Perspectives on and Prospects forSoftware Agent SystemsShuhua Liu�bo Akademi UniversityInstitute of Advanced Management Systems ResearchLemmink�isenkatu 14, FIN-20520 Turku, FinlandTurku Centre for Computer ScienceTUCS Technical Report No 269April 1999ISBN 952-12-0437-0ISSN 1239-1891

AbstractIn this paper we propose a framework for analyzing the impacts of softwareagent system. The framework is applied to examine the impacts of an agent-based scanning and interpretation system on managers, as users, and on theirscanning process and outcomes. Perspectives around the agent system ared e v e l o p e d . D r a w i n g o n t r e n d s a n d d e v e l o p m e n t s i n I T ( I n f o r m a t i o n Technology) and AI (Artificial Intelligence) fields, we also speculated onprospects for software agents.Keywords: software agents, strategic scanning and interpretation system,impacts, prospectsTUCS Research GroupIAMSR Research Group

11. IntroductionSoftware agents are computational programs that attempt to model and simulate humanmind and human behavior, to become substitutes for human agents. A g e n t s a c t t o accomplish delegated, specialized tasks on behalf of users (Maes, 1994; Wooldridge andJennings, 1995). They participate actively in accomplishing specific missions by takinginitiative autonomously and acting towards reaching certain user-specified or automaticallygenerated goals.Computing programs traditionally depend on users to use them. Software agents make itpossible for the programs to work independent of users� presence and instructions, and todeliver only customized, user-wanted information and service. Conventional programsusually remain dormant until specifically called by user instructions, whereas agents arealways "alive" and ready for action and do not rely on users� explicit action to be activated.They work in background and perform automatic actions at the user-level of abstraction(Maes, 1994; McKie, 1995).Central to the notion of an agent is its autonomous and goal-directed behavior. However,automata are not new concepts. Intelligent machines have existed in fact or fiction forcenturies. The interest in having an agent to do certain tasks for people has always beenthere, and it is in fact regarded as the primary driving force of the agent domain (Minsky,1994; Norman, 1994). The reason why this field is revitalized today is to a large extentattributed to the development of information technology and the increase in computationalpower. In one aspect, applications thought to be impossible to automate in the past arerapidly becoming a possibility; in another aspect, today the widespread computer systemscreate new, extra tasks for people. Computers can do more to help people to exploit mostfrom the computerized systems, and they are also expected to do so because people needhelp to deal with the ever-increasing information overload and work overload.The concept of an agent has been used widely in the computer science literature, though notalways as an entity directly at the user’s service. Agents have great potentiality in a broadrange of applications and people do seem to like to use the agent concept and technology inmore and more contexts. Significant interest in agent research and development can befound scattered across different areas such as AI and mainstream computer science, robotics,software development, information access and management, network management, andmany others (Riecken, 1994a, 1994b; Wooldridge and Jennings, 1995). In managementstudies, the agent concept has been utilized in designing agent-oriented organizations.Accompanying its fast growing there also arose serious concerns about the impacts ofsoftware agents on people and the society. As Norman described (1994), agents occupy astrange place in the realm of technology - generating fear, fiction, and extravagant claims.�Agents may well have numerous positive contributions to our lives. They can simplify ouruse of computers, allowing us to move away from the complexity of common languages orthe tedium of direct manipulation toward intelligent, agent-guided interaction�. �Agentspromise to hide complexity, to perform actions we could not or would prefer not doourselves�. However agent technology is not problem-free. �...along with the potential

2comes potential danger. ... Along with their benefits and capabilities comes the potential forsocial mischief, for systems that run amok, for a loss of privacy, and for further alienation ofsociety from technology through increasing loss of the sense of control.� (Norman, 1994).Agents (may) make people diminish themselves and start to think of themselves as beinglike the computer, as a consequence of unavoidable psychological algebra. �They (will) startto limit themselves to the categories and procedures represented in the computer, withoutrealizing what has been lost.� (Lanier, 1996).The fact is that, agent technology and applications are still in the early stage of developmentand much of their effects and impacts remain to be explained. To address these concerns, inthis paper we attempt to analyze the impacts of an agent-based environmental scanningsystem which we have developed to help managers in their environmental scanningactivities. We shall first build a framework for analyzing the impacts of software agentsystem. We will then apply the framework to examine how the scanning agent system willaffect managers, as users, and on their scanning process and outcomes. Perspectives aroundthe agent system are developed. Drawing on trends and developments in IT and AI fields,we also speculated on prospects for software agents.2. Conceptual UnderpinningsIn information system studies, Leavitt’s Task-People-Structure-Technology framework(Leavitt, 1965) has been frequently applied to analyze the role of information technology asan agent for organizational changes (Singh et al, 1994). Task, people and structure constitutethe organizational context in which applications of technology happens. Tasks are the reasonfor an organization’s existence. People are the organizational factors responsible forinitiating and implementing changes. Structures are the organizational systems of authority,communication, and workflow. Technologies are problem solving tools. Task, people,structure and technology are highly interdependent; changes in any of them are usuallyaccompanied by changes in one or more of others. The introduction and development oftechnologies in an organization may cause changes in its task, people and structure, or acombination of them (Leavitt, 1965).While Leavitt’s framework formulates a macro-context to understand the organizationalimpacts of information systems, Alter’s information system model presents us a frameworkto study information technology in a micro-context (Figure 1) (Alter, Information Systems:A Managerial Perspective). According to Alter, work practice, people, information andinformation technology constitute an information system, which constantly evolves with thechanges in its components or in the environment. Work practices must continually change tomeet the challenges of the outside world. Work practices determines information needs; theavailability of information determines which work practices are feasible. Work practicesaffect people in the organization, the characteristics of an organization’s people willinfluence work practices.Work practices determines requirements for technology support. People, information needsand information technology must adapt to new work practices. At the same time, theadoption of technology may change work practices, affect people and the way peopleconduct work practices. For instance, the application of information technology impose

3certain structures on the execution of tasks. It may automate a task and replace people toaccomplish the work. It may simply formalize a task by establishing and enforcing methodsand procedures that maintain uniformity and efficiency. Or it may only try to facilitate a taskby providing tools an dinformation which can be used to perform the task more easily(Alter). The use of IT can also greatly speed up the pace of the work practice, which resultsin products being envisioned, developed and distributed much more quickly. As currenttechnology becomes more powerful, it encourages the development of even more powerfultechnologies. These new technologies enable advances in work practices. On the other hand,information technology also brings potential threats and burdens to users, for exampleefforts on learning about new technology, getting used to working with computers,information and work overload, cognitive overload, loss of sense of control, loss of privacy,etc. (Alter, Ackoff, Norman).3. Agent-Based Environmental Scanning SystemAn environmental scanning system involves data acquisition and interpretation as workpractice, managers as scanners and sensemakers, business leads and tidings as the centralinformation content, and a computer system (here an agent system) as the technology tool,as is shown in Figure 2.Figure 1. The Information System Model(Source: Alter, 1996

rk PracticeInformationTechnologyPeopleInformation

4Environmental scanning is the mechanism for an organization to be constantly alertful tothreats and opportunities arising from various environmental forces. The view that seesexternal environment of an organization as one of the major determinants of its strategy iswidely accepted. However the tools to monitor and grasp this important determinant areless developed than demanded. Traditionally the managerial understanding of a businessenvironment has often been characterized by intuitive and fragmented activities. As theenvironment increases in scope, dynamics and complexity, the information to be digestedexplodes. The task of grasping environmental changes becomes increasingly demandingand threatens to exceed human capacity to bear it alone. Often data collected may containrich information of strategic value while at the same time they may present incomplete,inaccurate and sometime conflicting signals that are subject to analysis and interpretation tofigure out their real meanings and to understand their impacts on business. However theanalysis and interpretation is greatly complicated by the enormous quantity of data. Thereis often the risk that there is too little time and too few skilled people for doing the detailedanalysis of data and making sense out of the data, or it is often too costly to follow up thenew information manually and to assure that the data are not outdated by the time someonegets around to analyze them (Bayer and Harter, 1991; Rangaswamy et al, 1991). Thescanning and interpretation task becomes an extremely time-consuming, labor intensiveand knowledge intensive process. The task of identifying all interesting events, givingexplanations as to why those events occurred, grasping their interrelationships andunderstand their impacts on business, will be even more enormous.All these changes in the business environment call for developments in the work practice ofenvironmental scanning, which in turn calls for advances in the scanning technologies.Managers would need powerful information access and management tools to help them tog e t t o t h e information, evaluate the accessed information and extractmeaningful insights from it. In our case, the new technology tool we have developed is asoftware agent based computer system (Liu, 1998a, 1998b, 1998c; Olofsson, 1998).Figure 2. Th e E

n me nt al S can n in g Sy nv ir on me nta l Sc anni ng S Age nts Mana ge r s B us ine s s an d T idi ngs

53.1 Environmental Scanning: the Process and OutcomeEnvironmental scanning is the acquisition of information about events, trends, andrelationships in an organization�s business environment, the knowledge of which will be ofassistance to top executives in identifying and understanding strategic threats andopportunities (Aguilar, 1967). A complete process of environmental scanning encompassesa number of interconnected tasks including (1) look for information. (2) recognize onlythose that are relevant to own business, to classify the chaos of data into structures. (3)understand the identified events, to bring meaning out of observations. (3) discoverplausible relationship and structures (e.g. cause-impact maps). (4) develop frames ofreferences or models for understanding. The central information activity resolves theequivocality of environment information into meaning and action.The scanning process is often evaluated by its efficiency, effectiveness and economics,characterized by a variety of attributes (Aguilar, 1967):Table 1 Attributes of Scanning ProcessProperties. intuitive vs formalized, fragmented vs systematic, occasional vs continuous, rigid vs flexible (adapt to changing information needs). personalizable. customizableRule ofEfficiency. instant feedback. time spent. good source accessibility. types and levels of scanning skills available in the organizationRule ofEffectiveness. scope and magnitue. interests and values of the people who do the scanning. learning effects. results (good or poor): information qualityRule ofEconomics. cost: access to commercial information service, manpower expenses (cost must be weighted against benefits) The direct outcome of the scanning process is information. Information quality is one ofthe indicators for the effectiveness of scanning activity. Information quality is always amultidimensional concept. It is often measured in terms of a set of characteristics (Alter;Singh et al, 1994; Wang et al, 1995; Watson et al, 1995):

6 Table 2 Information Quality Attributes• Value and Relevance: related to the capacity of information for reducing uncertaintyand resolving ambigurity.• Accuracy: the degree to which the information portray what it is supposed to portray.• Reliability: trustworth of the information, related with the credibility of its source.• Age (currentness), Timeliness and Time Span: recent information is often more trustedand valued than older information (depends on what is the purpose for using theinformation).• Completeness or Sufficiency: related with scope of coverage and level of detail or levelof summarization. The scope and coverage of subject matter is important to data quality. Alack of understanding of the mental models of executives translates into inadequateinformation coverage, multiple cues,• Consistency: conformity among information• Format: media and layout, variety in presentation• Understandability: information presented and known in context.• Precision: the fitness of detail of the portray.The quality of the acquired environmental information depends on the design andproduction process involved in generating the information. For example, the value,relevance, accuracy, reliability and consistency of information depends very much on theaccessibility to good sources, availability of scanning skills, interests and values of thepeople who do the scanning.The completeness or sufficiency, age (currentness), timeliness and time span of informationare determined by the scope and magnitue of scanning, time spent on scanning, scanningspeed, which have dependence on whether the process is intuitive or formalized, fragmentedor systematic, occasional or continuous, rigid or flexible. The quality of information is also,of course, generally related to the cost of the scanning process. But high cost does notnaturally guarantee good information quality.3.2 Managers: Mental Models and Cognitive CapacityManagers’ mental models and cognitive efforts are indispensable inputs to the scanningprocess. How data are collected and interpreted, as well as the quality of interpretation andunderstandings always have a dependence on manager’s interest, value, scanning skills andmental models as well as the time and effort managers would like to commit to scanningactivities.A mental model is the representation of belief and knowledge in the head, at conceptuallevel, as interconnected set of understandings and assumptions about the business elements

7and their effecting relationships. It reflects implicit views of what one’s interests andconcerns are, what is important, what demand action and what does not. Managers developsimplified mental models of reality using only a small part of the information available(approximate rationality), combined with prior knowledge, experience, intuition andjudgement (Isenberg, 1985; Durand et al, 1996). Mental models are employed to synthesizedata, make sense out of data. They enable individuals to make inferences and predictions, tounderstand phenomena, to decide what actions to take. New information is understood in theframework of existing mental beliefs and models. The key factors and links of the mentalmodel affect the types of information to be watched, and the types of information used toevaluate the impacts or to interpret the information.Mental models tend to be static during a certain period of time. However, over time with theaccumulation of managerial experience as well as changes in business context it may call forchanges in the models. Imposing new information leads, new understanding of theenvironment, engaging in the scanning process and learning in the process can trigger thechange of existing mental models.planning effort to determine what information to seek and watch, communicating effort,learning effort, etc. Cognitive capacity sets the bound or limit of cognitive effort. Thecognitive effort expenditure in accomplishing tasks is also dependent on the approach used.For example, heuristics can save considerable effort relative to a normative approach whilesacrificing little in terms of accuracy (Johnson and Payne, 1985; Payne et al, 1988;Thorngate, 1980).The theory of bounded rationality and the cost-benefit view of cognition suggest that thejoint objectives of a decision maker are to maximize accuracy (or decision quality) andminimize effort expenditures (Simon, 1965; Payne, 1982). As these objectives oftenconflict, tradeoffs are made between the two. The tradeoff between effort and accuracy islikely to be highly dependent on characteristics of the task. A decision maker whoemphasizes accuracy would be performing a task using all available cognitive resources.effort will be preferred. Other things being equal, decision makers will try to minimize effort(Beach and Mitchell, 1978; March, 1978; Todd and Benbast, 1992). However, often the costand benefit are not so easily and accurately determined, or better outcome does require moreeffort expenditure and "real" tradeoffs have to be made. The research of Todd and Benbast(1992) suggests that decision makers appear to weight effort considerations heavily, attendmore to effort reduction than to accuracy maximization. They tend to place a high value oneffort minimization because feedback on effort is both an immediate and tangible feedbackon accuracy (Todd and Benbast, 1992). In scanning activities, managers need to tradeoffcognitive expenditures with information quality.Table 3 Cognitive ElementsCognitive Structure. mental models. learning effectsCognitive Efforts. effort expenditure: information processing effort, communicating effort, learning effort. cognitive capacity

83.3 The Technology: DSS and Software Agent SystemSupport tools (DSS) are invented to help people to improve decision quality and savedecision effort. More generally, management methods are computerized as technologymeans via DSS to help managers accomplish their management tasks and enhanceproductivity in work performance. The technology means may automate some of the taskspreviously handled by people, structure and formalize methods and procedures foraccomplishing tasks, or supply tools that will facilitate the execution of tasks. In takingdifferent approaches, work practices get structured and influenced to a varying extent.People are also impacted differently.Although DSSs are purported to improve decision quality and save decision effort, they cannot guarantee that decisions be made at a lower level of cognitive cost than they would havewithout the DSSs. In fact, when assisted with a DSS, users’ cognitive effort expenditureoften get expanded because it consists of not only the effort to process informationgenerated by the system but also effort to learn about the system and to use the system.Sometimes, the effort associated with using the tool might overburden the user and inhibittheir additional information processing (Todd and Benbast, 1992), such as in the case wherea DSS is designed only to provide user a basket of tools and the user is left to decide if andhow system capabilities should be employed. When a user is immersed in an information-rich or knowledge-rich environment, he may also be overloaded with heavy cognitiveactivity.The use of support tools will also have influence on users’ cognitive structures ofunderstanding, i.e. the mental models. Rochart and DeLong speculated that, in the long run,the enhanced mental models of the system users may be the most significant effect ofcomputer support to managers (Rochart and DeLong, 1988). Mental models can besignificantly enhanced by looking at the same information from different perspectives,looking at a piece of information in a general picture, validate and test assumptions in news i t u a t i o n s , e x p l o r i n g n e w c a u s e - e f f e c t r e l a t i o n s h i p s , a n d h e l p t o c l a r i f y a m b i g u r i t y relationships (Rochart and DeLong, 1988). Support tools are especially valuable whenmanagers are facing large-size problems. The negative impact of support tools on humancognition may come from underlying psychological effects. That is, support tools may makepeople diminish themselves and start to think of themselves as being like the computer(Lanier, 1996). They (will) start to limit themselves to the categories and proceduresrepresented in the computer, thus lose their vision and creativity.While the traditional DSS literature has emphasized the importance of decision quality(Keen and Scott Morton, 1978), literature in behavioral decision theory has indicated thateffort may be a more important overall consideration in many problem contexts. In settingswhere the decision makers must live with the consequences of the decision, it may be thatthe decision quality becomes a primary concern and increased effort expenditures will resultfrom support tool use. In many other cases, managers will tend to play high priority on effortsaving (Todd ans Benbast, 1992). The software agent approach, as a way of building supportconstructs, emphazises effort saving, flexibility and customizability. Software agents makeit the principal idea behind DSS to look for the best synergy of human skills, experience,creativity and judgement with computerized analytical and inference instruments.

9Agents are purpose or goal-directed. The agent approach suggests task and responsibilitydelegation. In accomplishing their assigned tasks, agents take initiative autonomously anddecide own course of actions dynamically while responding to their environment. Such anapproach simplifies the use of computers, allows users to move away from computingdetails and to focus on more conceptual constructs. Agents promise to hide complexity andto increase efficiency in information processing. The delegation of functions supports usermobility [Etzioni and Weld, 1995, 1996; Maes, 1994; Norman, 1994].An agent system can make things happen proactively as it can operate without depending oninitiative from user. However, the user does have the power and is given the mechanisms toexert control and interference to agent’s performing process. Users can define theirpersonalized profiles or the agent can implicitly learn about users’ needs and preferences, tocustomize its support service to changing requirements. Agent systems are easy to use andare often endowed with powerful computing and information processing capability. Thedisadvantages are that the risks are higher for a loss of privacy, for systems that run amok,and for further alienation of society from technology through increasing loss of sense ofcontrol.To sum up, support tools can be described in terms of such attributes as: structures imposedon tasks, degree of ease of use (related with demanded cognitive effort and learning effortfrom users), feedback and follow up capability, information processing capability, targetproblem size, etc.Table 4 DSS and Software Agent System. structures imposed on work practice. degree of ease of use (related with demanded cognitive effort and learning effort from users). operating and maintenance cost. feedback and follow up speed. information processing capability. problem size. privacy concerns. user’s control over the system. constraints on users

104. Impacts of An Agent Based Scanning and Interpretation System on Managers and Their Strategic Scanning ActivitiesThe discussions in the previous sections on work practice (environmental scanning), people(managers) and technology (DSS and software agents) present a framework (summarized inTable 5) for us to analyze agent-system impacts.As is illustrated in the table, the impacts of an agent-based scanning and interpretationsystem can be examined in terms of its influence on the scanning process, on informationquality, on managers� cognitive effort devoted to scanning, their cognitive structure, theirsense of control over the system and their privacy concerns.By definition, software agent systems tend to acquire more autonomy from users inaccomplishing the tasks. The basic idea behind agent systems determines that they are easyto use, require minimal user training, require reduced cost in system operation andmaintenance. Agents bring speed, productivity, customized service and proactive support toinformation handling and service (Maes, 1994; King and Jones, 1995; King and O�Leary,1996; Turban and Aronson, 1998).

11Table 5 Impact Analysis Framework of Agent Based Scanning SystemThe TechnologyThe Work PracticeAnd PeopleAgent Based Scanning System -the ImpactsDecision Support Systems. structure imposed on work practice. degree of ease of use (related with demanded cognitive effort and learning effort from users). flexibility. feedback and follow up capability. information processing capability. problem size. division of labour between people and the systems. cost for system development, operation and maintenanceSoftware Agents. initiative and autonomy (impose high structure on work practice). easy to learn and use (little user training). reduced operating and maintenance cost. personalizable and customizable (user profile). adaptability to changing information needs. proactive support. large-size, repetitive tasks. fast feedback and easy follow upScanning Process. intuitive vs formalized. fragmented vs systematic. occasional vs continuous. rigid vs flexible. feedback speed. personalizabity and customizability. types and levels of scanning skills available in the organization. interests and values of the people who do the scanning. time spent, speed. follow-up. information recall. scope and magnitue of scanning. good source accessibility. learning effects. cost: access to commercial information service, manpower expensesInformation Quality. value and relevance. accuracy. reliability. age, timeliness, time span. completeness or sufficiency. consistency. format. understandability. precisionScanning Process with Agents. formalized. systematic. continuous. flexible. instant feedback. easily personalizable and customizable. consistency and gradually improving scanning skills. always perform at best possible level. can incorporate changing interests and values of people. faster than human process alone. follow up much easier. information recall accurate and easy. broad coverage in scanning. does not guarantee good source accessibility, but can access to more sources. fast process and fast feedback result in more frequent learning effect, but there is the risk of incorrect learning.. reduced manpower expenses. when access to same sources as huamn process, it may not guarantee the same quality on value and relevance, accuracy, reliability, consistency, understandability. But it can out- perform human in timeliness, age, time span, completeness, and format of information.

12ManagersCognitive Effort. effort expenditures. cognitive capacityCognitive Structure. mental models. learning effectsSense of Control, Privacy Concerns. The system reduces greatly managers’effort expenditures in scanning byoffering a single integrated informationchannel, and do scanning for managers..But the data it presents to managersneed to be carefully controlled so thatit will not use up managers’ coognitivecapacity.. Agent teaching effort is very limited.. enhanced, augmented mental models. explicit representation of mental models inside the agent. accumulative laerning from scanning process and outcome. does not exclude communication channels from managers so preserves their creativity. security mechanisms needs to be carefully designed to protect privacy. leave important control power to userAn agent based environmental scanning system tends to automate the scanning activities andask for little real time user interference. While doing so, because of its capability toincorporate users� perspectives into the system, it would not have to sacrifice flexibility ofthe process, in terms of sources to be consulted, changing interests and concerns, and thenatural mixture of searching, analysis and signal tracking procedures. The scanning processis more formalized and is much faster than the human process. As repetitive work by thesystem does not require much extra cost, constant and systematic search and monitoringeffort as well as information recall would be easily conducted, which ensures that managersget their knowledge about the environment refreshed as frequently as needed. Due to thecomputing efficiency an agent system can have (Gaulbert and Wilson, 1970; Winograd andFlores, 1986), the speed of getting access to the limited, right information gets increased,and the range of environmental elements covered in scanning can be greatly widened whilemanpower is saved. The benefits of agent system would become more significant as thenumber of data sources increases and as the scope of scanning expands.As a personal representative, the agent system forms a medium for direct and flexiblecommunication between managers and data sources, cuts down the need for manyintermediaries acting as information filters (while it does not exclude human communicationchannels from managers) and reduces the flow of documents in the organization. Because ofthe inherent limitation of computer systems (Gaulbert and Wilson, 1970; Winograd andFlores, 1986), when having access to the same data sources as people do, an agent systemm a y n o t g u a r a n t e e t h e s a m e q u a l i t y o n v a l u e a n d r e l e v a n c e , a c c u r a c y , r e l i a b i l i t y , consistency and understandability, especially when it is at the beginning of its operation.However, it could out-perform human in timeliness, age, time span, completeness, andformat of information. As the agent fulfills its responsibilities again and again, and it learnsfrom its own running process and learns about the human scanning process, the informationquality could be improved in terms of value and relevance, accuracy, reliability, consistencyand understandability.

13Although it has always been a hard job to try to implement the human thinking process,especially personal, ad-hoc, creative thinking process, in computer systems, with currenttechnology advances it is quite possible to incorporate people’s knowledge and perspectivesinto the working process of the system so their creativity is preserved. An agent basedscanning system may not have a value system and a thinking mechanism exactly like itshuman counterpart, but managers who work with the agent system can define theirpersonalized profiles, provide knowledge support to the agent and inject creativity into theagent’s scanning process from time to time. The agent is able to assist users in compilingtheir profiles (Olofsson, 1998). It can even be able to induce user profiles by keeping trackof the evolution of his interests and preferences in accomplishing tasks and to maintain adynamic user model (Etzioni and Weld , 1996; Krulwich and Burkey, 1997).The division of labour between the agent system and managers are different from interactivesystems in that, with agent systems it is as if users are providing support to the system ratherthan the system is supporting users. The agent system reduces greatly manager’s effortexpenditures in the scanning process when it automates the automatable part of the task.Managers can simply concentrate on attending to the information brought to them by theagent, supplying the needed knowledge to the agent and giving orders to it. The risk of apossible increase in effort expenditures may come from the agent’s ability to quickly bring alot of information to the manager’s attention if it has not been carefully controlled.Fortunately, managers themselves can have control over the amount of information theywant to attend to. They would not forced to handling all the information the agent presents.They could choose not to, without affecting much of the system’s performance.Managers’ mental models are explicated inside the agent. The explication is guided bytemplates provided by the agent so that it would not result in a heavy demand on the user’scognitive effort. When frequently accessing new information leads, developing newunderstanding of the environment, learning about new business rules and relationships, themanagement assumptions, or mental models would get augmented or enhanced (Rockart andDeLong, 1988).In the environmental scanning system, a user’s sense of control over the scanning processwould seem to be an issue of less concern than privacy issue, as the agent operates as apersonal representative of a manager and contains private information property and sensitivebusiness information, whereas its activity is not under close scrutiny and control by themanager. So security mechanisms would need to be carefully deployed.5. Prospects for Software AgentsIn this Section we speculate on plausible trends for the development of software agents inten years. We first look at developing trends in the underlying technologies (IT, AI) andapplication fields. We then discuss the likely nature of their impact on agent development.

145.1 Trends in IT5.1.1 Hardware, Software, Digitizing, Coordinating, Informatingand InterfacingIn foreseeing the future of information technology, Grover and Segars (1996) emphasizedfour important trends: (1) hardware is evolving in the direction of smaller and morepowerful machines; (2) software is evolving in the direction of user-friendly, modular andflexible platforms; (3) cost of digitizing is approaching 0; (4) cost of coordinating, whichrefers to all costs involved in acquiring and evaluating information, is also approaching 0.Cost of digitizing approaching 0 means that every single piece of information interpreted byour brain through our five senses can be represented in digital form at no cost. The cost ofcoordinating approaching 0 means that there will be a lot of opportunity for innovation incompanies and for securing better services by customers (Grover and Segars, 1996). Thesewill cause further changes in the way of supplying information (informating) and interfacingof software systems. Information supply will be very different from the current "react toneeds and provide" cycle. Smaller but powerful processing technologies that allowi n f o r m a t i o n c o n s u m e r s t o a c c e s s , m a n i p u l a t e a n d c o m m u n i c a t e d i f f e r e n t f o r m s o f information will be needed (Grover and Segars, 1996). At the same time, it is also likely thatinformation itself will contain processing capabilities and become smart data that canrecognize complementary form of data which can be used to form larger informationconstructs useful to information consumer (Grover and Segars, 1996).5.1.2 IT Management - Information Focused CultureMarkus (1996) developed insights into the future of IT management through a hypotheticalcase in which IT recession happened. He speculated that "perhaps the most common new ITmanagement role in the organizations of the future will be IT-use facilitators who workclosely with people to help them learn new tools and discover new work methods". Then,when users became familiar with technology, spent less time dealing with technologyproblems, had reliable system and infrastructure, the focus will move from understandingabout technology to the effective use of information. Computers came to be viewed assimply ways to get things done. Later on in the 21st century (2020) IT will entirely be takenf o r g r a n t e d a s d o e s e l e c t r i c i t y t o d a y ( M a r k u s , 1 9 9 6 ) . O r g a n i z a t i o n s w i l l d e v e l o p information-focused culture. The attention of IT management will be paid to informationconsumers on how to identify users� information needs, how information could be sought,acquired and used to improve business decisions.The ability to quickly evolve down the data-information-knowledge-wisdom-action cyclewill be the most important asset for organizations. On one hand, companies may engage inlarge scale data warehousing and data mining of warehouses combining internal andexternal data. On the other hand, many entrepreneurial investor resources are being devotedto creating and consolidating external DBs and content archives. They have strongincentives to try to draw user organizations away from computing and managing their ownDBs. Third, advances in communications and processing technologies may render collective

15storage obsolete. Information may be coded to remain with its source, only to be accessedor aggregated when needed (Markus, 1996).Interestingly, Davenport (1996) also described a future environment for information systemsin which information replaces technology as the primary focus of a firm�s efforts. Swan andGalliers (1996) then described the future role of information professionals as a technicalknowledge and business information broker who knows where to look for information, howto screen it and interpret it, how to utilize it internally for specific purpose to createknowledge and expertise within their organization.5.1.3 Personalized ServiceThe development in information and communication technology also incur changes in theway of service supplying. Watson et al (1996) believed that the information age will cause adramatic change in the form, extent and delivery of service. IT will create a society in whichservices are tailored to the personal tastes of customers. Similar to the agriculturaltechnology revolution which brought plentiful and inexpensive food, and the industrialt e c h n o l o g y r e v o l u t i o n w h i c h b r o u g h t p l e n t i f u l a n d i n e x p e n s i v e g o o d s , i n f o r m a t i o n technology revolution will bring many highly personalized services. "It will enable the greatmajority of citizens to receive a level of customized service now enjoyed only by theeffluent" (Watson et al, 1996).5.2 Trends in Artificial Intelligence ApplicationsArtificial Intelligence (AI) is concerned with programs that respond flexibly in situationsthat were not specifically anticipated by the programmer. To make computers/programssmarter and smarter and come closer and closer to imitating, or ultimately surpassing,complex human thought processes, we need to draw upon advances in artificial intelligence.Robotics has always been a branch of AI research and application. Robots were originallyconceived to do tediously repetitive assembly-line tasks. Over the years, however, it hasbecome apparent that in addition to never getting bored, never getting sick and never goingon strike, robots can be designed to work far more rapidly and precisely than human alone.Nevertheless, it has been a challenge to equip them with enough sensory perception,computing power and real-time response capability to adapt to such situation as having apart presented slightly askew on an assembly line. As computer components have gottenexponentially smaller and algorithms have gotten exponentially more clever, robots havebecome more and more capable and flexible in their behavior. In the centuries to come,robots will play crucial roles in exploring the space. Software agents are soft robots, orsoftbots. They represent one integral part of AI too. Their development naturally takes greatadvantage of advances in other AI branches, while they at the same time motivate andjustify that research.As Esther Dyson predicted long time ago that AI would not become truly importantcommercially until AI becomes embedded in main-stream, strategically important systemslike raisins in a loaf of raisin bread (referred in Winston et al, 1997), time has proven

16Dyson�s prediction correct. AI as a field is becoming more important as emphasis shiftsaway from replacing expensive human experts with stand-alone expert systems towardenabling or enhancing main-stream computing systems that create strategic advantage.Accordingly, many of today�s AI systems are connected to large data bases, deal with legacydata, talk to networks, handle noise and data corruption with style and grace, implementedin popular languages, and run on standard operating systems (Winston et al, 1997). AI willcertainly be an essential part, although often a small part, of the total solution to customers�problems. AI technology will go beyond expert systems, where computers could do whathuman experts could do, only less expensively. The emphasis will move from doing whatpeople do to exploiting opportunities to do tasks that people cannot do alone. Thecommercial value of AI will lie in the direction of new revenue building rather thanreplacing people.AI will play significant roles in offering new capabilities and creating new revenue streamsin areas such as operating systems, interfaces and information access, indicated by AIenabled information access, AI enabled human-computer interaction, and AI drivenadvances in computing infrastructure. Through truly gigantic high-resolution displays thatare coming, more natural and familiar modes of communication that may soon make thek e y b o a r d o b s o l e t e , a l l r e l y o n A I t e c h n o l o g y . T o p r o v i d e h e l p t o W W W - u s e r s i n information access, the creators of aggregation tools must take advantage of AI work. AIresearch has developed new ways of analyzing heaps of data that complement traditionalstatistical methods. AI technology can take us a great leap forward from systems limited tokey word analysis (in Winston et al, 1997).Software agents, like Bayes nets, neural nets and genetic algorithms, is regarded as newertechnical ideas in the field of AI. All of them are important; but none, by itself, is theanswer. When combined with older ideas such as rule chaining, they will form a powerfulunit. In fact, the power of software agents lie exactly in their synthesized use of multiple AItechniques and integration with mainstream business applications.Kendall (1996) described the development of AI systems as will follow four paradigms: (i) (based on symbolic techniques, with applications such as expert systems,knowledge based systems). (ii) connectionist (neural nets). (iii) paradigm(represented by autonomous agents selecting actions that emerge from the interaction ofmultiple, diverse, relatively independent modules), and (iv) evolutionary paradigm (geneticalgorithm, evolving systems that can access the merits of inconsistent motives, can store andcompare motives, change upon self-evaluation, and adapt to approval or disapproval ofexternal agents) (Kendall, 1996).According to Kendall (1996), the evolutionary paradigm will be in store for AI for a futureof perhaps 50 years. In ten years, however, our focus will be on autonomous agents of theaction-selection paradigm. A u t o n o m o u s a g e n t s will evolve from being just capable ofautonomous, purposeful actions that responds to external stimuli, to intelligent, adaptiveagents that are capable of performing actions they were not capable of previously byacquiring knowledge and building on earlier actions (Kendall, 1996).

175.3 Software Agents in 10 YearsThe benefits of using software agents include speed, productivity, customized service, newway of information and support supplying, among others. In this section we relate the futureof software agents to the above-mentioned developing trends in IT and AI.5.3.1 The NeedsChanges in the way of information supplying (i.e. re-informating) call for software agentapplications. Software agents do not follow only the "react to needs and provide" cycle.They can actively push the required information to users. They can also bring a more richand novel information environment to users. The needs for smaller but powerful processingtechnologies to allow consumers of information to access, manipulate and communicateinformation, actually proposes a heavy processing load for computer programs. They musthave agent-units embedded in or have multiple agents to collaborate on. Finally, data itselfbecoming smart also relies on the embedding of agent-like processing constructs.discovering knowledge from large volumes of data sets. Knowledge discovery fromelectronic data in multiple formats is already, and will still be, an important area ofintelligent agent applications. In cases where advances in communications and processingtechnologies may result in collective storage becoming obsolete and data will remain withtheir sources, agents will be needed to visit dispersed sources, to extract needed information,to synthesize and analyze the data and to add value.A society offering highly customized services would create a huge demand for service staff.Service providers or companies would try to employ technology and systems instead of justthrowing more service at a problem, This, however, will lay the burden on customers.Software agents can be generated to serve the customers. Agents as service providers takethe human element out of service thereby eliminating variability. They enable customizationby allowing IT to create and deliver the precise service that the customer desires. Softwareagents actually translate a service delivery strategy into an effective IT infrastructure(Watson et al, 1996).To summarize, agent technology can make computer applications more efficient andeffective. They bring competitive benefits to software systems (McKie, 1995) and further, inbusiness operations. The software agent marketplace is far from mature, and it is set forrapid growth and owns a huge potential.5.3.2 The PossibilitiesAs speed and flexibility are essential to support systems, embedded agent-functions will bepopularly seen in various main-stream applications.Hardware evolving towards smaller and powerful machines makes it possible for softwareagents to be simpler and smaller in structure. Wall-size displays plus costless digitizingbring more friendly user interfaces (visual, voice) into software systems. Software agents

18will make their performance transparent to users at an appropriate level fitting to the user’sskills and knowledge level. Users can expect to have easy control over their agents and easycommunication with their agents.Cost of coordinating approaching 0 may indicate a cost-benefit for multi-agent systems.Like robots, software agents will benefit greatly as computing algorithms got exponentiallymore clever. Autonomous agents that fulfill the action-selection paradigm will developtowards adaptive, intelligent agents, capable of performing actions they were not previouslycapable of performing by acquiring knowledge and building on earlier actions. However,evolutionary agents as a new development of autonomous agents will not be able to come in10 years.Software agents seem to have not been developing fast enough. Trends from IT and AI seemto converge to a stage that call for and facilitate the development of software agents in largevolume. Software agents bring competitive benefits to software systems. They represent atechnology that may soon underpin all mission-critical business applications. Advances inIT and AI will grant software agents with more and more computing power. In the marketthere will be increasing ranges of application for agents, popularly in the form of merger andpenetration of software agents with all kinds of business applications. Software agents willevolve towards intelligent, adaptive system constructs.The development of autonomous agents may have profound implications for the future. As itis true that the ultimate success of new technologies will be in the way they favorablyinteract with humans, business, social structures, markets, culture, society, government andother entities. So do software agents. Social and community norms and cultures affecttechnology choice. The acceptance of agents by people and society may take a while, whichis related with the resolving of problems such as potential social mischief, loss of privacy,loss of control. Issues of user control, trustworthiness, security and privacy, customizationand repair, and how to make sure agents aid rather than hinder group work and informationfiltering are important issues which frequently call for attention from researchers anddevelopers.6. ConclusionsIn trying to predict the impact of agents systems, this paper analyzed the task, people, andtechnology elements in a software agent based environmental scanning system and proposedan analysis framework. The impacts of the agent system on managers, as users, and on theirscanning process and outcomes are perceived. The next step in this research process wouldinclude empirical studies following system implementations.Drawing on trends and developments in IT (Information Technology) and AI (ArtificialIntelligence) fields, we also speculated on prospects for software agents. It is shown that,compared with market needs, software agents have not been developing fast enough. Havingbenefited from advances in IT and AI, software agents will soon evolve towards intelligent,adaptive constructs that make integrated use of a group of techniques, rather than rely onone single technology. The potential for software agents is vast in both range and power. In

19ten years, there will be mergers and a penetration of software agents with almost all kinds ofbusiness applications.AcknowledgmentsI would like to thank Professor Christer Carlsson for his support to this research and hisvaluable comments on the earlier version of this paper.ReferencesAckoff R. L., �Management Misinformation Systems�, Management Science, Vol. 14, No. 4,December 1967Aguilar F. J., Scanning the Business Environment, Macmillan Co., New York. 1967Ahituv N. and S. Neumann, "Decision Making and the value of Information", Tel-Aviv UniversityA l t e r S . , I n f o r m a t i o n S y s t e m s : A M a n a g e m e n t P e r s p e c t i v e , 2 n d e d . , M e n l o P a r k , C A : Benjamin/Cummings, 1996Bayer J. and R. Harter, �Miner�, �Manager�, and �Researcher�: Three Modes of Analysis of ScannerData�, International Journal of Research in Marketing, Vol. 8, pp. 17-27, 1991Beach L. R. and Mitchell T. R., �A Contingency Model for the Selection of Decision Strategies�,Academy of Management Review (3:3), July 1978, pp. 439-449;Davenport T. H., "The Second Information Revolution", The DATABASE for Advances inInformation Systems, fall 1996, Vol. 27, No. 4, pp. 85-91D u r a n d T . , E . M o u n o u d E . a n d B . R a m a n a n t s o a , � U n c o v e r i n g S t r a t e g i c A s s u m p t i o n s : Understanding managers� Ability to Build Representations�, European Management Journal, Vol.14, No. 14, August 1996, pp. 389-397Etzioni O. and D. Weld, �Intelligent Agents on the Internet: Fact, Fiction and Forecast�, IEEEExpert, August 1995Etzioni O. and D. Weld, �A Softbot-Based Interface to the Internet�, Communication of the ACM,Vol. 39, No. 7, pp. 72-76, 1996Grover V., "Forecasting the Next 50 years in Information Technology", Introduction to the SpecialIssue, The DATABASE for Advances in Information Systems, Fall 1996, Vol. 27, No. 4, pp. 35-36Grover V. and A. H. Segars, "IT: the Next 110010 Years", The DATABASE for Advances inInformation Systems, Fall 1996, Vol. 27, No. 4, pp. 45-57Johnson E. and J. Payne, �Effort and Accuracy in Choice�, Management Science, Vol. 31, No. 4,April 1985, pp. 285-303

20Kendall K. E., "Artificial Intelligence and G�tterd�merung: The Evolutional Paradigm of theFuture", The DATABASE for Advances in Information Systems, fall 1996, Vol. 27, No. 4, pp. 99-115Keen P. and M. S. Scott Morton, Decision Support Systems: An Organizational Perspective.Massachusetts: Addison-Wesley, 1978.Kenney M., "The role of information, knowledge and value in the late 20th century", Futures, Vol.28, No., pp. 695-707, 1996.King D. and K. Jones, �Cpmpetive Intelligence, Software Robots and the Internet: TheNewsAlert Prototype�, Proceedings of the HICSS�28 Conference, IEEE Computer SocietyPress, Los Alamitos, CA, 1995, pp. 624-631.King D. and D. O�Leary, �Intelligent Executive Information Systems�, IEEE Expert, December1996, pp. 30-35Krulwich B. and C. Burkey, �The InfoFinder Agent: Learning User Interests through HeuristicPhrase Extraction�, IEEE Expert, September/October 1997, pp. 22-27.Lanier J., Agents of Alienation, available at http://www.voyagerco.com/consider/agents/jaron.html,as of July 23, 1996Leavitt H. J., Applied Organization Change in Industry: Structural, Technological and HumanisticApproaches, in J. G. March, Handbook of Organization, pp. 1144-1170, Chicago, IL: Rand-McNally, 1965Liu S., �Strategic Scanning and Interpretation Revisiting: Foundations for An Intelligent SoftwareAgent Support System — Part II: Scanning the Business Environment with Software Agents�, toappear in Industrial Management and Data Systems, 1998aLiu S., �Business Environment Scanner for Senior Managers: Towards Active Executive Supportwith Intelligent Agents�, Expert Systems With Applications: An International Journal, Vol.15,1998b, pp. 111-121Liu Shuhua, �Data Warehousing Agent: To Make the Creation and Maintenance of A DataWarehouse Easier�, Journal of Data Warehousing, Vol. 3, No. 1, Spring 1998c, pp. 63-75Maes P., �Agents that Reduce Work and Information Overload�, Communications of the ACM, Vol.71, No. 7, pp. 31-40, July 1994March J. G., �Bounded Rationality, Ambigurity and the Engineering of Choice�, The Bell Journal ofEconomics (19:2) Autumn 1978, pp. 587-608.Markus M. L., "The Future of IT Management", The DATABASE for Advances in InformationSystems, fall 1996, Vol. 27, No. 4, pp. 68-84McKie S., "Software Agents: Application Intelligence Goes Undercover", DBMS Magazine, Vol. 8,No. 4, April 1995Minsky M. in A Conversation with Marvin Minsky about Agents (by Riecken D.), Communicationsof the ACM, Vol. 37, No. 7, pp. 23-29, July 1994

21Norman D. A., �How Might People Interact with Agents�, Communications of the ACM, Vol. 37,No. 7, pp. 68-71, 1994Olofsson S., �ScanAgent: Ett Intelligent Datainsamlingsverktyg�, Master thesis, IAMSR Ser. A:484,�bo 1998Payne J. W., �Contingent Decision behaviour�, Psychological Bulletin (92:2), march 1982, pp. 382-402Payne J. W., J. Bettman and E. J. Johnson, �Adaprive Strategy Selection in Decision Making�,Journal of Experimental Psychology: Human Learning, Memory and Cognition, Vol. 14, No. 4, July1988, pp. 534-552Rangaswamy A., B. A. Harlam and L. M. Lodish, �INFER: An Expert System for AutomaticAnalysis of Scanner Data�, International Journal of Research in Marketing, Vol. 8, pp. 29-40, 1991Riecken D., �Intelligent Agents�, Communications of the ACM 37(7) 18-21, July 1994Riecken D. �A Conversation with Marvin Minsky about Agents�, Communications of the ACM37(7) 22-29, July 1994Rockart J. F. and D. DeLong, Executive Support Systems: The Emergence of Top ManagementComputer Use, Illinois: Dow Jones-Irwin Homewood, 1988.Simon H. A., The Shape of Automation for Men and Management, New York : Harper & Row, 1965Singh S. K., H. J. Watson and R. T. Watson, "Technology, Task, People and Structue: AnExamination of their interdependencies in the context of an EIS", Hournal of Decision Systems. Vol.3. No. 4, 1994, pp. 359-383Swan J. A. and R. D. Galliers, "Networking: The Future of Information Systems", The DATABASEfor Advances in Information Systems, fall 1996, Vol. 27, No. 4, pp. 92-98.Thorngate W., �Efficient Decision Heuristics�, Behavioral Science, Vol. 25, No. 3, May 1980, pp.219-225Todd P. and I. Benbast, "The Use of Information in Decision Making: An Experimental nvestigationof the Impact of Computer based Decision Aids", MIS Quarterly, Sept. 1992, pp. 373-393 Turban E. and J. Aronson, Decision Support Systems and Intelligent Systems, Chapter 10,Prentice Hall, 1998. Wang R. Y., V. C. Storey and C. P. Firth, "A Framework for analysis of data quality reseach". IEEETransactions on Knowledge and Data Engineering, Vol. 7, No. 4, 1995, pp. 623-640. W a t s o n H . J . , M . T . O ’ H a r a , L . G . H a r p a n d G . G . K e l l y , " S o f t I n f o r m a t i o n i n E I S s : Conceptualization, Findings, and Propositions", Terry College of Business, University of Georgia.Watson R. T., L. T. Pitt and P. R. Berthon, "Service: the Future of Information Technology", TheDATABASE for Advances in Information Systems, Fall 1996, Vol. 27, No. 4, pp. 58-67

22Winograd T. and F. Flores, Understanding Computers and Cognition : A New Foundation forDesign, Reading (MA): Addison-Wesley, 1988Winston P. H. et al, Rethinking Artificial Intelligence, MIT Artificial Intelligence Laboratory and theMIT Industrial Liaison Program, September 1997.(available at: http://www.ai.mit.edu/director/briefing.html, as of June 15).Wooldridge M. J. and N. R. Jennings, �Intelligent Agents: Theory and Practice�, The KnowledgeEngineering Review, Vol. 10, No. 2, pp. 115-152, 1995

Turku Centre for Computer ScienceLemmink�isenkatu 14FIN-20520 TurkuFinlandhttp://www.tucs.fi/ University of Turku¥ Department of Mathematical Sciences�bo Akademi University¥ Department of Computer Science¥ Institute for Advanced Management Systems ResearchTurku School of Economics and Business Administration¥ Institute of Information Systems Science