share the content with others, add one’s own thoughts to the content, and forge links between the content and other Internet sites (Glister, 1997). This makes it a perfect medium for OPDSS.


Through the Internet, users can form virtual communities or “tribes” where individuals of like interests can convene or exchange information.  The Internet user community can be likened to the “Global Village” that Marshall McLuhan visualized, and through this capacity of electronic media, the human race is being re-tribalized in electronically defined villages.


As a medium for business and commerce, the Internet is a means of direct purchase using secured credit card transmissions. Companies such as Amazon.com, E-bay and Microsoft have made fortunes using e-commerce on the Internet. Business, academia, and all levels of government have shown interest in payment by micro-transaction, so that actors could retrieve a document and pay for it online, apply for a permit and pay for it on line, or even pay taxes online (Glister, 1997).  The ability to purchase through secured credit card transmissions is one of the cornerstones of e-government. The ability to use this encryption technology may help to alleviate some of the security issues surrounding the acquisition of personal information or restriction of specific data to specific actors.


The Internet has become a multinational entity, difficult for governments to regulate due to the many on-ramps to the digital superhighway. Internet structure overthrows national regulation with its own rules of participation and cyber-citizenship.  Internet has taken on the political characteristics of a self-governing entity, avoiding political infrastructure such as federal, state, and local retail taxation laws. Networks determine the rules and conditions of membership. Private contracts mediate the rights and responsibilities of participants. 


Different service providers offer different terms of adherence. America Online and Prodigy, for example, have different policies on user privacy, while Lexis Counsel Connect has one set of message posting rules for lawyers and a different set of message posting rules for law students. The laws and rules developed for an OPDSS will have to be carefully worked out. Similarly, discussion groups on the Internet have their own rules of access and participation. "Usenet" groups are open to all, while "listserv" groups are available only to subscribers authorized by the list owner, according to some criteria such as knowledge of a particular field, though a list owner may open the list to anyone without restriction. This has some interesting possibilities for OPDSS and the management of group discussions. The study of virtual environments may offer clues to some critical issues of living in a sustainable environment despite dwindling resources and shortages in key areas of skill and education (Glister, 1997).

“How digital media can be used to visualize everything from land use plans to simulations to statistical analyses to computer aided designs, how two dimensional spatial data can be stored, retrieved, analyzed and mapped in geographic information systems, how virtual reality systems can be used to provide virtual environments in which users and designers can interact with planning information from most local of planning applications to the most strategic of policy issues are questions that are usually studied in a vacuum from one another, although they are all part of the digital planning environment that will dominate our future.” Michael Batty (in Laurini 2001 P. x)


From the technological viewpoint, advancement of information technology (especially that of the Internet) has urged the development of network-based support systems such as Facilities Management/Automated Mapping (AM/FM), Web Based GIS, and various types of groupware. These tools are expected to contribute toward the automation of the planning process, reduction of planning time and increased opportunity for public participation (Batty, 1996b).


There are two principal facets of spatial data: multimedia and non-sequential organization. Multimedia or non-print media comprise a variety of analogue and digital forms of data that come together via common channels of communication. The term content portion is used to refer to an individual unit of data of whatever form. The non-sequential organization, or hyper structure, refers to a form of communication beyond or over the linear style that is associated with most books. In libraries the non-print media collection comprises picture material in the form of photographs, filmstrips, 35mm slides, or videotapes. For over 30 years, data has been acquired electronically through remote sensors recording data about pollution, vegetation or mineral deposits, and so on. Dealing with varied information is not a new dimension to many fields, but being able to integrate analogue and digital forms and to work with print and non-print media continue to challenge engineers and software designers (Lillesand and Keifer, 1994).

One way to access this data is through graphics called imagemaps, which use HTML to retrieve information. Imagemaps are static images that have been turned into click-able images with click-able parts using a common gateway interface (CGI). An image is divided into different segments, defined by coordinates that link to different HTML pages.  When a click-able image is activated, a CGI application reads the map file to match coordinates of a mouse click with a corresponding URL, which locates and activates the information (Gralla, 1999). In the context of an OPDSS, there are many uses of non-print media and some applications blending the world of pictures, sounds, and signals with conventional text and map-oriented database software and hardware.
Issues and Impacts of Geographic Information Systems

A map is a graphical presentation of the abstraction of geographic data. A map is the interface between geographic data and actor’s perceptions. Maps utilize actors inherent cognitive abilities to identify spatial patterns and provide visual cues about the qualities of objects and locations. A Geographic Information System provides a spatial framework to support decisions for the intelligent use of resources and to manage the man-made environment. A geographic data model is an abstraction of the real world that employs a set of data objects that support map display, query, editing, and analysis. Geographic access is an important feature for multimedia documents. Geographic access is the use of a coordinate-based access in which by referencing territory on a map, one can retrieve all information dealing with the identified point or zone. Not only numeric and alpha numeric data can be retrieved, but also documents, images, measurements, and so on, which are anchored to some point line or area. It is necessary to store, archive, select, and retrieve materials such as maps with different scales and topics, sketches with different rough calculations, paper reports and documents with various origins and structures, and photographs and three dimensional landscape images. This can be accomplished using a geodatabase data model. This model brings a physical data model close to logical data model by allowing any kind of relationships to be defined among features (Zeiler, 1999).


GIS tools have been created that share three traits: accessibility, analysis, and action. GIS technology is accessible to both professional planners and citizens using distributed desktop systems and to citizens doing community mapping through the Internet. GIS are being used in public meetings for real time use during deliberations. GIS tools are both active and interactive and relevant to real world decision-making.  These GIS tools can create complex models for analysis in which data can be turned into insightful evaluations of alternative plans and development impacts. Actors can create scenarios “on the fly,” get immediate feedback on the implications of their choices, and reach consensus on outcomes more quickly (Allen & Goers, 2002).


A number of supply issues that arise from the literature have been examined: the paradigm shift in information management, the historical development of the Internet some of its attributes, and the nature of Internet.

Nature of Problems


In this section, the nature of problems and decisions are examined. The first part will discuss issues in how to define the problem space. This will be followed by a discussion of issues in defining how to make the decisions that must be made to arrive at a solution state and finally issues surrounding what types of support are needed to make the decisions.


Hayes (1989) defined a problem in the following way, “Whenever there is a gap between where you are now and where you want to be, and you don’t know how to find a way across the gap, you have a problem.” Hayes continues by defining a solution as “finding an appropriate way to cross that gap” (p. xii). 


Problem-solving begins from the recognition of the initial state of affairs, the statement of a problem, or as the initial state of the problem. Based upon the situation surrounding the problem and prior knowledge of the problem, one is able to work toward a solution. When that state is reached, one has arrived at the functional solution, or goal state, of the problem. The term “solution” can refer to two aspects of problem solving, either the final answer to the problem or the means of finding the answer, the solution procedure (Robertson, 2001).


In order to address the scope of decisions and decision support systems, one must first have a comprehension of problems. Problems have two critical attributes. The first attribute of a problem is that there is a situation in which is something is unknown (the difference between a goal state and a current state). Within urban planning, this situation can vary from algorithmic math problems of transportation analysis to such complex social problems as downtown redevelopment. The second attribute is that solving the problem must have some social, cultural, or intellectual value. Some actor or group of actors must believe that it is worth finding the unknown. If no one perceives a need to determine an unknown, there is no perceived problem. Thus, the great difficulty with urban problems lies in their identification. Several urban actors have postulated that it is not worthwhile to develop sophisticated instruments to identify urban problems, and some dominant actors prefer to see the problem established by some other actors (Laurini, 2001). It would appear, therefore, that there are three aspects to a problem: the importance of the problem to the actor or actors (person, group, organization), the actor’s perception of reality, and the problematic future.


Finding the unknown is the process of problem-solving. This process has two critical attributes: constructing the problem space and manipulation of the problem space. First, the actor solving the problem must construct a mental representation of the problem, known as the problem space (Newell & Simon, 1972). The problem space may be externally represented as a formal model or representation using a variety of tools, but it is the mental construction of the problem space that is the most critical for problem-solving.  A problem representation is derived from various sources of information, the main sources being:


1. The task environment


2. Inferences about states, operators, and restrictions


3. Text-based inferences


4. Previous experience with problems


5. Previous experience with analogous problems


6. Misinformation


7. Procedures for dealing with problems


8. External memory


9. Instructions

All of these sources together constitute the “problem space” in which one’s problem solving process takes place. 


Second, problem solving requires some activity-based manipulation of the problem space (Jonassen, 2000b).  Newell and Simon (1972) suggest that one way to manipulate problem space is a “search process.” In a search process, the problem-solving actor attempts to find a solution within this problem space.  The search process and the process of understanding interact. The search process might guide revisions of the mental representation, or the problem solving actors may revisit the problem, which may in turn conjure up ways in which the search for the solution can combine. The actor’s mental representation of a problem, being a personal representation and subject to partisanship cannot be described as objective fact (Newell and Simon, 1972). An Online Public Decision Support System may provide the forum for a shared search process between many actors.


When faced with a novel problem, an actor brings prior knowledge to bear to solve that problem. However, the actor may have no relevant prior knowledge, in which case the actor may then fall back upon broad problem-solving strategies that have worked in the past. Problem-solving is enhanced by knowledge of general problem-solving techniques and good problem-solvers know what, how, and when to apply these procedures.  These include means-ends analysis/backward reasoning, forward reasoning, reasoning by analogy, hypothesis generation and testing, trial and error estimation, and so on (Lochhead, 1988). Tools to automate these techniques could be created and delivered online.  Often the simplest way to solve a problem is to think of a similar problem one has solved in the past and use that solution, known as analogical problem solving. The structure feature of the familiar problem is mapped onto the unfamiliar problem (Robertson, 2001). All analogies have to be adapted in some way in order to solve a problem and there is always a point at which the analogy breaks down. The surface features of analogies and the need to adapt the analogy to solve the new problem have a powerful influence on analogical problem solving. The Online Public Decision Support System could provide examples of general problem solving strategies and a storage facility for knowledge for problem-solving processes so analogies can be constructed to aid problem-solving.


The process of abstracting-out common features of problems in this way is known as induction. Applying what one has learned, generalizing from one or a few examples to a whole range of new examples, is known as deduction. Induction is the process of moving from the particular to the general, and deduction is the process of going from the general to the particular (Robertson, 2001). Online Public Decision Support System should develop approaches to support both inductive and deductive processes.


Another method of problem-solving is for the actor to generate a number of hypotheses and test each hypothesis until the methodology that solves the problems is established.  The actor may use lateral thinking, rearranging the pieces of the problem to try to get closer to the goal one step at a time through proximal succession. Some problems can be solved through insight, a phenomenon whereby a solution is arrived at without any apparent conscious working out. The solution appears to pop into consciousness (Robertson, 2001). Various tools and techniques from Roger Von Oech’s A Whack on The Side of the Head to Hamon’s (2002) KnowBrainer attempt to precipitate insight using questions, key words, and quotes, and could be included as a module of an Online Public Decision Support System.  


Problem-solving strategies often work in a variety of spheres of knowledge or domains, so that they can be called “domain general problem-solving strategies.”  For most new problems in a familiar domain, one has prior knowledge that is specific to the problem, and the problem is similar to problems that one has engaged in the past. One normally uses a domain-specific strategy that is known to work in this particular type of situation (Robertson, 2001).


There exists a number of information-processing models of problem-solving in the literature. In the “general problem-solver,” Newell & Simon (1972) have explained two sets of thinking processes associated with the problem-solving processes, understanding processes, and search processes. Another problem-solving model, the IDEAL problem-solver (Bransford & Stein, 1984) describes problem solving as a uniform process of identifying potential problems, defining and representing the problem, exploring possible strategies, acting on those strategies, and looking back and evaluating the effects of those activities. A third model used by Haman (2002) uses a four-step approach: investigate needs, create ideas, evaluate solutions, and activate plans.  


Problems are not created equally in content, form, or process. Decision-making can be regarded as pattern recognition, using a repertoire of known solutions. Schema-theoretic conceptions of problem solving argue that problem-solving skill is dependent on schema for solving particular types of problems. A schema is a knowledge structure composed of bits of semantic knowledge and relations between the bits of knowledge. If the actor possesses a schema for any problem type, then constructing the problem representation is simply a matter of mapping an existing problem schema onto a problem. Existing problem schemas are the result of previous experience in solving particular types of problems, enabling the actor to move directly to the implementation stage of problem solving (Gick, 1986) and try out the solution. 


General transfer involves the learning of generalized skills or habits. Transfer is fundamental to the education process. Actors receive education on the assumption that what is learned in the classroom can transfer to situations outside the classroom. In other words, problem-solving strategies learned in the classroom can be applied to problems found outside the classroom. However, there is debate about the extent to which transfer can happen (Robertson, 2001).  Some people are better learners than others. An Online Public Decision Support System would contain different educational materials, background documents, white papers, and so on., to transfer knowledge to participating actors.


The rules of learning and continual practice in a particular domain can lead to expertise. Two kinds of learning would normally result in expertise in a particular domain. These are an increase in knowledge about a domain (declarative knowledge) and an increase in skill related to the domain (procedural knowledge). Experts are better problem solvers than novices because they recognize different problem states that invoke certain solutions (Sweller, 1988).   As a rule of thumb, an expert is someone who has at least 10 years experience in that domain (Simon and Chase, 1973). Expertise and how to acquire it is a result of solving problems within a domain; while solving problems in a domain, one learns something about the domain. When one has experience of a problem type, one can induce a schema for the problem type. This schema helps us recognize and categorize problem types and access the relevant solution procedure. With repeated practice, a procedure can become automated (Robertson, 2001).


Experts tend to be experts in one domain. Expertise does not seep into another domain unless the two domains share a set of skills. Thus, there can be “content” knowledge specific to a domain and “task” knowledge that can be shared with closely related domains. 


Research by Patel and Groen (1991) has looked into less than expert reasoning. This has involved subjects in three categories: sub-experts, intermediates, and novices. Experts readily comprehend new information and integrate it into their knowledge base. Sub-experts, who are experts solving problems outside their domain of expertise, usually make incomplete or inaccurate diagnoses. A sub-expert’s explanation tends to resemble the reasoning of the expert in the domain who reaches an incomplete diagnosis except there is a marked tendency for the sub expert to focus on aspects related to their own specialties.


On the way to expertise, there is evidence of an “intermediate effect” in which people with some knowledge of a domain perform worse than others with little knowledge of the domains (Robertson, 2001). Intermediates are persons who have received some instruction in the domain and recall more irrelevant materials than novices or experts. This can be interpreted as implying that intermediates tend to utilize recently learned information that has not yet been adequately integrated into their knowledge base (Smith, 1991). An Online Public Decision Support System must consider the sophomoric intermediate effect when designing the system. In a group decision-making situation, this “ intermediate effect” has the potential to cause conflict and lead to bad decision-making and is, in effect, an excellent reason for the use of an OPDSS and can be central to the marketing to such a system.


Novices are persons with negligible knowledge of the domain. Novices therefore do not possess well-developed problem schemas, are not able to recognize problem types, and must rely on general problem-solving strategies, such as the information processing approaches, which provide weak strategies for problem solutions (Smith, 1991). Novices do not necessarily need to become, nor want to become, experts in the sense of becoming a system expert. In many instances, novices move in and out of technological contexts for different purposes and different ends. A novice may use a GIS system to analyze a spatial problem on one hand yet would not use a GIS to create a simple line map needed for demonstration purposes. A novice may seek appropriate technology or, in common sense terms, not use a sledgehammer to open an egg. The target group for an Online Public Decision Support System would be the novice.


It is clear that problems vary in their nature, in their presentation, in their components, and certainly in the cognitive and affective requirements for solving them. The definition of a problem has a direct relationship to the design of the tools needed to solve it. Mayer and Wittrock (1996) described problems as ill-defined/well-defined and routine/nonroutine. Jonassen (1997) distinguished well-structured from ill-structured problems and articulated differences in cognitive processing engaged by each. 


Jonassen (1997) distinguished well-structured from ill-structured problems and recommended different design models for each, because they call on distinctly different skill sets for their solution. The most commonly encountered problems are well-structured problems. Well-structured problems require the application of a finite number of concepts, rules, and principles to a constrained problem situation. These problems have a well-defined initial state, a known goal state, and constrained set of logical operators. Well-structured problems present all elements of the problem and require the application of regular and well-structured rules and organized principles, and have knowable, comprehensible solutions where the relationship between decision choices and all problem states is known or probabilistic (Wood, 1983).


Ill-structured problems are the kinds of problems encountered in everyday practice, so they are typically emergent. Because they are not constrained by the content domains, their solutions are not predictable or convergent. Ill-structured problems may also require the integration of several content domains. Solutions to problems such as pollution or urban redevelopment may require components from engineering, science, political science, and social psychology.


Ill-structured problems appear ill-defined because one or more of the problem elements are unknown or not known with any degree of confidence; they may possess multiple solutions or no solutions at all. Ill-structured problems possess multiple criteria for evaluating solutions, so there is uncertainty about which concepts, rules, and principles are necessary for the solution and how they are organized. Ill-structured problems often require actors to make judgments and express personal opinions or beliefs; so ill-structured problems are uniquely human interpersonal activities (Meacham & Emont, 1989).


Problems that provide all the information required to solve them can be inferred to be well-defined problems. Algebraic problems are classified as well-defined because their solutions are dependent upon four basic arithmetic operators: multiplication, division, addition and subtraction. Therefore, a well-defined problem is a problem in which one has available the information about the initial state, goal state, operators, and restrictors (Robertson, 2001).


An ill-defined problem is a problem where some aspects of the problem are only vaguely stated. The means of solving the problem are not immediately apparent, either because relevant operators or a clear description of the goal is not explicitly stated. In urban planning, ill-defined problems are difficult to solve because there is no set of commonly acknowledged problem dimensions. Each actor has a (sometimes narrow) view of the problem and an agenda to satisfy his particular goals. Actors are often unaware that achieving their own goals can make things worse for other actors. A characteristic of ill-defined problems is that it is not only unclear how to solve the problem; it is also unclear what exactly constitutes the problem and how to judge a proposed solution. Many urban problems are based on vague dissatisfaction or an imprecise demand for improvement and have no stopping point in that they cannot be solved once and for all (Ernesto et al., 1997). 
Similarly, an abstractly defined problem is a problem that has all the components of a well-defined problem except that the goal has been defined in abstract terms (Robertson, 2001).


Wicked problems are problems for which each attempt to create a solution changes the understanding of the problem. Wicked problems cannot be solved in a traditional fashion, 

because the problem definition evolves as new possible solutions are considered and or implemented. Wicked problems always occur in a social context – the wickedness of the problem reflects the diversity among the stakeholders involved in the problem. It is the social complexity of these problems, not their technical complexity, that overwhelms most current problem solving and project management approaches (Ritter and Webber, 1973). Problem wickedness demands collective intelligence, tools, and methods that create shared understanding and shared commitment. Understanding a wicked problem is collectively making sense of the situation and coming to shared understanding about who wants what. Dialog mapping is such a method because it is an approach that is rooted in maximizing communication and coherence among diverse stakeholders. Dialog mapping is a structural augmentation of group communication. It provides a group with an enriched dialog environment which both de-emphasizes personal dynamics (e.g. win-lose dynamics) and creates a shared coherent shared space for crafting and negotiating shared understanding (Cognexus, 2002). Like argumentation mapping, dialog mapping would be a good application to include in an OPDSS.


It has been assumed that learning to solve well-structured problems transfers positively to learning to solve ill-structured problems; however, research in situated and everyday problem solving makes clear distinctions between the types of thinking required to solve convergent problems and everyday problems. Dunkle, Schraw, and Bendixen (1995) concluded that performance in solving well-defined problems is independent of performance on ill-defined tasks, with ill-defined problems engaging a different set of epistemic beliefs. 


Some problems have simple rules and a clear description of how everything is to be arranged at the beginning of the problem - the initial state of the problem - and what the problem will look like in the end - in the goal state. Some problems have very strict rules and so require very little knowledge to solve them. These problems are known as knowledge-lean problems. 
Knowledge-rich problems require a lot of prior domain knowledge to solve them; such knowledge is domain specific applying only to that domain (Robertson, 2001). Urban planning and economic development problems require domain-specific knowledge of local politics, zoning bylaws, law and so on, and therefore are knowledge-rich problems.


Another way of categorizing problems is in terms of how much preexisting knowledge the actor brings to the problem. This process involves semantics, the study of meanings; the more knowledge one has of a word or concept in a variety of contexts, the clearer its meaning becomes. When presented with a novel problem, the actor will have little prior knowledge to call upon to solve the problem, thus defining the problem as semantically lean. Where the actor can bring a lot of experience to bear on the problem, the problem can be defined as a semantically rich problem. As one sees more semantic association, one gains expertise in solving that particular type of problem (Robertson, 2001).


Just as ill-structured problems are more difficult to solve than well-structured problems, complex problems are more difficult to solve than simple ones. There are three factors in problem complexity: the number of issues, functions, or variables involved in the problem; the number of interactions among those issues, functions, or variables; and the predictability of the behavior of those issues, functions, or variables. Although complexity and structure invariably overlap, complexity is more concerned with how many components are represented implicitly or explicitly in the problem, how those components interact, and how consistently they behave. The more complex a problem, the more difficult it will be for the actor to actively process the components of the problem. While ill-structured problems tend to be more complex, well-structured problems (like a game of chess) can be extremely complex and ill-structured problems simple. Complexity is clearly related to structure, though it is a sufficiently independent factor to warrant consideration (Mayer, 1992; Smith, 1991).


Problems vary in terms of how they are perceived by the actor. They require the actor to sift and clarify important from irrelevant information and construct a problem space for generating solutions.  An important issue in problem representation is its fidelity. Is the problem represented in its natural complexity and modality, or is it filtered when simulated by time and political considerations? Does the actor have the luxury of solving the problem while at leisure or must the actor solve the problem immediately and without time for reflection? What levels of cooperation or competition are represented in the political nature of the problem?  (Sweller, 1988) 


Mayer and Wittrock (1996) refer to the routine and non-routine aspects of the problem. Routineness is endemic to the actor and not the nature of the problem itself. Although familiarity with a type of problem will facilitate solving similar problems, that skill seldom transfers to other kinds of problems or even the same kind of problem represented in another way (Gick & Holyoak, 1983).  Danger of routine, especially among experts, is that the automaticity of their solution-generation processes rules out their ability to reflect on and articulate the reasoning they use in solving problems. Automatic ought to make expert performance “rigid” because routine well-practiced procedure is no longer accessible to consensus. Although automaticity can indeed lead to errors in certain conditions, experts would not be experts if they could not use knowledge flexibility. Hatano and Inagaki (1986) have distinguished between routine expertise, which refers to the schema-based knowledge experts use to solve standard familiar problems efficiently and adaptive expertise that permits experts to use their knowledge flexibly by allowing them to find ad hoc solutions to non-standard unfamiliar problems. 


Often in the attempt to solve a single problem, new problems will emerge. A problem loop can manifest itself, in which increasing problems can be interpreted as “increasing the importance of the same problem” or “creating new problems.” In this circumstance, “the more actions we implement, the more problems we get,” this becomes a vicious circle of cause and effect, which is sometimes also known as the snowball effect (Lazare, 2001). As more actions are taken and fewer problems occur, a virtuous circle of events is evident. In this circumstance, actions implemented for solving one urban problem can help to solve other problems or at least diminish their acuteness. Through the use of collaborative software embedded in an OPDSS, the OPDSS may aid in finding solutions. These solutions or actions may be are able to solve several problems either directly, simultaneously or at a later date through mutual awareness and shared resources which allow a group of actors to envision the  “big picture.” 


It then follows that the final issue in the definition of problems relates to whether the problem is being solved by an individual or a group of people. One of the most important elements of problem-solving success is the application of an appropriate problem schema. That is, has the actor constructed an adequate mental model of the problem and the system in which the problem occurs? A good conceptual model of the problem system, along with the strategic knowledge to generate appropriate solutions and the procedural knowledge to carry them out, will result in more successful problem solutions. When complex problems are solved by groups of people, sharing a similar mental model of the problem and the problem system will facilitate solutions.  When mental models are dissonant, more problems occur. So, team mental models must be constructed so that the members of the group are working with similar conceptions of the problem, its states, and solutions. These group models may be arrived at through compromise determined by weighting or voting exercises.

Nature of Decisions


Decisions aid in the resolution of problems. There are a number of ways in which the problem can be classified. One way is to look at the types of solutions that are required. For the purpose of this paper, problems are classified according to:


1. The prior knowledge required to solve the problem


2. The nature of the goal involved


3. The complexity of the problem


4. Whether the problem tells you everything you need to know to solve the problem or whether you need to work the complexities of the problem out for yourself as to what you are supposed to do


5. Whether the problem is identical to a problem one has solved before


6. Whether the problem needs a lot of working out or whether you could solve the 





problem in one step if you could only think what step that is (Robertson, 2001).


As previously stated, some kinds of problems explicitly state what their goal will look like; some problems are vague or unique. Problems can be well-defined, ill-defined, well-structured or ill-structured, knowledge-rich or knowledge-lean, semantically-rich or semantically-lean. The task is to find a path to that goal. The problem state describes the problem as it stands (initial state), what the situation should be when the problem is solved (the goal state), and exactly what actions one should take to solve it (the operators). The methodology may instruct exactly what actions are not allowed (operator restrictors) (Robertson, 2001). The operators, the actions one should take to solve the problem, require decisions to be made. These decisions need objective criteria by which good decisions may be made. One of the purposes of a Decision Support System is to generate the objective criteria that aids in making the decision. Before designing a problem solving system, one should take an inventory of the spectrum of problems that may need to be solved. This inventory may be categorized by a formal taxonomy of problems (well-defined, semantically lean, wicked, etc.) and addressed by the best way to solve them (intuition, backward chaining, dialog mapping, etc.). Once this background work has been completed, the parameters of a software solution many be formulated.


In making important decisions, any information sources that contain relevant, important information are going to be accessed and used if possible. The decision-making actors may use an entire network of information sources and variety of available media. In most cases it is impossible to access all required information, so decisions must be made under circumstances of uncertainty and incomplete information.


Domains that contain significant analytical work have common ground for decision support; they are 

· A problem situation, which requires analysis in line with general strategy and goals

· Assumptions

· Deficit of information and often time

· Certain (usually large) amounts of diverse empiric data, which is chaotic in its nature and has to be processed in some way for relevant facts and findings

· Field knowledge required to extract these facts and findings

· Calculated facts and findings carefully evaluated against wider context - political, social, ethical, and so on. - growing IT support (Skyrius, 2001)


Apart from the needs for data and information and their availability, knowledge possessed or required by the actor is an important part of the decision environment. Data is processed into information, which is evaluated against existing knowledge or stimulates creation of new knowledge in a sense that missing links in the decision model are produced and put in place. The actor has to develop sufficient knowledge on the situation to make confident enough decisions, and that knowledge and not information or data alone is used in decision-making. The knowledge must possess completeness as opposed to fragmented pieces. Completeness is reflected in a decision process where the deciding entity performs an iterative buildup of decision support points toward a sufficient set to make a decision (Skyrius, 2001). The knowledge used to support decisions has to be presented in the easiest, most comprehensive format. 


Planners have always sought tools to enhance their analytical, problem-solving, and decision-making capabilities (Mandelbaum, 1996). Actors involved in the urban planning process need tools and information to assess the physical and social challenges encountered in the urban planning process. In many urban planning issues, there is not an adequate base of information for decision-making.  The Urban Planning process would benefit from a body of knowledge easily accessed from a relational database, a method to disseminate that knowledge, and tools to apply that knowledge to the decision-making process. Information technology of this sort is necessary for informed decision-making in contemporary situations involving the community, the political process, and the environment.  The first step toward this end is knowledge assembly. Knowledge assembly is the ability to collect and evaluate both fact and opinion, ideally without bias (Glister, 1997).


Knowledge comes in two basic varieties: tacit knowledge, which is informal and uncodified, and explicit knowledge, which is formal and codified. Explicit knowledge comes in the form of books, databases, and other types of documents that are easy to gather and store. The tacit, uncodified type of knowledge is found in the heads of actors and experts and is difficult to gather. Tacit knowledge is hard to catalogue, highly experiential, difficult to document in any detail, and transitory. Both types of knowledge are important (Nonaka and Takeuchi, 1995).  


The value of knowledge can be realized only when it is disseminated, shared, and used. Knowledge can be packaged in various formats. Some methods focus on the format of the presentation and some on the content of the message. Some use graphics to deliver the message and some use text. Some present the message in listed points or in a summary or abstract. Some present the information in a descriptive and verbose format. Some formats are temporal, short term or long term, others atemporal. Some of these formats have been specifically developed for online dissemination environments; others do not translate well now for the online environment. 


Packaging knowledge after data has been collected, analyses could be developed into an information continuum of sorts where the position of an information format changes as the defining scales of the continuum itself change. The scales could be things like the size of the audience or the volume of the information to be disseminated. Selecting an appropriate information packaging format depends on a number of factors: (a) the problem or issue being addressed, (b) the decision making process, (c) the information user type as well as number of users, (d) the level and/or scale at which the activities are taking place, (e) the intended effect of providing the information, and (f) the medium through which the information is delivered (Srinivas, 2002). All of these issues must be addressed in the creation of the Online Public Decision Support System.


The performance of the actor solving a problem is determined by the actor’s relevant knowledge and its accessibility.  Relevant knowledge serves as the basis upon which an actor analyses a problem, reasons towards a solution, and assesses the appropriateness of this solution.  In successful problem solving, this knowledge is free of domain-specific misconceptions or erroneous beliefs that impede the solutions of less successful solutions (Smith & Good, 1984). Declarative knowledge consists of descriptive properties of the real phenomena as programmed into a database and encoded for retrieval.  In addition to declarative knowledge for conceptual understanding, actors require procedural knowledge, both general and domain specific.  Procedural knowledge consists of knowing what to do, when to do it, and how to do it. Procedural knowledge contains different strategies, heuristics, algorithms, shortcuts, and the constraints under which each can be applied (Smith, 1991). 


The process of decision-making can be supported using information technology. According to Skyrius (2001), information technology should act as: 

· An enhanced instrument for decision search and analysis as high level and knowledge intensive management activities

· A creative stimulation and management-learning tool

· An instrument for reducing biased attitudes as well as insurance against making fatal decisions

· An instrument for maintaining, managing, and developing the explicit part of knowledge on decision making models, situations, scenarios, case studies, etc.
Information Technology to Support Decision-Making


The development of the personal computer has increased the use of computers in both the public and private sectors, and the practical application of theories from different disciplines have resulted in the development of specific information technology applications, which can be grouped under the definition of Computer Based Information Systems (CBIS). Computer Based Information Systems have distinct functional characteristics and have been developed to provide support for specific functions of an organization. For example, Decision Support Systems are developed to provide support to decision-making activities, and Executive Information Systems focus on supplying information to executives. Executive Information Systems can be adapted to supplying public sector information to dominant actors. A plethora of commercial computer-based systems have been developed, each with its own self-promoting buzz phrases to differentiate it from all others in the market. This makes the taxometric definition difficult. In this paper two ways to categorize information systems are explored, both of which include elements of the other: CBIS and DSS.



Mentzas (1999) has proposed a functional taxonomy of computer-based information systems based on three distinct elements: information process support, decision process support, and communication process support.

· Information process support, i.e. the provision of online support for the extraction, filtering, and tracking of data critical to the organization.
· Decision process support, i.e. the use of information in order to provide intelligent support or reaching decisions on semi-structured or un-structured problems.
· Communication process support, i.e. the provision of support for sharing and exchange of information between multiple users. 

From an analysis of the most-used terms in the literature, Mentzas (1999) identified the following ten types of computer-based information systems:

· Management information systems (MIS)

· Executive information systems (EIS)

· Executive support systems (ESS)

· Group decision support systems (GDSS)

· Electronic meeting systems (EMS)

· Organizational decision support systems (ODSS)

· Expert systems (ES)

· Office information systems (OIS)

· Intelligent organizational information systems (IOIS)

· Decision support systems (DSS)

An Online Public Decision Support System would be a complex entity that could contain any or all of the above systems as separate or integrated modules.

Management Information Systems


Management Information Systems are structured assemblies of resources and procedures necessary to collect, process, and distribute data for use in decision-making. Management Information Systems are designed to improve efficiency by reducing costs and replacing clerical personnel. The relevance of MIS to decision-making is limited to providing reports and access to data. According to Keen and Scott-Morton (1978), the main area of impact of Management Information Systems on organizations refers to structured tasks where standard operating procedures, decision rules, and information flows can be reliably predefined. 

Executive Information Systems


An Executive Information System is a computer-based information system that provides executives with access to internal and external information that is germane to their management activities. EIS provide access to a single database where all current financial and operational data reside. The Executive Information System monitors the decision environment and evaluates the captured information for such traits as strength, weakness, opportunities, and trends (SWOT analysis), and submit timely analyses to top-level managers. Executive Information Systems typically include drill down analysis capabilities (the incremental examination of data at different levels of details), trend analysis, exception reporting, graphics, extraction, filtering, compressing and tracking critical data, and providing online status access. EIS’s are user-friendly and requiring minimal or no training for the executives who use them.  EIS’s involve extensive consolidations, drill down queries, and so on, which can take a lot of time in comparison to traditional, query technology using relational databases.


As relational databases cannot deal with these queries in a timely manner, EIS systems are designed to do so using a Multi-Dimensional Database.  A Multi-Dimensional Database sits above the operational database and is loaded from below with data. The MDDB summarizes this data through the process of aggregation and stores it in a hierarchical format to service complex queries in a timely fashion  (Shiffer, 2002b).

Executive Support Systems


Both the terms EIS and ESS (Executive Support Systems) appear in the literature. According to Rockart and De Long (1988), an Executive Support System refers to a system with a broader set of capabilities that an Executive Information System. These broader capabilities include support for electronic communications (e.g., e-mail, computer conferencing and word processing, etc); data analysis capabilities (e.g., spreadsheets, query languages, etc); and organizing tools (e.g., electronic calendars, etc). Executive Support Systems sustain management information and communication-process support.

Group Decision Support Systems


Under different names such as groupware, Computer Supported Cooperative Work (CSCW) co-operative information systems and participatory design, the Group Decision Support System (GDSS) technology allows different actors to work together with the assistance of computers.  


The characteristics of a Group Decision Support Systems can be summarized as follows:  the goal of a GDSS is to support groups of decision-makers in improving the decision-making process. A GDSS should be user-friendly, with varying levels of knowledge regarding computing and decision support, and should be designed to give confidence to activities such as idea generation, conflict resolution, and freedom of expression.  Operationally this means increasing the speed at which decisions are reached without reducing the quality of resulting decisions and enhancing the value of those decisions Turban and Aronson 1998).


Groupware, according to Coleman and Khanna (1995), “…is an umbrella term for the technologies that support person-to-person collaboration; groupware can be anything from e-mail to electronic meeting systems to workflow” (p. 3). Along with supporting information access to several persons, groupware can radically change the dynamics of group interactions by improving communications, by structuring and focusing on problem-solving efforts, and by establishing and maintaining an alignment between personal and group goals. For example, Shaw (1981) concluded that groups produce more and better solutions to problems than do individuals, particularly on tasks requiring sound judgments.


Computer Supported Cooperative Work combines the awareness of the way people work in groups with the enabling technologies of networked computers. The key concerns of CSCW are group awareness, multi-user interfaces, concurrency control, communication and coordination within the group, shared information space, and the support of an open environment which integrates with single user applications (Applied Informatics and Distributed Systems Group, 2002).   A co-operative information system consists of a multidimensional database storing all information necessary to support collective work, with a central database connected to several local databases.  Whereas the local databases store information necessary for end users, the central database goal is to store common information for comprehensive project management.


Mentzas (1993a) has identified the following options in the design and development of group systems: specification and implementation of coordination; use of synchronous and asynchronous working phases, information exchange and information sharing, support of sequential and concurrent processing, support of negotiation and conflict resolution, support of analytical modeling, and description of the organizational environment. 


DeSanctis and Gallupe (1987) identify three levels of multi-actor decision-making support based on the scale of support provided to the group. Level 1 systems provide technical functionality aimed at eliminating communication barriers and facilitating information exchange. Level two systems provide decision modeling and group decision process facilitation tools aimed at decreasing ambiguity. Level 3 systems provide normative, prescriptive intervention in group processes via structured group process tools, filtering and structuring of information or communication, and expert systems that perform group roles and functions or advise group leaders/members when appropriate rules are not followed. 


Urban planning is a task requiring several actors to collaborate in order to design a plan, including maps and written statements. Until recently, computers were used mainly for cartographic purposes or as databases (Laurini and Thompson, 1992).

Electronic Meeting Systems


Electronic Meeting Systems (EMS) provide an information systems infrastructure to support the work of participants in groups, according to Martz et al. (1992) and Nunamaker et al. (1991). According to McLeod and Liker (1992), the main features of Electronic Meeting Systems are the following: parallel communications (the ability of group members to input and receive ideas simultaneously); anonymous communication (i.e. that group members are not able to attribute ownership to any ideas); shared software; shared view; decision tools (which refers to software that is designed to support a particular decision task); process tools (software specifically intended to include a particular approach to working on a group's task). The last two features are expected to be found in GDSS (high-structure environments) rather than in EMS (low-structure environments).


Martz et al. (1992) give an example of the tools bundled in an EMS, which include: electronic brainstorming (designed to assist the activity of idea generation by a group); issue analysis (participants identify, edit, and rank a list of focus items in a session); voting procedures (allows a facilitator to initiate a ballot for anonymous voting by the individual participants); and proposal formulation (helps bring a group to agreement on nomenclature and wording for the planning problem domain).

Organizational Decision Support Systems


Organizational tasks or activities that affect several organizational units are the focus of Organizational Decision Support Systems (ODSS). These systems support actors from different groups and provide information, which is used across multiple independent activities or decisions (Carter et al. 1992). These systems extend the concepts used in DSS and GDSS to cover organizational setting. George et al. (1992) have identified three emerging changes in organizational structures - - downsizing, focus on teams, and outsourcing - - and have proposed different architectures for ODSS, each of which is tailored to one of the changes in structure. Architectures are based on five types of information technology: communication; coordination; filtering; decision-making; and monitoring technologies.

Expert Systems


Expert systems (ES) are defined as systems that embody knowledge, suggest intelligent advice, or make intelligent decisions about a processing function (Edwards, 1992). The major issue in expert systems is that they "replace" the human expert by embodying their expertise within an electronic expert. The development of expert systems is different from that of conventional systems because standard programs deal with problems that have already been solved. Standard programs try to change known procedures or algorithms into code in an efficient manner, while Expert Systems determine and encode expert knowledge, based upon knowledge acquisition with repeated interviews of human experts (Williams, 1986).


The establishment of expert systems goes together with the use of artificial intelligence techniques that refer to knowledge acquisition, knowledge structuring, inference mechanisms, search strategies, symbolic representation, and truth maintenance.


Partridge (1987) claimed that the major assumptions upon which expert systems rest are the fact that necessary knowledge can be represented as a collection of more or less independent rules, and that intelligent-decision making can be put into practice as a logical, truth-derivation mechanism. These suppositions are true in domains of abstract, technical expertise, such as mathematics, geology, and chemistry, configuring computer systems, medical diagnoses, game playing, and puzzle-solving. However, these suppositions are weak in the following domains: natural language processing, intelligent tutoring, self-explanation of behavior, and robotics. In addition, knowledge in Expert Systems is static; learning, adaptation, and uncertainty mechanisms are not always included.


Expert Systems are now an issue that has evolved from networked computer use. Experts predict that “knowledge bases,” which store expertise and information reasoning along with more conventional forms of data, will become as common as the ordinary database. Essentially, expert systems seek to incorporate the judgments of  the experienced into the software in order to facilitate decision-making (Spinello, 1995).


Expert systems are designed by four groups: the actors (the end user), experts in the subject matter, knowledge engineers, and computer programmers.  The role of the knowledge engineer is to hold discussions with the domain expert in order to extract or mine their knowledge and codify that knowledge. The knowledge engineer’s talent is to pose the right questions in order to understand what knowledge the experts are using and what their ways of reasoning are and then to structure and encode that knowledge and logic. This is information that the programmer can then link into the data structure. One of the definitions of knowledge is to say that knowledge can be broken down into facts and rules. Frequently knowledge is decomposed into the form of if-then rules. These rules are intended to reduce the random search for solutions and guide the program in all probability to the solution to the problem (Spinello, 1995).


Facts can be defined as single events, and rules can be many kinds of statements. These are statements that establish a regulation, process,  method, standard, principle, code of conduct, law, procedure, or ordinance.  Based on this representation of knowledge (facts and rules), expert systems are a standard way of programming. In an expert system, knowledge is reorganized, with scores of different pieces, in order to constitute a type of “program.” Expert “rules” model behavior or functions and “facts” describe single values such as basic information or events. Therefore, an expert system is an integration of a set of rules and a set of facts together with an inference engine. The three parts are

· The core of the expert system itself

· A module for knowledge acquisition

· A module interfacing the core with the user

(Laurini, 2001, pp. 149-151)


Different categories of knowledge come from different human or automatic experts. When a new chunk of knowledge is integrated into the knowledge base, some verification is performed in order to check whether this chunk is consistent with knowledge already included. For the actor/users benefit, the expert system is equipped with an explanation module in order to help users to understand the result of their acquisition of information from that knowledge base. The core of the expert system is the inference engine linked  to a base of facts and the base of knowledge composed of metarules and expert rules.


The role of the inference engine (Laurini and Thompson, 1992) is to deduce, starting from the input facts, integrating some other facts for either intermediate or final output, using the encoded rules. In other words, the inference engine will intelligently choose formulae in an attempt to infer new facts. While expert systems may be based on logical reasoning, more common are the use of sets of deductions, also called forward chaining, or sets of abductions called backward chaining, by means of transitivity. Forward chaining is the way to test the consequences of some starting situation and is mainly used for ‘what-if’ reasoning. On the other hand, backward chaining is used for diagnosis, to discover the reasons generating the observed situation. In practical applications, sometimes a mixture of forward chaining and backward chaining is necessary.

Office Information Systems


Office Information Systems (OIS) support the document-related, procedural and communication issues of office work (Ellis and Nutt, 1980). Office objects are the standard office elements. Examples of office objects are documents, files, printers, and so on; hence, office objects provide metaphors that represent their actual counterparts in the physical office. Office procedures are considered a set of mappings among office objects; they are routine sequences of operations that are used to control office objects. Office Information systems model the event-driven behavior of office work and are triggered upon completion of some awaited event such as the completion of a form or document. These office tasks are goal-directed and cannot necessarily be encoded into a precise procedure to be followed. Their intention is to model cooperation among many actors within the office, negotiation among actors, confrontation and argumentation, and the abilities to learn and reach goals. Office Information Systems have been modeled to encompass three domains: passive office objects; office procedures; and office tasks; OIS are discussed in detail in Mentzas (1991).

Intelligent Organizational Information Systems


There are two main problems facing all of the above types of systems. First, none of them satisfies in an adequate fashion all the decision-, information-, and communication-related processes of an organization. The second problem of existing systems is that none covers the explicit needs of large-scale organizations; e.g. support of parallel work, intelligent assistance in group communication, negotiation and conflict, distribution of processing and reasoning facilities; techniques for multi-participant planning, organizational learning facilities, and so on. Hence, there is clearly a need for systems that would support a whole spectrum of organizational activities; Mentzas (1993b) has proposed that such a system be called Intelligent Organizational Information Systems. 


The term Intelligent Organizational Information Systems (IOIS) labels the research direction toward systems of intelligent software entities, which are organized in loosely coupled, distributed architecture and include communication, control, and task-sharing facilities, with the addition of advanced modeling capabilities. Intelligent Organizational Information Systems aim to relieve the burdens and assumptions imposed within other types of CBIS. An Online Public Decision Support System would be for the public sector what an IOIS is for the private sector.  

Decision Support Systems


A decision support system is a system under the control of one or more actors that assists the decision-making process by providing an organized set of tools intended to impart structure to portions of the decision-making situation and to improve the ultimate effectiveness of the decision outcome (Marakas, 1999). According to Power (1997), Decision Support Systems (DSS) are computer-based information systems that are designed with the purpose of improving the processes and outcomes of human decisions. Turban and Aronson (1998) describe a decision-support system as supporting:

· Actors for all kinds of real life problems, especially for semi-structured or unstructured situations

· Different kinds of managerial levels

· Individuals as well as groups, specifically co-operative systems

· Sequential or interdependent decisions.

· All phases of the decision-making process: intelligence, design, choice, and  implementation

· A variety of decision-making processes and styles

· Flexibility and adaptability over time

· Friendliness for all kinds of users

· Effectiveness (accuracy, timeliness, quality) rather than efficiency

· Easy construction of new models

·  Modeling and analyzing problems

·  Accessing all kinds of data

 
The Decision Support System is broad in concept, and its definition can depend upon its  specific application. A DSS is flexible in form and can be used in many different ways. For this reason Decision Support System’s are reconsidered, not as part of Mentzas’s (1999) taxonomy of computer-based information systems, but as distinct objects of study in themselves.


The origins of Decision Support Systems come from early work in the areas of organizational decision-making and interactive computer systems during the late 1950s and early 1960s. Keen and Scott (1978) published Decision Support Systems: An Organizational Perspective, which provided a comprehensive orientation to DSS analysis, design, implementation, evaluation, and development. The other classic book on the subject was Bonczek, Holsappe and Whinston’s Foundations of Decision Support Systems (1981), which provided an abstract framework for designing  Decision Support Systems.


In the late 1980s, Executive Information Systems (EIS) and Group Decision Support Systems (GDSS) evolved from single user and model-oriented DSS.  In the early 1990s, data warehousing and Online Analytical Processing (OLAP) began to broaden the field of Decision Support Systems. A data warehouse is a decision support system with an enterprise-wide scope. The subject-oriented information content of online analytical process application is comparable to that of data warehouses but with extensive analytical tools..


Although there are several ways to categorize a DSS, for the purposes of this paper the framework proposed by Daniel Power (2001) will be used. Power’s framework focuses on one major dimension with five generic types of DSS and three secondary dimensions. The primary dimension is the dominant technology component or driver of the decision support system: the secondary dimensions are (a) the targeted actors, (b) the specific purpose of the system and (c) the primary deployment technology. The five generic types are Communication-Driven DSSs, Data-Driven DSSs, Document-Driven DSSs, Knowledge-Driven DSSs and Model-Driven DSSs. Some DSS are best classified as hybrid systems driven by more than one major DSS component.


Communications-Driven DSS allows two or more people to communicate with each other, share information, and coordinate their activities and working on a shared task. Technology emphasizing collaboration between urban planners, local politicians, and residents has a high value for reduction and resolution of conflicts. A Communications-Driven DSS emphasizes communications, collaboration, and shared decision-making support and includes simple bulletin boards, web conferencing, document sharing, e-mail, computer supported face-to-face meeting software, and interactive video. The Communications-Driven DSS is categorized according to a time/location matrix using the distinction between same time (synchronous) and different times (asynchronous) and that between same place (face to face) and different (distributed). A Group Decision Support System  (GDSS) is a hybrid Communications Decision Support System that emphasizes the use of both communications and decision models. As previously mentioned, a Group Decision Support System is an interactive computer-based system intended to facilitate the solution of problems by decision-makers working together as a group. Another common Communications Decision Support System, Groupware, supports electronic communication, scheduling, document sharing and other group productivity and decision support enhancing activities. Groupware can include a number of technologies such as two-way interactive video, white boards, bulletin boards and, email (Powers, 2001b). 


Data-Driven Decision Support Systems emphasize access to and manipulation of a time series of internal data and sometimes-external data. Data-Driven DSS include file drawer and management reporting systems, data warehousing and analysis systems, Executive Information Systems, and Spatial Decision Support Systems. Data-Driven DSS emphasizes access to and manipulation of time series from an internal or external database source. Actors can access data by query and retrieval tools for further synthesis and analysis. Data warehouse systems allow the manipulation of data by computerized tools tailored to a specific task and setting, or by tools that are more general and operators who provide functionality. Data-Driven DSS with Online Analytical Processing (OLAP) provide the highest level of  decision support by linking the analysis with large collections of historic data (Dhar and Stein, 1997).


Document-Driven DSS manage, retrieve, and manipulate unstructured information in a variety of electronic formats.  Document-Driven DSS (also known as Knowledge Management Systems) integrates a variety of storage and processing technologies to provide actors document retrieval and analysis. The Internet provides access to large document databases including databases of hypertext documents, images, sounds, and video. The Internet search engine is a powerful decision-aiding tool associated with a Document-Driven DSS (Fedorowicz, 1993).
Knowledge-Driven DSS provide specialized problem solving expertise stored as facts, rules, and procedures or in analogous structures.  Knowledge-Driven DSS is an expert or rule-based system where facts, rules, information and procedures are organized into schemas that allow for effective decision-making. Knowledge-Driven DSS suggest or recommend actions for actors and are often referred to as expert type of DSS. These DSS are person-computer systems with specialized problem-solver expertise. The expertise consists of knowledge about a particular domain, understanding of problems within that domain, and skill at solving some of these problems. A related concept is data mining. It refers to a class of analytical applications that search for hidden patterns in a database. Data mining is the process of sifting through large amounts of data to produce data content relationships (Powers, 2001b).


Model-Driven DSS emphasizes access to and manipulation of a statistical, financial, optimization or simulation model. Model-Driven DSS use data and parameters provided by domain experts to aid actors in analyzing a situation, but they are not necessarily data intensive. Model-Driven Decision Support Systems include systems that use accounting and financial models, representation models, and optimization models. Model-Driven DSS emphasizes access to and manipulation of a model, and generally requires input data from the actor to aid in analyzing a situation. Simple statistical and analytical tools provide the most elementary level of functionality. Some OLAP systems allow complex analysis of data  and can be classified as hybrid DSS systems that  provide modeling, data retrieval, and data summarization to aid them in analyzing a situation, but they are not data intensive (Power, 2001b).


Winograd and Flores (1986) discuss some of the issues relevant to the use of decision support system, such as a) orientation to choosing; b) assumption of relevance to the decision to be made; c) unintended transfer of power to programmers, software designers and analysts; d) unanticipated effects, desirable and undesirable; e) obscuring responsibility in interpreting the machine as making commitments; and f) false belief in objectivity. This also includes the assumption that the designer of the system understands the intricacies and political nature of the planning process. 


An Internet-based Decision Support System is a computerized system that delivers decision support information to actors using a “thin-client” web browser. The web-based DSS is hosted on a computer with web server software like Apache WWW server software. The computer server is linked to the actor’s computer by a network with the TCP/IP protocol.  The World Wide Web uses universal resource locators (URLs), hypertext transmission protocol (HTTP), and search engines to facilitate information archiving, retrieval, and management. The efficient use of computers, bandwidth and user-friendly nature of graphic user interface (GUI) contributes much to its usability. Most web-based DSS support a three or four tier architecture in which a web browser sends hypertext mark up language (HTML) requests using the hypertext transfer protocol (HTTP) to a web server. The web server processes these requests using a Common Gateway Interface (CGI). The script handles model processing Structured Query Language generation, post SQL processing, and HTML formatting. This application server then sends requests to a modeling program or database server. Web-based DSS are available seven days a week and 24 hours a day, and actors have different needs.  It is important that Internet architectures handle a large number of concurrent requests while maintaining consistent response times as the number of users and volume of data changes (Power, 2000).


Different authors identify different components of a DSS. For example, Sage (1991) identifies three fundamental components of DSSs: Data Base Management System, Model Base Management System, and Dialog Generation and Management System. 


According to Power (2000), DSS Architecture traditionally is composed of these four major components: a) the user interface, b) the database, c) the models and analytical tools and d) the DSS architecture. The DSS architecture and network design component refers to how hardware is organized, how software and data are distributed in the system, and how components of the system are integrated and connected.


According to Laurini (2001), the main components of a decision support system for urban planning include

· The acquisition of strategic information, information coming from the steering subsystem, together with acquisition of information about the territory under control

· The acquisition of information about the system to control, information coming from the controlled systems by means of any kind of acquisition techniques or measuring instruments

· A model of the controlled system in order to project or forecast evolution; by projection, we mean that it is the continuation of the past, all things being equal; if some parameters or assumptions are charged, one speaks about alternatives and forecasting.

· Modules of what-if models for data analysis and system simulation; the role of this component is to study the data of the past in order to find some regularities for constructing the model; when some performance indices exist, it is possible to evaluate and compare the effects of the simulated alternatives

· Visualization of the results; for any alternatives, the main variables can be displayed in order to compare them visually

· Action plans; i.e. when an alternative is selected, some action plans must be drawn up and implemented.                                                              


Decision support systems for urban decision-making have been proposed based  upon operations research by Sui (1998).  An operation research-based DSS has three main elements that interact in the decision making process: (a) the dominant actors (possibly in conflict with each other), (b) the territory under control and (c) the decision support system. In an operation research-based DSS, actors using a computer model of the city can manipulate different scenarios of how the city might evolve and track their decision-making process through the creation of metadata. When stimulation evolution looks satisfactory or group consensus can be agreed upon, a comprehensive plan of action can be generated.


Decision support systems are designed to deal with ill-structured or semi-structured problems, where criteria for making decisions are difficult to define. When decision-makers need additional information on cumulative impacts from past developments in order to define new criteria they can use a DSS to  generate a series of decision alternatives for comparison and evaluation of different objectives. The data from which these alternatives may be drawn is often held in a data warehouse managed by metadata. Metadata to document the data used to base decisions is important, as is metadata to document the process. Similar for planning data, metadata can be classified along some basic criteria. Devlin (1997) distinguishes three types of metadata:

1. Built time metadata is the metadata created and used in the process of application and  database design and construction. Built time metadata is stable in comparison to the urban plan it describes. In general, built time metadata will only change when the overall structure of its implementation in applications changes.

2. Control metadata refers to metadata that is actively used to manage and control the operations of the database or the data warehouse. Two kinds of control metadata are essential in managing and using a data warehouse time sensitive or “currency metadata” and utilization metadata. Currency metadata describes the actual information about the timeliness of planning data, such as timestamps. Utilization metadata is most closely associated with security and authorization functions used to control access to the data warehouse.

3. Usage metadata is the most important type of metadata for the informational environment because it is structured to support the use and understanding of planning data for supporting end users Four levels exist:

(a)   Meaning of the planning data

(b) Ownership and stewardship

(c)   Data structure

(d) Applied aspects


For manipulation, metadata must be organized very clearly. For each data item, one must collect the definition, the documentation, and the way it was created. Several methods to accomplish this are possible. One is to create a dictionary of all data items, a data dictionary or classification register when it is a sort of linear list. Another possibility is to confer metadata onto the structure in a manner similar to that of a conventional database. 


Another important element of the decision support system includes methods to account for and display error and uncertainty (Interagency Group on Decision Support for Land, Natural Resources, and Environment, 1998). Metadata provides the most straightforward means to provide information about error and uncertainty and, to assist actors in evaluating data sets for “fit of use.” Decision Support Systems have the potential to provide more active incorporation of metadata into the decision-making process.

Geographic Information Systems


Maps have a long history of being used to support decision-making for navigators, military planners, and explorers. For centuries, maps were considered as a medium for both storing and representing geographic and spatial information. Decisions dealing with the spatial aspects of the urban environment are fundamental to urban planning and to the design of information systems for urban planning.  Maps are the most common tool used in spatial decision-making, and computerized mapping systems known as Geographic Information Systems logically form a major subsystem of an Online Public Decision Support System. A Geographic Information System is currently one of the basic building blocks of an urban planning information system. 


As an information management tool, GIS entered into urban planning and management in the 1970s. Because of cost and technical limitations, GIS was used as a project specific tool intended to deal with map-based physical applications such as tax mapping or inventorying of utility networks running on mainframe type computers. As GIS evolved, the project specific GIS applications moved from the mainframe to the desktop, and the map based databases to the agency server (Coiner, 1998). 


Because of the power of Geographic Information Systems to integrate different types of data in a spatial context, it can be viewed as an essential tool for making decisions that have a spatial component. GIS also provides a framework for structuring data into information needed to make a decision. Geographic Information Systems are currently used to generate, manipulate, and manage information about urban planning projects.


A map is a hybrid document comprising both information and communication aspects and, therefore, maps are used to integrate connectivity and computing software. The use of information in decision-making frequently involves recollections about the past, descriptions of the present, and speculation about the future. GIS can be used in combination with historical data to help recollection about characteristics by providing means of juxtaposing maps with such information as demographic data, property values, and other generalized data. Maps can be descriptive terrain maps, intelligent maps whose design is adapted to actor’s abilities (novice or expert) and the actor’s level of information needs, interactive maps where actors can manipulate the graphical and thematic appearance of the map on the fly, self-organizing retrieval maps that can display data or document files by querying map features, or navigation hypermaps hyperlinked to other maps and multimedia documents (Laurini, 2001b).


Three maps that are specific to spatial planning and emphasize discussion and cooperation feature:

· Argumentation maps that concurrently visualize the topography of a planning problem to a discussion, which turns around the representation area. Topographic and discussion space shall both be navigable

· Annotation maps, wherein users may add graphical or textual comments to a draft map

· Alternative maps, where skilled users can manipulate the contents of a map by modifying geographical features to visualize their favorite planning solution (Rinner, 1998). 


The core of a GIS is a relational database management system, a geographic database to store graphic and non-graphic data, which is regularly updated, scaleable, and having a transferable data set. GIS relies on the integration of three areas of computer technology: a geographic database with a subsystem for geographical data acquisition, a subsystem for cartographic presentation to depict, graph and plot geographic information, and a subsystem with spatial analysis capabilities to facilitate manipulation and spatial analysis (Zeiler, 1999).


While maps are designed primarily to transfer knowledge from an actor to a number of actors, a map can also be used to help actors think spatially or visualize. This is the difference between cartographic communications and cartographic visualization. Computer screens act as a visual interface, allowing maps to be used as the point of entry into any information systems and information updates immediately displayed.  The role of maps and more generally of visualization techniques as inputs to computer systems is increasingly important.  With a computer screen as output, visualization is not only cartographic output but it can also be used as input to databases and for navigating through databases.  For years, visualization in urban planning was essentially performed for the delivering of maps to the dominant actors, mainly in the form of paper sheets. Changes to the information on the map took a great deal of time to input, and display required reprinting the map,  an expensive and time-consuming process. Visualization is an attempt to better utilize the mental imaging capabilities of actors. The objective visualization through the use  of cartographic animation is to visualize a phenomenon that would not be apparent if the maps were viewed individually.  Temporal animations can be created, where occurrence of time can be accelerated, decelerated, or replayed using an animated map. Non-temporal animations can depict changes caused by other variables and can depict simulated fly-through or walk-through of landscapes or buildings, or hyperlinks to multimedia information (Peterson, 2002).


Most applications of  maps are strategic. New tactical applications for maps such as police work require the use of animated maps, possibly with real time sensor-driven input.  This need is obvious in monitoring systems as well as informing teams for crisis management where rapid decisions must be taken and in which space and location play an important role in real time tactical management.  These maps are characterized by the following elements:

· Information is captured by sensors and sent according to various telecommunications techniques to a central computer, which is in charge of interpretation and visualization

· The speed of data acquisition varies according to the applications, spanning from one second, or perhaps less, to several days

· From each information sensor, procedures are triggered and visualization is performed with a more or less sophisticated scheme

· Visualization is thus animated in real time

· If necessary, one can “replay” the past in order to capture more easily the evolution

· In some cases, it can be of interest to accelerate or decelerate the time when carrying out, for instance, what-if simulations (Laurini 2001, p 194).


Organizations or agencies ready to engage in sharing resources undertake enterprise-wide information systems. In order to accomplish this sort of enterprise, the systems must become federated or united for common objectives. Enterprise GISs allow many agencies to share GIS resources using LAN/WAN technology. An Enterprise GIS minimizes redundancy of inventory and survey, imposes government-wide standards, introduces interagency data-sharing, and makes effective use of GIS personnel by sharing interagency GIS resources (Coiner, 1998). 


A federated GIS is a collection of diverse GIS that collectively act as a single source for geographic information. Sharing spatial data between GIS is cheaper than the duplicate acquisition of data sets. In GISs where data sets share the same schema they are said to be heterogeneous, and transfer of data is no problem. Users of a federation of heterogeneous GIS systems could be a number of municipal or township GIS systems linked together by the Internet. A federation of GIS users makes sense when they share concerns such as natural or technological risks, street repairs, environmental monitoring, and navigation. Federating GIS  lowers the cost of data reacquisition and updating for the participants. Federating  requires agreement for splitting up responsibilities to achieve a basic level of interoperability wherein each organization is responsible for updating its own information and sharing it. This will depend upon metadata and setting metadata standardization to successfully interoperate and data share. This can be difficult because metadata is stored in different databases, such as directories, databases and files. The preferred approach to data sharing is using metadata to describe the semantics of the data sets. This can be done with directory systems or ontologies. Federation will require defining a complete ontology of geographic features and it will use ontological inferences to determine relevant data repositories and translate requests into the local query languages of the relevant data repositories. This geographic schema integration, based on ontology-based interoperability, will make GIS federation possible. GIS interoperability is important for all applications, increasing the importance of the ontology approach. It can be predicted that stand-alone GIS will become rare, in the near future, and the federated open system GIS consortiums based upon standardized platforms will become the norm (Ramroop and Pascoe, 1999).


Querying a search engine on the World Wide Web can typically generate thousands of data “hits” on web pages, an overwhelming amount of information, which may or may not be related to the subject. The GIS dataset is more complicated because of the size of the dataset and the time required to load the information to display; it may take much longer to find a piece of data. Therefore, an intelligent search engine is needed to filter out some unwanted information before it reaches the users. This intelligent search engine is called “intelligent agent” or “Daemon.” The building of an intelligent agent is a combination of computer network, universal resource locator, data organization and indexing, and artificial intelligence. An intelligent agent is an autonomous computer program that has a specific function and responds to specific events based on predefined knowledge rules or user-designated instructions, either alone or working with other agents to achieve some goal (Sasikumar & Prakash, 2001).


Metadata enables “intelligent agents” to operate in distributed heterogeneous computer environments; by interpreting, filtering, and converting information automatically, agents help decision-makers access information for decisions more easily. These Daemons help users access distributed data objects and GIS components on heterogeneous GIS platforms across the Internet by automatically.  An intelligent agent should be task able, capable to take direction from actors and other intelligent agents, network-centric, distributed and self organized, persistent, trustworthy, collaborative, flexible, and to adjustable to actors’ changing needs and task environments. Using metadata, an intelligent agent can link heterogeneous information systems and translate different data types and models for different GIS tasks. This is especially true in open systems. Open systems are systems where the structure can change dynamically according to the requirements of the environment. Web-based systems are an unpredictable collection of entities that need an interface mechanism based on cooperation and negotiation. As problems become more complex, where data, control, expertise, or resources are distributed and where the system are viewed as a number of autonomous entities interacting, intelligent agents may become essential (Sasikumar & Prakash, 2001). The OPDSS would incorporate Intellegent agents to retrieve data and speed up search processes as an intelligent shortcut.


Hyper maps are click-able maps, human computer interface tools for organizing spatial information and documentation using the Internet. The idea of hyper maps (Kraak and VanDriel, 1997) extends the concept of hyper documents by integrating geographic referencing. Hypermaps use a coordinate-based referencing method through a cartographic system. Spatial referencing of hyper documents features two aspects: spatial referencing of document nodes and spatial referencing of maps and other cartographic documents. To retrieve a spatial document, the basic starting point is a map against which we query by delimiting a region using a mouse. Four types of spatial query are of significance: point, buffer zone, segment, and regional query. So navigating a hyper map must combine these types of query and hyper document examination via reference links. Navigation in hyper maps features two aspects: thematic navigation using hypertext and hypermedia and spatial navigation, which is particular to hyper maps. In order to handle several kinds of user several modes of navigation are implemented. A novice mode is activated when the actor is a newcomer and an expert mode when the actor has a good background in the domain (Laurini, 2001).


During public participation, it is of primary importance that the actors can understand what is being proposed to them and dominant actors and experts (like planners) understand what the actors are proposing. So debate capture and argumentation modeling is an important issue in any participative planning process. Rinner (1999) has proposed argumentation maps (Argumaps) as a linkage between online maps and discussion contributions used in an Internet support system for collaborative spatial decision-making. The representation and storage of geo-referenced arguments in Argumaps advances the utility of online discussion forums and digital plans. Argumaps provide graphical tools for visualizing geo-referenced contributions and for interactively following links between arguments and map objects. Consequently, actors involved in public planning debates have a cartographic index to a discussion that enables them to explore spatial structures in arguments. The quality of planning discussions will benefit from an improved retrieval system and use of available documents. 


The role of geographic information in collaborative spatial decision-making is fully addressed in Carver et al. (1998). Actors participating in decision-making of this type are enabled to explore a spatial problem, experiment with choice alternatives and formulate alternatives. A geographic information system would be a major component of an OPDSS and perhaps the critical difference between an Online Public Decision Support System and an Intelligent Organizational Information System (IOIS).

Issues in E-Government


Current advances in information technology are having a profound effect on the theory and practice of the strategic nature of problem-solving in urban planning and tactical decision-making nature of city management and public administration. Information technology advances can increase the participation of the public in the strategic decision-making process and increase the range of impact of decisions and accessibility for those involved. A dichotomy exists between actors whose concern is running the city (the urban managers) and those whose concern is to change it (the urban planners and political visionaries). The use of Public Decision Support Systems may narrow the division or amalgamate the two fields of urban planning and urban management through the implementation of e-government.


Steins (2002) has identified the ten top applications for e-government as the website, E-mail newsletters, GIS web mapping, animated visualizations delivered through virtual reality simulations, Planning Support Systems, Technology for public participation, Online Planning portals, Content management systems, permitting and zoning systems, and handheld devices.


Time is separate from space as actors in the urban planning process and policy makers (dominant actors) seek instant solutions to long-standing urban problems. These actors in their attempts to solve urban problems struggle with change and evolution in a manner hampered by politics and economic constraints (Laurini, 2001).


The urban planner, the political scientist, the sociologist, and the geographer avoid addressing the partisan issues of the real world by replacing the terminology of partisan politics with scientific terms. Scientific terms are deemed to be value-neutral but contribute to a division between actors and experts. This division in the terminology separates the two groups by not sharing a common terminology for communications. To actors living in communities, reducing their experience to scientific terminology represents a thinly veiled contempt of experts for their problems and reduces their lives to that of experimental subjects. This breeds fear and mistrust that blocks communication channels. An OPDSS must avoid this conflict if it is to be successful using vernacular language and terminology.


According to Laurini (2001) there are several views of urban planning. The first is a systematic view of urban planning that assumes there is a consensus among actors and the process will have of no conflict between actors. This methodology assists the development of a plan at the strategic, tactical, and operational levels.


A second view of urban planning emphasizes sustainable development and maintains that long-term planning is more important than short-term planning. Whereas the lifecycle of an elected actor is short term and their goals are partisan, sustainability must emphasize on  development of long term goals, which benefit the common good. 


A third view is that of conflict resolution; in this view, the plan-making process consists of seeking a solution between actors in conflict. The procedure of plan-making is seen as the search for consensus between conflicting demands despite constant “boiling.”


 A fourth view, pioneered in Europe, is a process that is based upon the participation of the actors who are the membership of residents associations. This public participation process is a variant of the conflict resolution process, the difference being that the main actors involved in the conflict resolution are not dominant actors.


The current urban planning paradigm involves public participation (participative information systems), wherein cooperation means that several actors (urban planners, politicians, resident association spokesmen, etc.) work together for the goals and objectives, and therefore for the same strategic plans. According to Schuler (1996), in order to be efficient, the characteristics of a public participation process should be:

· Community-based, that is, everyone in the whole community/city should be involved

· Reciprocal, that is, any potential “consumer of information” should be a producer as well

· Contribution-based, because forums are based on contributions of participants

· Unrestricted, that is, anyone can offer his participation

· Accessible and inexpensive, that is, the use of the system must be free of charge to everyone

· Modifiable, because of the legislative framework, the planning systems and the software can evolve, and these evolutions must easily be taken into account. 


It is important to a democracy to educate and allow the participation of all the actors in the designing of their environment for the common good. This includes methods like public information meetings, planning charettes, urban plan visualizations, opinion collection and synthesis, information distribution, and two-way communications and access to information.


According to Craig (1998), organizing public participation in a city can have the following objectives:

· To expand the public’s role in defining questions and making decisions in which location or geography have a bearing on the issues addressed

· To increase public participation in the identification, creation, use, and presentation of relevant information in various problem-solving contexts

· To enable wider public involvement of actors in planning, dispute resolution, and decision-making environments through a computer-based public participation process.

More practically, the public can be involved in collaborative planning processes such as public dispute resolution, facility siting/design review, futures, and scenario planning. 


Planning theory is based on two types of rationality: instrumental and communicative rationality. Instrumental (functional) rationality is based on a positivist ideal, which places information gathering and scientific analysis at the core of planning. Instrumental rationality assumes a direct relationship between the information available and quality of decisions based on this information. Communicative (substantive or procedural) rationality focuses on open and inclusive planning process, public participation dialogue, consensus building, and conflict resolution (Innes, 1996). Online Public Decision Support Systems may create applications that transcend the “communicate versus calculate “ dichotomy.


The traditional model of planning is based on the assumption that data are collected and organized periodically for the purposes of planning, and that problems are analyzed and plans developed rationally based upon this data at much the same rate as the cycle of data collection. In theory, urban management supports these wider strategic processes through the frequent monitoring of change and the approval processes. Through the approval process, proposals of change become linked to the goals of the plan. This process should keep the plan on course, although in practice the process is inundated by unplanned difficulties ranging from organizing systems that work on different time scales, to the inability of planners to collect and organize coherent information about the current condition. The role of communicating expert information and advice to policy makers is cumbersome, but the communication of both information and plans to interest groups and the public is usually an organizational failure (Batty in Laurini 2001 pxii).

Design Issues


Laurini (2001) successfully uses system analysis and the theory of the general system to give a framework for analyzing the urban environment and providing tools for solving existing urban problems by means of plans of action. The theory of the general system offers a conceptual framework to understand the role of information systems and offers a useful design methodology.  Urban planning is the implementation of plans created not only to solve identified urban problems, but also to monitor development with the assistance of information systems. 
Van Bertallanfy (1968, p. 2) first hypothesized that a general systems theory as a system “is a complex of objects standing in interactions.” Lemoigne (1977), in his comprehensive research into organizations, describes them as systems that present special characteristics, known as general systems, which are characterized by function, evolution, environment, finality, and structure.

 
“A general system is an object doing something within an environment provided with a permanent structure, able to evolve and generally being given some finality.”

The general system presented here could serve as a conceptual framework and design methodology for an Online Public Decision Support System. 

Table 1 The Model of a City as a General System


Actors learn from one another and use case studies before making decisions, and in this way the system evolves. Using this as an operational definition, the model of the city as a general system would include a steering subsystem, an information subsystem, and a controlled subsystem (Laurini, 2001b).


The steering subsystem’s function is to design and make decisions in order to shape the overall system and move the system in the desired direction. The main components are 

determination of objectives, diagnosis of problems, planning, design, and selection of decision alternatives. The Steering sub system is affected by many entities: dominant actors, partisan associations, corporations, and bureaucrats who are trying to influence the growth of the city. The steering system requires a model, which contains the controlled system, the information system, and the steering system. The “ General System Model of the city” may be considered the mental image of the city that dominant actors have in their heads (Laurini, 2001).


The Controlled subsystem incorporates the elements for which the decision will be made. The Controlled subsystem regroups all physical sectors and sociological phenomena that can be influenced by decisions. These phenomena can include demographics, employment, housing, land use, public services, budget, environment, transportation, and so on (Laurini, 2001).


In general systems theory “everything connects to everything else.” It is important to note that any modification can have consequences on any or all of the other components, resulting in a “vicious circle of events” or a “virtuous cycle of events.” 

The informational subsystem’s function is to compile and reorganize all information necessary for controlling and steering a city. The ideal information system for urban planning must seamlessly integrate the steering subsystem information with the procedures created with the controlled subsystem. The results of the integration must be uniform in relationship with the objectives (Laurini, 2001).


Information coming from the steering subsystems concerns the objectives, alternatives, and criteria for comparing and evaluating alternative solutions. Due to multiple actors who may or may not have divergent interests, it is difficult to seamlessly integrate pieces of information.  The contents of an information system reflect the partisan nature of those who control the systems; there is always a gap in representing interests of the opposing view (Laurini, 2001).


External modeling, where actors define their own subset of the real world defining data in a user friendly form, is the beginning of database design process. In the multimedia world of the PDSS, much data, such as pictures, sketches, and sounds, are not described in words but are described in other forms of digital or analog encoding. Commonly there are as many external models as there are different users.


Conceptual modeling in database design often makes use of a formal approach known as entity-relationship modeling. Entity-relationship modeling is a means to organize and schematize information. Schematizing the information makes it recognizable to a decision-making schema, within a DSS.


In a conceptual model, it is usual to deal with large numbers of entities and associations. The conceptual level’s statement of the complete description of a future database is very useful for discussions among actors in order to audit completeness, correctness, and to precipitate modifications. During the conceptual level actors create a data dictionary, one component of metadata, incorporating the definitions of entities, of relationships and of their attributes. This facilitates discussion between all potential actors, allowing the detection of entities having contradictory definitions or different entities having the same definition (Laurini, 2001).


The achievement of a conceptual model is realized by mapping the conditions of the data model into the definitions, constraints, and procedures of a model. This process is associated in the creation of a data dictionary, which is a set of statements about important properties of the items such as name, type of data, range of values, or missing values (Laurini, 2001).


Metadata plays an important role in structured decisions because it provides documentation for the data sources used to arrive at the decision, and additionally it provides documentation for the process used to arrive at the decision. This documentation is vital in the event that the decision is ever questioned, either from a legal standpoint or from the standpoint of developing a more effective approach to decision-masking. 

The logical modeling of a database using a relational model was first formally examined in 1970 (Codd, 1970). A relation is a connection between entities and in the construction of a database it is an organized gathering of data that falls within defined conditions. While not all tables are relations, all relations are tables, in the formal definition of this structure. A relational database is a collection of connections represented by statements describing the contents and tables, including all the instances of the relations. A relation has a collection of attributes or data items representing some property of an entity about which data are to be stored. 


Early modeling approaches were record-oriented and limited. The current object-oriented approach is a framework for generating models closer to real world features. The ideal is to create a direct correspondence between real world entities and their computer representations. There are three hallmarks of object orientation: polymorphism, encapsulation, and inheritance. Polymorphism means that the scheme of an object class can adapt to variations of objects. Encapsulation means that an object is accessed through a well-defined set of software structures, organized into software interfaces. Inheritance means that an object class can be defined to include the behavior of another object class and have additional behavior. In an object–oriented database context, classification is a mapping of objects or instances to a common type. Objects can be regrouped into classes. Classes are a collection of objects with responsiveness to some computing operations or properties. Actors can distinguish between real world functions such as erosion for landscapes, which could be directly modeled, and functions or behaviors defined only for computer-encoded data, like drawing a polygon (Zeiler, 1999).


Objects are not characterized only by attributes but also by an operation on the data, a procedure that can be applied to a class of objects, referred to as a method. Actors can distinguish between the attributes (declarative knowledge, descriptive properties of the real phenomena as encoded) and the methods (the procedural knowledge, or some information as to what to do with those objects as encoded). In this way actors can identify and emphasize the combination of data and operations that characterize the object-oriented model in contrast to the record-oriented model (Laurini, 2001).


According to Gruber (1993), ontology is a specification of a conceptualization.  Ontology is a description of the concepts and relationships that can exist for an actor or group of actors for enabling knowledge sharing and reuse. Ontologies are equated with taxonomic hierarchies of classes, class definitions, and the sub-relation, but ontologies need not be limited to this form. An ontological commitment is an agreement to use a vocabulary in a way that is coherent and consistent with respect to the theory specified by ontology. Programmers design intelligent agents that commit to ontologies and ontologies that share knowledge with and among these intelligent agents. A common ontology defines the vocabulary with which queries and assertions are exchanged among actors and subsequently computer systems. Actors sharing a vocabulary do not need to share a knowledge base; each knows things the other does not, and an actor who commits to ontology may not be able to answer all queries that can be formulated in the shared vocabulary. In fact, a commitment to a common ontology is a guarantee of consistency, but not completeness, with respect to queries and assertions using the ontologically defined vocabulary.


There is a definite linkage between metaphors and conceptual models. A metaphor implies a model, and a model is not easily grasped without a metaphor. The idea of user interface metaphors became popular as graphic user interface (GUI) using the metaphoric use of desktop items like folders, in-box, and out-box became available. A familiarizing metaphor uses familiar objects and actions as a basis for organizing the corresponding model elements within the system. A metaphor creates a new way of thinking about the structure (HCI Concepts, 2002).


When considering the evolution of technology and cartography, Cartwright (1999) proposed extending the map metaphor using delivered multimedia.  Cartwright created nine metaphors for displaying geographic information.  These metaphors offer access varieties that are complementary to those of maps and are intended to be used in conjunction with maps:

· Storyteller, by which a user is being told about the geography of a designated area, such as its evolution

· Navigator, by offering a tool to assist users in finding where information is located; more particularly this metaphor will give support for users who were not good at interpreting abstract models, including maps

· Guide, when assuming that the user has neither prior knowledge of the area being portrayed, nor the ability to effectively navigate through individual scenes

· Sage, as a metaphor suggests access to expert advice or information that provides support for decision-making or information appreciation; by using hot links, the user can get immediate answers to his interrogations; this metaphor is similar to click able hyper maps

· Data store, by linking to other information about the area under current investigation, without needing to display all of this information

· Fact book, by enabling access to a plethora of facts, both about an area under study and other areas about which comparison might have to be made

· Game player, by offering things such as a map-building game that allows users to learn the grammar of mapping; the goal is not to play the game, but to use gaming skills to explore geographic information

· Theatre, which is based on a stage, players, and a script; the stage is the three-dimensions space (plus time), the players are the things that occur on the stage, or the elements of the landscape, and the script can be written either by the product author or interactively by the user

· Toolbox, by offering a set of tools to users, perhaps to make decisions or to explore information (Cartwright, 1999).

 
Given the issues surrounding an Online Public Decision Support System, how would one physically create such an entity? The model for such could follow the design Ostroski and James (1997) proposed: several modules grouped around the kernel module for decision-making, including the following: 

· Public opinion and awareness Module (POAM)

· Information system (INSYST)

· Education Modules (EDMOS)

· Best Management practices Module (BMPM)

· Modeling 

· Expert system (MEXSY)


Strategies for an OPDSS modeled around specifications suggested by Longstaff (2002) give the flexibility to adopt new strategies as the need for change becomes clear. These strategies should be applied consistently at all levels from local to global:  

· Developers of the system should not presuppose that anything is a scare resource (i.e. bandwidth) that must be allocated by the government of the market. This may be important because some believe that computers will make communications so cheap that it will be virtually cost free. 

· Developers of the system should allow strategies that apply without regard to whether the entity in question is owned by the government or privately. Strategies should include expandability so the system will be sustainable in the light of new technology developments. 

· Developers should centralize governance, avoiding situations where there are two or more sets of regulations for the same service. Developers should allow governments to ensure that similar networked OPDSS are regulated in the same way to ensure fairness. 

· Finally, the developers should seek neutrality. They should not require adherence to any political or economic beliefs or dictate particular outcomes. Policy-makers and business leaders will not and should not make the same choices affecting the development of an OPDSS (Longstaff, 2002).


Finally, the OPDSS should be designed as a ubiquitous computing system. Open systems or ubiquitous computing signifies the ability of multi-platform systems to interact with each other through the interchange of data and functions. If the overall architecture is based on an object-oriented implementation of existing distributed computing systems, then every component of the model can be manipulated as an object. The result is interchangeable software parts that can be implemented to fit specific user needs. Application developers can then create an OPDSS with interchangeable software parts that can be implemented to fit specific user needs including a federated GIS to connect with a consortium of users (Wachowicz, 1999).


It has been shown there are many issues of both the push and pull variety that apply to the creation of the Online Public Decision Support System. Some of the major issues have been presented above. The next chapter will present the research methodology used for this paper. 

