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Qualitative Decision Explanationfor Information Technology InvestmentStephen Slade, Henry Lucas, Jr., and Michael FishInformation Systems DepartmentStern School of BusinessNew York University44 West 4th StreetNew York, NY 10012June 14, 1995AbstractMany business decisions involve issues that are not amenable to quantitativemeasures and analysis. One such domain of decisions is large-scale investmentsin information technology. Traditional capital budgeting methods have not provene�ective.In this paper, we present an alternative paradigm for qualitative decision analysis,embodied in the arti�cial intelligence program: VOTE. We describe the technologyinvestment domain in general, and how VOTE models goals and agents in thisdomain. We apply the VOTE model to a speci�c decision taken from a study of amajor information technology investment decision.Keywords: qualitative reasoning, decision-making, explanation, arti�cial intel-ligence, natural language generation, information technology.
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1 IntroductionManagers must frequently decide whether to invest in a new information technologyinitiative. This decision takes place in a complicated organizational setting; it in-cludes a number of organizations and individuals and has a high potential for conictamong di�erent goals. Textbooks have long advocated capital budgeting techniqueslike net present value analysis or approaches like cost bene�t analysis for making thisdecision [3]. Exclusively �nancial approaches have been criticized for their failure tocapture intangibles and for the estimates they require of costs, savings (or revenues)and discount rate. A recent survey suggests that simple techniques like paybackperiod or a cost bene�t ratio are used more than discounted cash ow models inevaluating information systems investments [34].Dissatis�ed with the decision criteria omitted by purely �nancial approaches,Lucas and Moore [16] proposed a scoring model adapted from the R&D project se-lection literature for use in choosing information systems project alternatives. Morerecently, Schniederjans and Wilson [27] have proposed using the analytic hierarchyprocess and goal programming for information system project selection. Agarwal,Tanniru and Dacruz [2] have developed a knowledge-based support system for mak-ing resource allocations that combines quantitative and qualitative judgments. DosSantos [24] has suggested a �nancial model for making decisions based on optionstheory; he argues that an investment in information technology (IT) today may bejusti�ed because of what it allows the �rm to do in the future. The organization isin e�ect buying an option on a future return.None of these approaches, however, solve the problems created by a complexorganizational setting and the presence of large numbers of often conicting goals.The purpose of this paper is to characterize the rich domain that surrounds thedecision to invest in a new IT project and to show how an arti�cial intelligence pro-gram called VOTE [32, 33] can be applied to supporting these investment decisions.VOTE explicitly considers di�erent constituencies and conicting goals in makingits recommendations.The remainder of this paper is organized as follows. We �rst discuss qualitativedecision making and the VOTE program. Second, we describe the technology invest-ment domain in general, and how VOTE models goals and agents in this domain.Third, we apply the VOTE model to a speci�c decision taken from a study of amajor information technology investment decision. We conclude with a discussionof future work. We also include two appendices that provide additional details ofthe VOTE program.2 Qualitative Decision Making and VOTEWe may view decision-making as a process, as depicted in the ow chart in Figure 1.We can describe the constituent elements.Identify problem. The agent must recognize that a decision must be made. Theterm \problem" here denotes any goal that initiates the decision process. Anopportunity could just as well trigger the task of decision making. Thus, eitherlosing your job or winning the lottery might well require you to make decisions.Identify alternatives. Once the problem has been identi�ed, the agent must de-termine what alternative actions are possible. The process underlying theselection of alternatives is by no means simple. Case-based reasoning [30] pro-vides a computational approach to this task.2



IdentifyProblemIdentifyAlternatives Choose UsualActionEvaluateAlternativesChoose AmongAlternatives No Choice Generate NewAlternativesNo AlternativesAbandonProblemChoiceE�ectChoiceFigure 1: Decision Making Process
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Choose usual action. Many common situations in life may have a standard re-sponse that �nesses the issue of choice. An agent may always order the samething for lunch, or always wear the same pair of shoes. Following this branch ine�ect avoids making a decision. From the perspective of computational e�ort,choosing the usual action is very e�cient.Evaluate alternatives. Assuming that there is more than one reasonable alterna-tive, the agent must evaluate the options. The process of evaluation may relyon factors including consequences and likelihoods of outcomes, preferences, andpast experience.Choose among alternatives. Implicit in the evaluation process is a metric bywhich the choices may be ranked. If there is only one ranking possible, thenthe choice with the highest ranking is selected. If more than one ranking ispossible, then there must be additional ways of choosing among the rankings.E�ect choice. Once a choice has been made, it needs to be put into action. Thisstep may be the execution of a plan, that is, the agent can perform an actionwhich will achieve the goals of the choice. If that action is unexpected orhas adverse consequenses for others, the agent may be expected to provide anexplanation for the decision. Decisions involving adopted goals are likely toneed explanations.Generate new alternatives. In some cases, the best alternative may not be goodenough. That is, the ranking process may suggest a course of action that isunacceptable. In this case, the agent may wish to try again by generating newalternatives. These will then be evaluated as before.Abandon problem. If there is no satisfactory alternative, the agent may chooseto abandon the original problem. In fact, abandonment could be consideredas simply another alternative that is available for most, if not all, decisionproblems. Failure to reach a decision may also require an explanation.The process of decision making is reected in the VOTE program. VOTE iswritten in T [28], an object-oriented dialect of LISP, and comprises over 14,000 linesof code, and over 9,000 lines of data. VOTE reects approximately 1.5 man-yearsof e�ort for both the decision making modules, and the underlying object-orienteddatabase system.VOTE is a qualitative decision-making program that simulates Congressionalroll call voting [30, 32, 33]. The input to the program is a speci�c bill and memberof Congress. The program then decides to vote for or against the given bill basedon the issue implications of the bill and the program's knowledge of that particularmember's ideology, voting record, and constituencies. The program produces naturallanguage output describing both the vote and the underlying rationale.Below is an example of the VOTE program simulating Congressman Louis Stokesvoting on a bill banning the desecration of the American ag. User input is underlined.> (vote 'stokes 'hr-2978)* Member: Louis Stokes* Bill: Flag Desecration| intermediate output deleted |* English rationale:Louis Stokes is opposed to bill HR-2978, the ag desecration bill. Hebelieves that provisions of this bill are not constitutional. He stronglysupports the principle of the United States Constitution and the Bill of4



Rights. However, Stokes realizes that members of the Democratic partyare opposed to the right of burning the American ag in protest.We note that the natural language output is not canned text, but is generatedautomatically by the program. The program can also produce French output.VOTE is an arti�cial intelligence program that attempts to model human cogni-tive processes. VOTE is based on the following fundamental assumptions.� Agents have goals. Agents or actors in the world have lots of needs, wants,and desires that they wish to attain. Politicians want to get elected. Managerswant to make money. VOTE's model of goals is derived from the arti�cialintelligence knowledge representations of Schank and Abelson [25].� Agents have relationships with other agents. Intelligent agents do not act alonein the world. The VOTE model suggests that relationships provide a way foragents to adopt new goals [29]. If your friend wants you to do a favor, yougenerally comply.� Agents have limited resources. In general, agents are not able to satisfy allgoals due to resource limitations. There is never enough time or money to doeverything. In the words of the twentieth century British philosopher, MickJagger, \You can't always get what you want."� Goals vary in importance. In resolving goal conicts that arise from resourcelimitations, agents must rank goals by importance to determine which trade-o�s to make. For example, a business person may not be willing to break thelaw to make more money.1� Decisions require explanations. Once an agent understands the goals, relation-ships, resource limitations, and importance rankings, there is still a need toproduce an explanation for the resulting decision. Di�erent decision strategiesare tied to distinct explanations [31].� Decision making is a process. It is possible to decompose the process of makinga decision into discrete steps, each of which are reected in the serial computerprogram. VOTE provides a demonstration of the computational feasibility ofthis approach.Decision making requires both structure and content. The goal-based decisionmodel provides the structure. Detailed information about the domain of Congres-sional voting provides the content. The VOTE program relies on a set of interre-lated databases, including issues (over 200 currently in the database), constituencygroups (150), bills (42), members (67), and decision strategies (16). Multiple de-cision strategies are required since the explanation of the decision depends on thestrategy employed. It is not enough to use one simple strategy of summing theweights of the conicting issues and relationships.The purpose of VOTE is not to predict individual voting decisions, but rather todemonstrate the computational feasibility of a particular model of decision making.Having said that, we observe empirically that VOTE's accuracy rate on thousandsof predictions exceeds 75%.The purpose of the program is to decide between two alternatives | a vote foror against a bill. Moreover the program must be able to justify its decision. Wereturn to the Stokes/Flag Burning example, and look at the detailed protocol.1Admittedly, not a compelling example. 5



> (vote 'stokes 'hr-2978)Extracting stances from voting record of Louis Stokes...done.* Member: Louis Stokes* Bill: Flag Desecration* Bill banning the desecration of the American flag.Inferring stances from relations of Louis Stokes...done.The �rst step for the program is to determine what set of positions are held bythis Congressman. There are three basic sources: the member's personal credo,his voting record, and his constituents. For the latter two, the program must inferstances from the BILL database, in the case of the voting record, and from theGROUP database, in the case of the constituent relationships.The next step is to compare the issue implications of the bill with the variousstances held by the Congressman and his constituents, that is, the groups with whomhe has a positive relationship.Considering implications of vote FOR HR-2978#{Stance (11) [B:PRO] PATRIOTISM (BILL:HR-2978)}#{Stance (12) [B:CON] FLAG-BURNING (BILL:HR-2978)}Sorting stances based on EQUITY order...done.Stances FOR: (((CON C GROUP:DEMOCRATS FLAG-BURNING)))A member's preferences are expressed as stances, which comprise an issue, a side(pro or con), and a level of importance (A, B, or C, where A is high and C is low).For example, a member who strongly supports a�rmative action while opposing guncontrol might have preference stances such as the following.(PRO A MEMBER:MEMBER.2319 AFFIRMATIVE-ACTION)(CON B MEMBER:MEMBER.2319 GUN-CONTROL)While VOTE prints stances as lists, the programactually uses a more detailed object-oriented representation. Constituency groups have similar sets of preference stancesto represent their issue agendas. Stances from constituency groups are adoptedby members with a level of importance relative to the priority of the underlyingrelationship. Most issues also have normative stances. Norms reect popular opinionfor a given issue.As a Democrat, Stokes should support this bill which opposes ag burning. Notethat at this point the matching is partial. Stances match on issue and side, butnot on level. The issue of patriotism does not strike a chord with Stokes or hisconstituents. We next look at the other side.Considering implications of vote AGN HR-2978Matching member stances with bill stances:#{Stance (14) [B:PRO] FREE-SPEECH (BILL:HR-2978)}#{Stance (15) [B:PRO] CONSTITUTION (BILL:HR-2978)}Sorting stances based on EQUITY order...done.Stances AGN: (((PRO A GROUP:ACLU CONSTITUTION)(PRO B BILL:HR-5345 CONSTITUTION)(PRO B GROUP:COUNTRY CONSTITUTION)))The issue of free speech is not of particular concern in itself, but the issue of theConstitution triggers Stokes's relationship with the ACLU, a previous vote in sup-port of the Constitution and the belief that the good of the country is at stake inConstitutional matters. 6



VOTE now considers various decision strategies. The purpose of the strategies isnot merely to arrive at a decision, but also to produce an explanation or justi�cationof that decision.Trying decision strategy: Popular decision...failed.Trying decision strategy: Non-partisan decision...failed.Trying decision strategy: Not constitutional...success.Found a consensus AGN this bill.The most important stances are all on the AGN of this bill:Group: ((AGN ((PRO A GROUP:ACLU CONSTITUTION))))Record: ((AGN ((PRO B BILL:HR-5345 CONSTITUTION))))Norm: ((AGN ((PRO B ISSUE:ISSUE.2591 CONSTITUTION))))There are constitutional grounds for opposing this bill:(((PRO A GROUP:ACLU CONSTITUTION)(PRO B BILL:HR-5345 CONSTITUTION)(PRO B GROUP:COUNTRY CONSTITUTION)))Adding current vote to DECISION database...done.The strategy based on the issue of constitutionality �res. This strategy requiresthat there is both a consensus of stances opposing the bill, and that the issue ofconstitutionality is at stake. VOTE arrives at the following decision, as given earlier.Louis Stokes opposes bill HR-2978, the ag desecration bill. He be-lieves that provisions of this bill are not constitutional. He is unwaveringin his support of the principle of the United States Constitution and theBill of Rights. However, Stokes understands that members of the Demo-cratic party oppose the right of burning the American ag in protest.The basic structure of VOTE is given in Figure 2. The rectangles indicatethe declarative databases for bills, members, groups, issues, and decisions. Theoval strategy database contains procedural representations of the decision strate-gies. Note that though the decisions are derived from the other databases, they arethemselves stored in a database. This permits VOTE to detect the need to revisedecisions based on new information.The original VOTE databases contained information relevant to the Congres-sional roll call voting domain. By replacing the contents of the databases withinformation in another domain, we can apply VOTE to new problems.BILL: past and present decisions described in terms of their projected issue conse-quences.MEMBER: the individuals whose decisions are being simulated. Each agent isrepresented by past decisions, ongoing relationships, and an issue agenda.GROUP: the generic organizations, departments, or constituencies with whom thedecision makers have relationships. Each group has a default issue agenda.ISSUE: the detailed representation of the issues or goals relevant to the domain.STRATEGY: speci�c decision strategies and associated explanations.In the next section, we describe our initial e�orts at applying VOTE to a domainvery di�erent from the Congressional roll call voting domain.7



BILLDatabase FOR/AGNStancesRecordMEMBERDatabase PersonalStancesRelationshipGROUPDatabase GroupStancesISSUEDatabase NormativeStances
STRATEGYDatabase DECISIONDatabase

Figure 2: VOTE Architecture
8



6? *�����iPPPPPPq6? ��	HHHj
providersExternal serviceDecision Making Organization

CustomersIS Staffand other usersLine ManagersManagersSeniorSuppliers
Figure 3: The Decision Domain3 Information Technology Investment DomainThe purpose of this paper is to discuss a new approach to making decisions aboutinvestments in technology. This decision takes place in a complex domain consistingof a number of di�erent organizations and actors. We shall attempt to map this newdomain onto the VOTE model of decision making.3.1 OrganizationsThere may be four or more types of organizations involved in a proposal for a newinvestment in information technology. See Figure 3.The �rst is the organization making the investment; it expects to obtain the mostbene�ts from developing a system. There are still many applications of technologythat only involve the developing organization. However, at least some new projectsare likely to involve other �rms.The second organization involved is an external service provider. Today, many in-vestments in technology involve outside �rms. For example, Frito-Lay had a supplierdesign and build hand-held computers for its trucks; UPS equipped its drivers withcustom-designed pen computers which customers use to sign for packages. Manysystems today involve communications among di�erent parties so that various com-munications service providers are included in a new IT project.The third organization that is often represented in a new technology project isthe customer. Firms are developing systems which provide better customer serviceand are frequently providing customers with direct access to their computer systems.Most mail order �rms use order entry and inventory systems to make it easy for the9



customer to order from them. American Hospital Supply, now a part of BaxterHealth Care, is credited with developing the �rst order entry system in which cus-tomers used American's terminals to enter orders for hospital supplies directly intoAmerican's computer systems.A fourth organization that may be involved in new technology is a supplier.Firms like Ford make extensive use of Electronic Data Interchange (EDI) to improvethe quality and e�ciency of transactions with suppliers. For �rms using just-in-time (JIT) production, suppliers may actually have access to the manufacture'sproduction planning and control system in order to anticipate needed deliveries.For a large IT initiative, there may be a number of instances of these four typesof organizations. For example, a system to support customers might involve tensor hundreds of customer organizations. EDI systems might extend to 50 or moresuppliers. A national or international network could involve ten or more suppliersof services and equipment. Thus, the domain for the IT investment decision ispotentially large and complex.3.2 PlayersWithin the organization making the decision, there are three major groups of players.Managers are responsible for the overall direction of the �rm; they determineits goals and strategy. Managers also have to allocate scarce funds to di�erentcandidates for investment. These same managers should be involved in the designand implemetation of the IT project as well.Users are individuals in the organization who work directly with the new tech-nology. This group of users may be very localized, for example, the order entryclerks in a mail order business who work with the company's order entry system.Users may also ecompass almost everyone in the organization. For example, DEC'sworld-wide electronic mail system has tens of thousands of users including DEC'schairman.The last group of players is the information services sta�. The extent of involve-ment of this group depends on how the �rm is organized and on the scope of the ITinitiative. Today, there are many investment decisions made by general managersand users without any input from a technological expert, particularly in decentral-ized companies. As the cope and cost of the IT project increase, it is likely thatmembers of the information services sta� will be involved in developing a projectproposal.3.3 RelationshipsThere are a variety of relationships among the various organizations and individualsdescribed above. The company that wants to develop EDI links with its suppliershas a great deal of power and leverage because it is the customer. The �rm thatwants its customers to install terminals or PCs connected to an order entry systemhas a di�erent problem since it cannot risk alienating customers. External serviceproviders, in general, are eager to have one's business and are likely to be very helpfulin developing a proposal for a new IT project.On the individual level, senior managers, line managers and other users andthe IS sta� all interact in the organization contemplating an IT investment. Theseinteractions are not always smooth as the three parties often have di�erent view-points and goals. Managers are typically concerned with market share and �nancialperformance measures such as stock price, return on assets, sales and pro�tability.10



Line managers and other users often have very speci�c goals such as processingall orders that arrive by a certain time so that shipments are made the same day.There may be speci�c quality goals as well, for example, allowing only a certainnumber of errors per thousand items shipped. Each user subunit may have di�erentgoals and criteria for evaluation by management.The IT sta� is a support group in most organizations; its goal should be todevelop and operate technology to help the �rm meet its objectives. Unfortunately,there is a long history of conict between the information services sta� and othersin the organization. Often information services groups develop goals that are notnecessarily compatible with the objectives of the organization. Sometimes IS sta�members loose contact with management and users and become very unresponsiveto their constituents.3.4 GoalsEach of the organizations and groups described above has di�erent goals. Sometimesa group's professed goals may not be the goals that others perceive. For example,an IS department may state that its goal is to provide user service and high levelsof satisfaction. However, the actions of this group may lead to users perceiving thatthe IS sta� wants to develop new and better technology for its own sake or that itis \building an empire."Goals often change over time, making it di�cult for members of the organizationto know exactly how to act. For example, during the 1980s there was a surge ofcorporate takeovers and leveraged buyouts, often �nanced with junk bonds. Thegoal was growth and synergy from diverse businesses. Today, many �rms have agoal of reducing debt by selling peripheral businesses and returning to their area ofcore competence.As stated earlier, decision making requires both structure and content. In adapt-ing the VOTE program to the domain of business decisions, we must provide newcontent to replace the knowledge of Congressional voting. In other words, we needto identify the business goals that may play a role in arriving at or justifying an ITinvestment decision.Typically, the primary goal used to evaluate an IT investment opportunity isits anticipated contribution to the �rm's �nancial performance [8]. Firms routinelyuse such quantative criteria as net present value, internal rate of return, returnon investment, cost/bene�t ratio, payo� period, expected value, and opportunitycost to measure the attractiveness of investment opportunities [35]. If all signi�cantconsequences of an investment could be accurately reected in these quantitativemeasures, then no other decision criteria would be needed. Investments could bechosen on the basis of a relatively straightforward optimization of the quantitativecriteria.Given the complexity and uncertainty surrounding IT investment decisions, how-ever, �rms generally concede that many important costs and bene�ts cannot bequanti�ed [5]. To evaluate investment opportunities in terms of their overall impacton �nancial performance, �rms must consider qualitative as well as quantitative con-sequences of investment decisions [35, 5, 7]. By themselves, optimization techniquesdo not provide a su�cient mechanism for evaluating these investment decisions. In-stead, decision makers must analyze and justify an IT investment on the basis of itsalignment with the �rm's broad spectrum of economic, political, and social goals.Because this alignment is viewed as critical, �rms typically establish planning andpolicy groups or other decision control mechanisms to ensure a linkage between the�rm's overall business goals and its investments in IT [5].11



Proper analysis and justi�cation of an IT investment decision requires that the�rm's overall business goals be identi�ed, and that the instrumental relationshipsbetween goals be de�ned. We have identi�ed over 130 qualitative and quantitativebusiness goals that are relevant to IT investment decisions. (See Appendix A.)In addition, we have structured these IT investment goals into a chain, patternedafter the chain of causality which Porter [21] developed to explain the sequence ofconditions and events that leads to a �rm's �nancial success. Each link in the goalchain depicts how one goal is instrumental to achieving another. For example, thegoal of reducing paperwork may provide a means of achieving increased productivity,which may lead to reduced costs, and so on. By navigating through the goal chain,the speci�c consequences of an IT investment can be assessed within the context ofthe �rm's overall set of business goals. Thus, the goal chain provides VOTE with anintegrative framework of goals for analyzing and justifying IT investment decisions.As discussed earlier, we assume that the goal of protecting or improving �nancialperformance is the primary motivating force behind a �rm's decision to invest in IT.Accordingly, �nancial performance is positioned at the apex of the goal chain. Thequestion now becomes: How can a �rm achieve superior and sustainable �nancialperformance? To answer this question, we must identify those business goals thatare instrumental to achieving �nancial performance goals. In other words, we musttake one step along the goal chain. By doing so we �nd that a �rm's pro�tibility isa function of the attractiveness of industry structure and the relative position of the�rm within the industry [21].Porter [21] has identi�ed �ve forces that can damage an industry's structureand erode long-term industry average pro�tibility. These forces are the threat ofnew entrants, the threat of substitute products and services, bargaining power ofsuppliers, bargaining power of buyers, and rivalry among existing competitors. If�rms within an industry are interested in counteracting these forces, they can enlistthe help of IT to pursue this goal [5]. For example, IT can be used to create entrybarriers, di�erentiate products and services, improve cost-e�ectiveness and quality,and increase the selection and alter the switching costs of buyers and suppliers.Within an industry, pro�t di�erences between �rms depend on their relativepositioning. An attractive relative position may be manifested in terms of marketshare advantages, accelerated growth, or a superior balance sheet. In order to achievea desirable position, a �rm must possess a sustainable competitive advantage [21, 4].There are two basic types of competitive advantage.1. Reduce Costs. A �rm may be able to produce goods and services at a lowercost than competitors.2. Product Di�erentiation. A �rm may be able to di�erentiate its productsand services in the marketplace and command a premium price that exceedsthe cost of di�erentiation.Competitive advantage, in turn, depends on how a �rm con�gures and executesits basic business activities, such as manufacturing products, processing customerorders, and making service calls. If a �rm can perform its activities in unique ways,then it may be able to achieve low relative cost or to create buyer value and henceachieve di�erentiation. In particular, the goal of securing a competitive advantagecan be attained through innovative uses of IT to improve the performance of a �rm'sessential activities.Researchers have observed numerous ways in which IT can be used to reducecosts: 12



� IT has been used extensively as a vehicle for improving productivity. Some ofthe earliest applications of IT were used to monitor and control the pace ofwork, and this trend persists [10, 6].� IT has also been used to decrease productivity losses in manufacturing due tomachine downtime, poor quality, and production inexibility [5]. Schedulingand coordinating functions within �rms have been improved with IT, therebyincreasing the e�ciency of such functions as production, distribution, and ser-vice [6, 5].� Firms often look for ways to automate existing functions with IT and to reducethe ow of paperwork [17, 5].� Proponents of reengineering claim that innovative uses of IT can eliminate theneed for many work tasks, thereby enabling dramatic gains in e�ciency [6, 11,7].� The e�ciency of physical asset utilization can also be enhanced by IT [17].� IT can improve the e�ciency and e�ectiveness of decision making. Knowledgeembedded within decision support systems and expert systems can simulta-neously improve decision quality and reduce the skills required of users [17].Advocates of \informating" suggest that putting accurate, detailed real-timeinformation into the hands of decision makers can reduce operational costs [36].� Procurement costs can be lowered by establishing electronic linkages to sup-pliers. Firms exploit these connections to reduce supplier search costs andinventory costs [17, 5].Researchers have also discovered numerous ways that IT can be used to e�ectdi�erentiation:� In businesses where time-based competition is prevalent, IT applications canreduce process cycle time, product delivery time, service response time, andproduct development time [6, 7, 26].� The reliability, accuracy, security, and overall quality of products and servicescan be improved with IT [6, 7].� IT can be used to improve the interface with customers, particularly if e�ec-tive electronic ties are established. For example, IT applications can simplifyorder placing, increase customer control over service, perform activities suchas inventory management on behalf of the customer, or provide value-addedinformation to support sales, service, or product operation [13, 17].� The creation of new products and entry into new markets can be facilitated byIT. For instance, IT can enable information-based alliances between compa-nies [5], allow �rms to create information-based products and services [19, 15],and support the mass customization of products and services [7].While IT investments may reduce costs and increase di�erentiation, they will notnecessarily result in competitive advantage. If a �rm hopes to achieve competitiveadvantage as a result of its IT investments, it must successfully exploit IT in waysthat its rivals have not. Of utmost importance is a �rm's ability to envision cre-ative, strategic applications of IT [15]. In addition, the proper timing of investmentdecisions, the e�ectiveness of organizational learning, and the ability to protect ITinnovations against imitation by rivals are all required for a �rm to stay ahead of itscompetition [23, 22]. Thus, goals such as innovation and trade secret protection arereected in the goal chain as potential determinants of competitive advantage.13



As outlined above, the goal chain is composed of economic goals related to ITinvestments. Firms also pursue a multitude of political and social goals, which areoften related to economic goals. In response to coercive pressure exerted by powerfulinstitutional actors, for example, �rms may adopt ine�cient technological innova-tions [9, 1]. In these situations �rms are motivated by the goal of achieving legitimacyin the eyes of the institutions, which is necessary to insure an inow of resources tothe �rm [20]. In addition, managers have been known to use IT resources to pur-sue their own political goals, such as systematically controlling workers, protectingtheir managerial turf, or redistributing power within the �rm [18, 17]. Not surpris-ingly, managers often justify their political agendas in terms of the �rm's economicgoals [17]. Finally, �rm's often pursue such social goals as improving job satisfac-tion, job security, and patterns of social interaction, which they hope will lead tolower turnover rates or increased productivity [14, 17]. An unfortunate, though notnecessarily inevitable, consequence of many IT investments is that economic goals(e.g., eliminating manual labor) may conict with social goals (e.g., improving jobsecurity). The relationships and conicts among economic, political, and social goalsare reected in the goal chain.As stated above, we have identi�ed over 130 business goals that may play a rolein arriving at or justifying a decision. Here are some examples, together with theirnorms and justi�cations. A complete list of goals appears in Appendix A.Reengineering. For this �rst issue only, we list both the internal symbolic repre-sentation, as well as the derived English language output.Norm: ((PRO B ISSUE:ISSUE.160 REENGINEERING))PRO Stances: (((PRO B ISSUE:REENGINEERING CUSTOMER-DRIVEN)(PRO B ISSUE:REENGINEERING REDUCE-LEVELS-OF-MANAGEMENT)(PRO B ISSUE:REENGINEERING RIGHT-SIZING)(PRO B ISSUE:REENGINEERING MANUAL-PROCESSES)(PRO B ISSUE:REENGINEERING CHANGE-ORG-STRUCTURE)))A normal stockholder is eager to support reengineering companyoperations. Support of reengineering company operations is impor-tant for changing the organizational structure, being customer driven,reducing levels of management, right sizing, in addition to automat-ing manual processes.Low Cost Producer. Managers approve of being the low cost pro-ducer. Support of being the low cost producer is always part ofincreased competitive advantage. It reinforces reducing costs. It isimportant for increased pro�ts, increased volume, increased revenues,achieving an attractive industry position versus rivals, and increasedmarket share. Support of being the low cost producer is compatiblewith increased productivity.Automating Manual Processes The majority of investors are eagerto show their support for automating manual processes. Support ofautomating manual processes is important for increased e�ciency,increased pro�ts, as well as increased productivity. Opposition toautomating manual processes is important for job security.Below, we list a few of the groups with their associated issue agendas.Information Systems Managers. For this �rst group, we list both the internalsymbolic representation of goals, as well as the derived English language out-put. 14



Stances: (((PRO B GROUP:IS-MANAGEMENT USER-SATISFACTION)(PRO B GROUP:IS-MANAGEMENT RESPONSIVE-TO-USERS)(PRO B GROUP:IS-MANAGEMENT IS-INFRASTRUCTURE)(PRO B GROUP:IS-MANAGEMENT HIGH-IMPACT-SYSTEMS)(PRO B GROUP:IS-MANAGEMENT EXCITING-TECHNOLOGY)(PRO B GROUP:IS-MANAGEMENT EXPENSES)(PRO B GROUP:IS-MANAGEMENT HARDWARE)(PRO B GROUP:IS-MANAGEMENT SOFTWARE)(PRO B GROUP:IS-MANAGEMENT NETWORK)(PRO B GROUP:IS-MANAGEMENT DATA-STORAGE)(PRO B GROUP:IS-MANAGEMENT BACKUP)(PRO B GROUP:IS-MANAGEMENT CONNECTIVITY)(PRO B GROUP:IS-MANAGEMENT INNOVATION)(PRO B GROUP:IS-MANAGEMENT SYSTEM-RESPONSE-TIME)(PRO B GROUP:IS-MANAGEMENT USER-INTERFACES)(PRO B GROUP:IS-MANAGEMENT MANUAL-PROCESSES)(PRO B GROUP:IS-MANAGEMENT SYSTEM-PERFORMANCE)(PRO B GROUP:IS-MANAGEMENT REENGINEERING)(PRO B GROUP:IS-MANAGEMENT SYSTEM-SECURITY)))Information systems management strongly supports increasing sys-tem security, system performance, reengineering, user satisfaction, re-sponding to users, improving the IS infrastructure, developing high-impact IS systems, using exciting technology, increased expenses,contributing to the hardware architecture plan, contributing to thesoftware architecture plan, contributing to the network architecture,improving data storage, system backup, increasing system connectiv-ity, increased innovation, improving system response time, improvinguser interfaces, and automating manual processes.Line Management and other Users. Line management is an op-ponent of increased bureaucracy, and hierarchy reduction. It stronglysupports decreasing the chance of failure, pleasing senior manage-ment, increasing the pace of work, accomplishing the basic mission,maximizing performance measures, reducing costs, reducing cycletimes, increasing capacity, improving control, capturing data for anal-ysis, quality, coordinating work, increasing responsiveness to cus-tomers, taking over customer processes as a service, reducing uncer-tainty, improving communications, complying with legal and regula-tory requirements, increasing pro�ts, increasing e�ciency, reducingpaperwork, reducing process response time, increasing production orservice exibility, tracking information, improving work scheduling,reducing delivery time to customers, increasing customer satisfac-tion, productivity, increasing inventory turnover, improving systembackup, enhancing system availability, improving information sys-tems performance, right sizing, in addition to creating e�ective in-centive systems.Senior Management. Senior management is unwavering in its sup-port of increasing pro�ts. It strongly opposes increasing supplierswitching costs, increased risk, increases in the tax rate, increasedtaxes, increased expenses, and increased regulation. It is strongly infavor of increased market share, increased product or service quality,increasing productivity, increased revenues, increased sales, increased15



cash ow, increased competitive advantage, reducing costs, increasingthe quality of decision making, increased earnings, increased growth,being the low cost producer, product di�erentiation, right sizing, be-ing customer driven, reducing cycle times, maximumnet present valuefrom investment, fair and just executive pay, increased technologicaladvances, improving service, increased shareholder return on invest-ment, increased stock price, good cost bene�t ratio, short payo� pe-riod, increased internal rate of return, reducing opportunity costs, au-tomatingmanual processes, changing the organizational structure, re-ducing levels of management, improving communications, complyingwith legal and regulatory requirements, reengineering company oper-ations, responding to the competition, pleasing senior management,increasing span of control, centralizing decision making, decentral-izing decision making, creating information-based alliances, creatingbarriers to potential entrants, increased shareholder value, achievingan attractive industry position versus rivals, reengineering, increasingbuyer switching costs, and increasing pro�t margins. Senior man-agement is opposed to increased bureaucracy. Senior managementapproves of safety, niche marketing, globalization, and increased in-novation.3.5 Goal ConictsGiven at least three constituencies, the possibility of four types of organizationsbeing involved, and the large number of goals described above, it is easy to �ndconicting goals when evaluating an IT investment opportunity. In fact, it is thisfailure to take conicting goals into account that is one of the major shortcomingsof capital budgeting approaches to the decision to invest in IT.As an example, a proposal for a new system to allow customers to order electron-ically might result in sta� increases and added expenses for technology when seniormanagement is focusing on overall cost and overhead reduction. A pharmaceuticalscompany had the objectives of doubling sales in four years with no increases in sta�.At the same time, it wanted to have more information systems to support marketingand sales without investing additional funds or increasing the size of the informationservices department.An approach to deciding whether or not to invest in a new IT project basedpurely on �nancial criteria is likely to be unsatisfactory given the entities involvedand their conicting goals. We propose a new qualitative approach to this decisionproblem based on a system which explicitly considers di�erent and conicting goalsin recommending an outcome.4 Burlington Northern: The ARES DecisionIn July 1990, Burlington Northern's senior executives were decidingwhether to invest in ARES (Advanced Railroad Electronics System), anautomated railroad control system. ARES, expected to cost $350 million,would radically change how railroad operations were planned and con-trolled. The potential implications of this investment were so extensivethat they a�ected virtually all parts of the BN organization. Nine yearshad passed since BN managers had begun to consider whether automated16



control technology could be applied to the railroad. Yet managers werestill divided about whether the ARES project should be continued. [12]This case presents a complex set of quantitative and qualitative factors that mustbe assessed.ARES was expected to save $190 million in reduced labor costs - hence, jobsecurity may be a concern to the operations sta�. Also, Jim Dagnon (Senior VP -Labor Relations) noted that conductors are not too enthusiastic about ARES, sinceit will reduce their job responsibilities.Opportunity cost appears as a justi�cation on both sides of this decision. SinceBN has limited investment funds available, then investing in ARES may precludeother investment opportunities, such as the MIS upgrades that Brock Storm (VP -Info Sys) says are needed to support potential strategic changes.Greenwood (COO) and Lewis (VP - Strategic Planning) both are concernedthat a massive reorganization would be required to take advantage of the bene�ts ofARES, and they are concerned about the cost and feasibility of such a reorganization.Reducing debt is an urgent concern to BN, largely because they have a higherdebt-to-capital-ratio than is typical in the railroad industry. Grinstein (CEO) andBell (CFO) have both made it clear that reducing debt is a top corporate priority.Using current income to �nance ARES as opposed to retiring debt is thus a majorconcern to senior management.It is evident that senior management is very concerned about the �nancial risks(and to a lesser extent the technical risks) associated with the project. For example,Greenwood thinks that the total costs of the project could be considerably largerthan the $350 million estimate when the costs of reorganization are factored in.Brock Storm pointed out the notoriously poor record of estimating the costs ofIT projects, and suggested that the costs and time required for development couldwell exceed estimates. Other managers were concerned that ARES may not becompatible with another information system, ATCS, currently under development.It is also evident that the managers are concerned with the uncertainty surround-ing the bene�ts of ARES. Senior management had a feeling that they could get 80%of the bene�ts for 20% of the costs, but they had no evidence. They were also skepti-cal of the estimates of the price gains possible by improving service reliability. Theywere so concerned about the level of uncertainty that they hired SRI internationalto audit the cost/bene�t study and perform additional analysis.Still, there are additional arguments on the positive side. ARES will provide asophisticated communications network that transmits almost real-time informationto track train locations, thereby improving business control and the reliability ofdelivery schedules.Since the underlying technology had not been used before in the railroad in-dustry, ARES represents an innovative application of IT. Assuming the applicationis successful, BN may attract market share from the other rail carriers and maybeeven from the trucking industry. Grinstein believes that it may lead to a competitiveadvantage for BN.Finally, Dagnon believes that ARES may lead to an overall improvement inemployee satisfaction. This is based on the safety improvements o�ered by ARES,as well as the fact that unscheduled work will be reduced.We have represented this case using the VOTE model. We note that this simu-lation is quite limited, even by VOTE's standards, for several reasons.� We do not have speci�c representations for the individual decision makers'personal preferences. 17



� We do not have a \voting record" of past choices for the decision makers.� The case does not fully present the reasons for opposing this decision.Below is natural language output for VOTE's representation of the choice, tofund or not to fund ARES.Support of investing $340 million in ARES upholds improving thereliability of the product or service, increased innovation, increased com-petitive advantage, increased market share, improving work scheduling,capturing data for analysis, increased volume, improving service, in-creased capacity with no additional resources, reducing costs, increas-ing e�ciency, improving accuracy and reducing errors, reducing cycletimes, workplace safety, increased prices, reducing the cost of not invest-ing, product di�erentiation, improving control of the business, improvingcommunications, as well as providing information to track processes. Itis consistent with increased employee satisfaction.Opposition to ARES stands completely against increased debt, in-creased expenses, as well as increased risk. It is an essential element ofreducing uncertainty. It stands �rmly against changing the organizationalstructure. Opposition to ARES upholds increased cash ow, decreasingthe chance of failure, and reducing opportunity costs. Opposition toARES is compatible with job security, increasing skill content of jobs,and increased earnings.Next, we present the output of VOTE simulating the decisions of various BNexecutives.� Gerald Grinstein, CEO.Gerald Grinstein endorses investing $340 million in ARES. Hebelieves that sincere people have trouble balancing the tradeo�s pre-sented by this plan. He readily endorses improving communications.Grinstein is strongly in favor of product di�erentiation. Grinstein isstrongly in favor of reducing the cost of not investing. He believes inreducing cycle times. He strongly supports reducing costs. Grinsteinreadily endorses improving service. Grinstein is eager to show hissupport for increased market share. He believes in increased compet-itive advantage. He supports workplace safety. Grinstein approvesof increased innovation. Still, Grinstein appreciates that senior man-agement is eager to support decreased risk. It is strongly in favorof reducing costs. It strongly supports increased earnings. Seniormanagement is strongly in favor of increased cash ow. Senior man-agement cares deeply about reducing opportunity costs.� Jim Dagnon, Senior VP for Labor Relations.Jim Dagnon favors investing $340 million in ARES. He believesthat sincere people have trouble balancing the tradeo�s presented bythis plan. He stands for workplace safety. Dagnon is a defender ofincreased employee satisfaction. Dagnon is committed to increasedmarket share. He stands for increased competitive advantage. Hebelieves in reducing cycle times. Dagnon is eager to support reducingcosts. Dagnon strongly supports improving service. He is a defenderof improving communications. He readily endorses product di�eren-tiation. Dagnon is committed to reducing the cost of not investing.18



Dagnon is in favor of increased innovation. Still, he realizes that em-ployees are a defender of increasing skill content of jobs. They readilyendorse job security. Senior management readily endorses reducingopportunity costs. It strongly supports decreased risk. It is stronglyin favor of reducing costs. Senior management believes in increasedearnings. Senior management believes in increased cash ow.� Joe Galassi, executive vice president, Operations.Joe Galassi is in favor of investing $340 million in ARES. He be-lieves that the consensus of opinion supports this measure. He isa defender of improving communications. Galassi readily endorsesimproving control of the business. Galassi believes in reducing cy-cle times. He stands for increasing e�ciency. He is eager to showhis support for reducing costs. Galassi is eager to support increasedcapacity with no additional resources. Galassi strongly supports cap-turing data for analysis. He believes in improving work scheduling.He stands for providing information to track processes. Galassi iseager to show his support for increased innovation. Even so, Galassiunderstands that line management readily endorses decreasing thechance of failure. It cares deeply about reducing uncertainty.� John Smith, typical employee.John Smith favors investing $340 million in ARES. He believesthat the consensus of opinion supports this measure. He cares deeplyabout increased employee satisfaction. Smith feels strongly in favorof workplace safety. Still, Smith understands that employees feelstrongly in favor of increasing skill content of jobs. They believe injob security.An annotated, detailed transcript of VOTE processing an ARES decision appearsas Appendix B.5 Future Work and ConclusionVOTE provides an explicit computational model of qualitative reasoning based ona decision maker's goals and relationships. The program includes the ability toproduce a natural language explanation of the decision. VOTE originally operatedin the domain of Congressional roll call voting. We have begun to apply VOTE tobusiness decisions, particularly in the domain of information technology investment.Our preliminary e�orts demonstrate the feasibility of this approach, which mayprovide a mechanism for revealing hidden assumptions or even alternatives in sim-ulated decisions.Much work remains. Topics of future research include the following.Language generation. The natural language generation routines in VOTE weredesigned for political discourse. In applying VOTE to business domains, thegeneration programs need to be modi�ed to produce idiomatic business output.Business decision strategies. VOTE's decision strategies determine both the choicecriteria and the explanation for the resulting decision. These strategies weretailored for roll call voting and need to be adapted and extended for businessdecisions. 19



Integrating quantitative data. In spite of the pervasive utility of qualitativedecision making, business decisions clearly require use of quantitative data.Costs, revenues, pro�ts, and other business issues must be subject to quanti-tative analysis.Case-based Reasoning. A key component of human decision making is the abilityto reason based on prior experience. Case-based reasoning [30] provides a wayto apply past cases to new decisions. By creating a library of past business caseswith appropriate issue-based indices, we can increase the depth and robustnessof VOTE's business decision making. A new decision may then be analyzedand explained in terms of past cases.Empirical veri�cation. Given that this work claims to be a cognitive model ofdecision making, we would like to apply the VOTE business program to realworld problems. Ideally, we would obtain subjects who themselves make signif-icant business decisions and use VOTE to model their �rst-hand experiences.The �rst e�orts at modeling the IT investment decision using the structure ofVOTE look very promising. Conventional approaches that stress �nancial criteriacan overlook important considerations in the investment decision. The approachtaken by VOTE helps the organization include di�ering goals and objectives andconsider the di�erent positions of those involved in the decision. VOTE makes itpossible to expand quantitative criteria like net present value to include importantqualitative factors in a decision. A qualitative approach to decisions on IT investmentmore closely mirrors the reality of the decision. Such an approach should result inbetter decisions and in participants who are comfortable with the outcome.References[1] E. Abrahamson. Managerial Fads and Fasions: The Di�usion and Rejection ofInnovations. Academy of Management Review 16, Nr. 3 (1991), 586{612.[2] R. Agarwal, M. Tanniru, and M. Dacruz. Knowledge-Based Support for Com-bining Qualitative and Quantitative Judgments in Resource Allocation Deci-sions. Journal of Management Information Systems 9, Nr. 1 (Summer 1992),165{184.[3] C. Bacon. The Use of Decision Criteria in Selecting Information Sys-tems/Technology Investments. MIS Quarterly 16, Nr. 3 (September 1992),335{353.[4] R. E. Cases, and P. Ghemawat. Identifying Mobility Barriers. Strategic Man-agement Journal 13, Nr. 1 (1992), 1{12.[5] J. I. Cash, F. W. McFarlan, J. L. McKenney, and L. M. Applegate. CorporateInformation Systems Management: Text and Cases, 3rd ed. Irwin, Homewood,IL, 1992.[6] T. H. Davenport, and J. E. Short. The New Industrial Engineering: InformationTechnology and Business Process Redesign. Sloan Management Review 31, Nr.4 (Summer 1990), 11{27.[7] W. H. Davidson. Beyond Re-engineering: The Three Phases of Business Trans-formation. IBM Systems Journal 32, Nr. 1 (1993), 65{79.[8] G. W. Dickson, and J. C. Wetherbe. The Management of Information Systems.McGraw-Hill, New York, 1985. 20
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[29] S. B. Slade. A Goal-based Model of Interpersonal Relationships. In Proceedingsof the Twelfth Annual Conference of the Cognitive Science Society (Boston,MA, August 1990), Cognitive Science Society, pp. 836{843.[30] S. B. Slade. Case-based Reasoning: A Research Paradigm. AI Magazine 12,Nr. 1 (Spring 1991), 42{55.[31] S. B. Slade. Goal-based Decision Strategies. In Proceedings of the ThirteenthAnnual Conference of the Cognitive Science Society (Chicago, IL, August 1991),Cognitive Science Society, pp. 593{598.[32] S. B. Slade. Generating Explanations for Goal-based Decision Making. DecisionSciences 23 (November-December 1992), 1440{1461.[33] S. B. Slade. Goal-based Decision Making: An Interpersonal Model. LawrenceErlbaum Associates, Hillsdale, NJ, 1993.[34] K. Y. Tam. Capital Budgeting in Information Systems Development. Informa-tion and Management 23, Nr. 6 (December 1992), 345{357.[35] J. A. White, M. H. Agee, and K. E. Case. Principles of Engineering EconomicAnalysis, 2nd ed. John Wiley and Sons, New York, 1984.[36] S. Zubo�. In the Age of the Smart Machine. Basic Books, New York, 1988.Appendix A: IssuesBelow we list the summary contents of the ISSUE database. Each entry has thefollowing features.� An index number.� A name.� An optional type, e.g., QUANTITY� An optional normative value, e.g., +B indicates a PRO stance with importanceB, suggesting that most people are in favor of this issue.� An optional list of symbolic synonyms for this issue.We do not claim that this is an exhaustive list. However, the number of issuesgiven here suggests that business decisions can be quite complex. Also, most ofthe issues are not readily quanti�able, and thus are not amenable to traditionalquantitative analysis. The traditional economic tenet of maximizing pro�ts requiresconsiderable elaboration.0 Accomplish basic mission +B(BASIC-MISSION)1 Accuracy +B2 Alliance +B3 Attractive industry position +B(ATTRACTIVE-POSITION)4 Bureaucracy -B5 Buyer switching costs +B(BUYER-SWITCHING-COSTS)6 Cannibalization -B(CANNIBALISM)7 Capturing data for analysis +C(CAPTURE-DATA)8 Cash flow QUANTITY +B(CASH-FLOW)9 Cash on hand QUANTITY +B(CASH-ON-HAND)10 Centralize decision making (CENTRALIZE)11 Change organizational structure -C(CHANGE-ORG-STRUCTURE12 Closer ties to customer +C(TIES-TO-CUSTOMERS)22



13 Communications +B14 Compensation QUANTITY +C(PAY WAGES SALARY)15 Competitive advantage +B(COMPETITIVE-ADVANTAGE)16 Control +B17 Coordinate work +B(COORDINATE-WORK)18 Cost benefit ratio +B(COST-BENEFIT)19 Cost reduction +B(REDUCE-COSTS)20 Customer control +B(CUSTOMER-CONTROL)21 Customer driven +B(CUSTOMER-DRIVEN)22 Customer interface +B(CUSTOMER-INTERFACE)23 Customer satisfaction +C(CUSTOMER-SATISFACTION)24 Customization +B25 Data storage +B(DATA-STORAGE)26 Debt QUANTITY -C(DEBT)27 Decentralize decision making (DECENTRALIZE)28 Decision Making +B(DECISION-MAKING)29 Delivery time +B(DELIVERY-TIME)30 Develop high-impact IS systems +C(HIGH-IMPACT-SYSTEMS)31 Dividends QUANTITY +B32 Dow Jones Industrial Average STATISTIC +B(DJIA)33 Earnings QUANTITY +B(EARNINGS)34 Earnings per share RATIO +B(EARNINGS-PER-SHARE)35 Efficiency +B36 Employee satisfaction +B(EMPLOYEE-SATISFACTION)37 Employee stock ownership plan PLAN (ESOP)38 Entry barriers +B(ENTRY-BARRIERS)39 Equity base +B(EQUITY-BASE EQUITY)40 Executive compensation -C(EXECUTIVE-COMPENSATION)41 Expenses QUANTITY -B(COSTS)42 Failure +B43 Flexibility +B44 Globalization +B(GLOBAL)45 Growth PERCENTAGE+B46 Hardware architecture +B(HARDWARE)47 IS infrastructure +B(IS-INFRASTRUCTURE)48 Incentive system +B(INCENTIVES)49 Increase span of control +C(SPAN-OF-CONTROL)50 Increased capacity +B(INCREASED-CAPACITY)51 Inflation RATE -B52 Innovation +C53 Insider trading PLAN -B(INSIDER-TRADING)54 Interest rates RATE -B(INTEREST-RATES)55 Internal rate of return RATE +B(IROR INTERNAL-RATE-OF-RETURN)56 Inventory turnover RATE +B(INVENTORY-TURNOVER)57 Job security +C(JOB-SECURITY)58 Job skilling +B(JOB-SKILLING)59 Legal and regulatory requirements +C(LEGAL-REQUIREMENTS)60 Leverage RATIO +B(LEVERAGE)61 Liquidity VALUE +C62 Low cost producer +C(LOW-COST-PRODUCER)63 Management desire +C(MANAGEMENT-DESIRE)23



64 Manual processes +B(MANUAL-PROCESSES)65 Market Share PERCENTAGE+C(MARKET-SHARE)66 Marketing +B67 Maximize NPV QUANTITY +B(MAXIMIZE-NPV)68 Maximize performance measures +B(PERFORMANCE-MEASURES)69 Merger PLAN70 Network architecture +B(NETWORK)71 New markets +B(NEW-MARKETS NEW-MARKET)72 New product +B(NEW-PRODUCT)73 Niche marketing +C(NICHE-MARKETING)74 Opportunity cost +B(OPPORTUNITY-COST)75 Outstanding shares QUANTITY (OUTSTANDING-SHARES)76 Paperwork +B77 Payoff period DURATION +B(PAYOFF-PERIOD)78 Price/Earnings Ratio RATIO +B(P/E)79 Prices MONEY80 Process response time DURATION +B(PROCESS-RESPONSE-TIME)81 Product development time DURATION +B(PRODUCT-DEVELOPMENT-TIME)82 Product differentiation +B(PRODUCT-DIFFERENTIATION)83 Product quality +B(PRODUCT-QUALITY84 Product reliability +B(RELIABILITY PRODUCT-RELIABILITY)85 Productivity +B86 Profit margins +B(PROFIT-MARGINS)87 Profit sharing PLAN +B(PROFIT-SHARING)88 Profits QUANTITY +A89 Program trading -C(PROGRAM-TRADING)90 Reduce cycle times +B(REDUCE-CYCLE-TIMES91 Reduced levels of management +B(REDUCE-LEVELS-OF-MANAGEMENT)92 Reengineering +B(REENGINEERING)93 Regulations -B94 Respond to competitor +B(RESPOND-TO-COMPETITOR)95 Responsive to user needs +B(RESPONSIVE-TO-USERS)96 Responsiveness to customers +B(RESPONSIVE-TO-CUSTOMERS)97 Revenues MONEY +B98 Right sizing +B(RIGHT-SIZING)99 Risk VALUE -B100 Sales MONEY +B101 Securities regulations RULES +C(SECURITIES-REGULATIONS)102 Security VALUE +B103 Service +B104 Shareholder return on investment PERCENT+A(RETURN-ON-INVESTMENT)105 Shareholder value +B(SHAREHOLDER-VALUE)106 Simplify order placing +B(ORDER-PLACING)107 Social Responsibility VALUE +C(SOCIAL-RESPONSIBILITY)108 Software architecture +B(SOFTWARE)109 Status information +B(STATUS-INFORMATION)110 Stock Price MONEY +B(STOCK-PRICE PRICE)111 Stock buyback PLAN +B(STOCK-BUYBACK)112 Stock dividend MONEY +B(STOCK-DIVIDEND)113 Stock split PLAN +B(STOCK-SPLIT)114 Supplier switching costs MONEY -B(SUPPLIER-SWITCHING-COSTS)24



115 Supplier ties +B(SUPPLIER-TIES)116 System availability +B(AVAILABILITY)117 System backup +B(BACKUP SYSTEM-BACKUP)118 System connectivity (CONNECTIVITY)119 System performance +B(SYSTEM-PERFORMANCE)120 System response time +B(SYSTEM-RESPONSE-TIME)121 System security +B(SYSTEM-SECURITY)122 Takeover PLAN123 Taking over customer processes +C(CUSTOMER-FUNCTIONS)124 Tax Rate PERCENTAGE-B(TAX-RATE)125 Taxes QUANTITY -B126 Technological advances +B(TECHNOLOGICAL-ADVANCES)127 Tracking information +B(TRACKING-INFORMATION)128 Trade secrets +C(TRADE-SECRETS)129 Uncertainty +B130 Use exciting technology +C(EXCITING-TECHNOLOGY)131 User interfaces +B(INTERFACES USER-INTERFACES)132 User satisfaction +B(USER-SATISFACTION)133 Volume QUANTITY +B134 Work pace +B(WORK-PACE)135 Work scheduling +B(WORK-SCHEDULING)136 Workplace safety +B(WORKPLACE-SAFETYSAFETY)Appendix B: Annotated TranscriptBelow we present an annotated transcript of VOTE simulating the decision of JimDagnon, the Senior VP for Labor Relations. Dagnon must be sensitive both to theconcerns of senior management, and to those of the employees.> (vote 'dagnon 'ares)Extracting stances based on voting record of Jim Dagnon...done.** Decision: @13* Agent: Jim Dagnon* Option: Burlington Northern ARES Decision* ARES will give Operations better control over its assets.* We will schedule locomotives and cars more precisely, and get more* efficiency and utilization of locomotives and tracks. ARES will* also enable us to service our customers better by offering more* reliable and predictable deliveries.* Inferring stances from relations of Jim Dagnon...done.********************************************************************** Analyzing alternative positions **********************************************************************At this point, VOTE has inferred the basic set of preferences for Dagnon. In this case,there is no voting record, so all the major stances come from Dagnon's constituencies25



of senior management and the employees.Next, VOTE matches these preferences with the consequences of deciding for oragainst (AGN) this plan.********************************************************************** Vote FOR ARES **********************************************************************Considering implications of vote FOR ARESMatching agent stances with option stances:#{Stance (14) [C:PRO] EMPLOYEE-SATISFACTION (OPTION:ARES)}#{Stance (15) [B:PRO] MARKET-SHARE (OPTION:ARES)}#{Stance (16) [B:PRO] COMPETITIVE-ADVANTAGE (OPTION:ARES)}#{Stance (17) [B:PRO] INNOVATION (OPTION:ARES)}#{Stance (18) [B:PRO] RELIABILITY (OPTION:ARES)}#{Stance (19) [B:PRO] TRACKING-INFORMATION (OPTION:ARES)}#{Stance (20) [B:PRO] COMMUNICATIONS (OPTION:ARES)}#{Stance (21) [B:PRO] CONTROL (OPTION:ARES)}#{Stance (22) [B:PRO] PRODUCT-DIFFERENTIATION (OPTION:ARES)}#{Stance (23) [B:PRO] OPPORTUNITY-COST (OPTION:ARES)}#{Stance (24) [B:PRO] PRICES (OPTION:ARES)}#{Stance (25) [B:PRO] SAFETY (OPTION:ARES)}#{Stance (26) [B:PRO] CYCLE-TIMES (OPTION:ARES)}#{Stance (27) [B:PRO] ACCURACY (OPTION:ARES)}#{Stance (28) [B:PRO] EFFICIENCY (OPTION:ARES)}#{Stance (29) [B:PRO] REDUCE-COSTS (OPTION:ARES)}#{Stance (30) [B:PRO] CAPACITY (OPTION:ARES)}#{Stance (31) [B:PRO] SERVICE (OPTION:ARES)}#{Stance (32) [B:PRO] VOLUME (OPTION:ARES)}#{Stance (2) [B:PRO] DATA (OPTION:ARES)}#{Stance (1) [B:PRO] WORK-SCHEDULING (OPTION:ARES)}Sorting stances based on EQUITY order...done.
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Stances FOR: (((PRO B GROUP:EMPLOYEES WORKPLACE-SAFETY)(PRO B GROUP:EMPLOYEES EMPLOYEE-SATISFACTION)(PRO B GROUP:SENIOR-MANAGEMENT MARKET-SHARE)(PRO BGROUP:SENIOR-MANAGEMENTCOMPETITIVE-ADVANTAGE)(PRO B GROUP:SENIOR-MANAGEMENT CYCLE-TIMES)(PRO B GROUP:SENIOR-MANAGEMENT REDUCE-COSTS)(PRO B GROUP:SENIOR-MANAGEMENT SERVICE)(PRO BGROUP:SENIOR-MANAGEMENTCOMMUNICATIONS)(PRO BGROUP:SENIOR-MANAGEMENTPRODUCT-DIFFERENTIATION)(PRO BGROUP:SENIOR-MANAGEMENTOPPORTUNITY-COST)(PRO CGROUP:SENIOR-MANAGEMENTWORKPLACE-SAFETY)(PRO C GROUP:SENIOR-MANAGEMENT INNOVATION)))********************************************************************** Vote AGN ARES **********************************************************************Considering implications of vote AGN ARESMatching agent stances with option stances:#{Stance (35) [A:CON] DEBT (OPTION:ARES)}#{Stance (36) [B:CON] CHANGE-ORG-STRUCTURE (OPTION:ARES)}#{Stance (37) [B:PRO] OPPORTUNITY-COST (OPTION:ARES)}#{Stance (38) [C:PRO] JOB-SKILLING (OPTION:ARES)}#{Stance (39) [C:PRO] JOB-SECURITY (OPTION:ARES)}#{Stance (40) [B:PRO] FAILURE (OPTION:ARES)}#{Stance (41) [A:PRO] UNCERTAINTY (OPTION:ARES)}#{Stance (42) [A:CON] RISK (OPTION:ARES)}#{Stance (43) [A:CON] EXPENSES (OPTION:ARES)}#{Stance (4) [C:PRO] EARNINGS (OPTION:ARES)}#{Stance (3) [B:PRO] CASH-FLOW (OPTION:ARES)}Sorting stances based on EQUITY order...done.Stances AGN: (((PRO B GROUP:EMPLOYEES JOB-SKILLING)(PRO B GROUP:EMPLOYEES JOB-SECURITY)(PRO BGROUP:SENIOR-MANAGEMENTOPPORTUNITY-COST)(CON B GROUP:SENIOR-MANAGEMENT RISK)(CON B GROUP:SENIOR-MANAGEMENT EXPENSES)(PRO B GROUP:SENIOR-MANAGEMENT EARNINGS)(PRO B GROUP:SENIOR-MANAGEMENT CASH-FLOW)))There are many reasons on both sides of this decision. VOTE now applies its decisionstrategies to determine its choice. 27



********************************************************************** Applying decision strategies **********************************************************************Trying decision strategy: Popular decision...failed.Trying decision strategy: Non-partisan decision...failed.Trying decision strategy: Unimportant Bill...failed.Trying decision strategy: Minimize adverse effects...failed.Trying decision strategy: Inconsistent constituency...success.Found a consensus FOR this plan.The most important stances are all FOR this plan:Group: ((FOR ((PRO B GROUP:EMPLOYEES WORKPLACE-SAFETY)(PRO BGROUP:EMPLOYEESEMPLOYEE-SATISFACTION))))Norm: ((FOR ((PRO B ISSUE:ISSUE.395 WORKPLACE-SAFETY)(PRO BISSUE:ISSUE.126EMPLOYEE-SATISFACTION)(PRO BISSUE:ISSUE.287COMPETITIVE-ADVANTAGE)(PRO BISSUE:ISSUE.114REDUCE-CYCLE-TIMES)(PRO B ISSUE:ISSUE.295 REDUCE-COSTS)(PRO B ISSUE:ISSUE.294 SERVICE)(PRO B ISSUE:ISSUE.98 COMMUNICATIONS)(PRO BISSUE:ISSUE.109PRODUCT-DIFFERENTIATION)(PRO B ISSUE:ISSUE.188 OPPORTUNITY-COST))))The same group has stances on both sides of this plan:(#{Stance (48) [B:PRO] OPPORTUNITY-COST (GROUP:SENIOR-MANAGEMENT)})Adding current vote to DECISION database...done.The program found a strategy that works. VOTE now adds the outcome to itsdecision database and produces a natural language explanation.********************************************************************** Decision @13 **********************************************************************Status: ("Active")Isa-depth: ("")Symbol: (DECISION.177)Option: #{Option (49) Burlington Northern ARES Decision}Agent: #{Agent (50) Jim Dagnon}28



For-stances: (((PRO B GROUP:EMPLOYEES WORKPLACE-SAFETY)(PRO B GROUP:EMPLOYEES EMPLOYEE-SATISFACTION)(PRO B GROUP:SENIOR-MANAGEMENT MARKET-SHARE)(PRO BGROUP:SENIOR-MANAGEMENTCOMPETITIVE-ADVANTAGE)(PRO B GROUP:SENIOR-MANAGEMENT CYCLE-TIMES)(PRO B GROUP:SENIOR-MANAGEMENT REDUCE-COSTS)(PRO B GROUP:SENIOR-MANAGEMENT SERVICE)(PRO B GROUP:SENIOR-MANAGEMENT COMMUNICATIONS)(PRO BGROUP:SENIOR-MANAGEMENTPRODUCT-DIFFERENTIATION)(PRO BGROUP:SENIOR-MANAGEMENTOPPORTUNITY-COST)(PRO CGROUP:SENIOR-MANAGEMENTWORKPLACE-SAFETY)(PRO C GROUP:SENIOR-MANAGEMENT INNOVATION)))Agn-stances: (((PRO B GROUP:EMPLOYEES JOB-SKILLING)(PRO B GROUP:EMPLOYEES JOB-SECURITY)(PRO BGROUP:SENIOR-MANAGEMENTOPPORTUNITY-COST)(CON B GROUP:SENIOR-MANAGEMENT RISK)(CON B GROUP:SENIOR-MANAGEMENT EXPENSES)(PRO B GROUP:SENIOR-MANAGEMENT EARNINGS)(PRO B GROUP:SENIOR-MANAGEMENT CASH-FLOW)))Number-for: (12)Number-agn: (7)Group-for: (((PRO B GROUP:EMPLOYEES WORKPLACE-SAFETY)(PRO B GROUP:EMPLOYEES EMPLOYEE-SATISFACTION)(PRO B GROUP:SENIOR-MANAGEMENT MARKET-SHARE)(PRO BGROUP:SENIOR-MANAGEMENTCOMPETITIVE-ADVANTAGE)(PRO B GROUP:SENIOR-MANAGEMENT CYCLE-TIMES)(PRO B GROUP:SENIOR-MANAGEMENT REDUCE-COSTS)(PRO B GROUP:SENIOR-MANAGEMENT SERVICE)(PRO B GROUP:SENIOR-MANAGEMENT COMMUNICATIONS)(PRO BGROUP:SENIOR-MANAGEMENTPRODUCT-DIFFERENTIATION)(PRO BGROUP:SENIOR-MANAGEMENTOPPORTUNITY-COST)(PRO CGROUP:SENIOR-MANAGEMENTWORKPLACE-SAFETY)(PRO C GROUP:SENIOR-MANAGEMENT INNOVATION)))29



Group-agn: (((PRO B GROUP:EMPLOYEES JOB-SKILLING)(PRO B GROUP:EMPLOYEES JOB-SECURITY)(PRO BGROUP:SENIOR-MANAGEMENTOPPORTUNITY-COST)(CON B GROUP:SENIOR-MANAGEMENT RISK)(CON B GROUP:SENIOR-MANAGEMENT EXPENSES)(PRO B GROUP:SENIOR-MANAGEMENT EARNINGS)(PRO B GROUP:SENIOR-MANAGEMENT CASH-FLOW)))For-norms: (((PRO B ISSUE:ISSUE.395 WORKPLACE-SAFETY)(PRO B ISSUE:ISSUE.126 EMPLOYEE-SATISFACTION)(PRO C ISSUE:ISSUE.101 MARKET-SHARE)(PRO B ISSUE:ISSUE.287 COMPETITIVE-ADVANTAGE)(PRO B ISSUE:ISSUE.114 REDUCE-CYCLE-TIMES)(PRO B ISSUE:ISSUE.295 REDUCE-COSTS)(PRO B ISSUE:ISSUE.294 SERVICE)(PRO B ISSUE:ISSUE.98 COMMUNICATIONS)(PRO BISSUE:ISSUE.109PRODUCT-DIFFERENTIATION)(PRO B ISSUE:ISSUE.188 OPPORTUNITY-COST)(PRO C ISSUE:ISSUE.292 INNOVATION)))Agn-norms: (((PRO B ISSUE:ISSUE.250 JOB-SKILLING)(PRO C ISSUE:ISSUE.382 JOB-SECURITY)(PRO B ISSUE:ISSUE.188 OPPORTUNITY-COST)(CON B ISSUE:ISSUE.139 RISK)(CON B ISSUE:ISSUE.283 EXPENSES)(PRO B ISSUE:ISSUE.134 EARNINGS)(PRO B ISSUE:ISSUE.284 CASH-FLOW)))Agn-bnorms: (((PRO B ISSUE:ISSUE.284 CASH-FLOW)(PRO B ISSUE:ISSUE.134 EARNINGS)(CON B ISSUE:ISSUE.283 EXPENSES)(CON B ISSUE:ISSUE.139 RISK)(PRO B ISSUE:ISSUE.96 UNCERTAINTY)(PRO B ISSUE:ISSUE.303 FAILURE)(PRO C ISSUE:ISSUE.382 JOB-SECURITY)(PRO B ISSUE:ISSUE.250 JOB-SKILLING)(PRO B ISSUE:ISSUE.188 OPPORTUNITY-COST)(CON C ISSUE:ISSUE.128 CHANGE-ORG-STRUCTURE)(CON C ISSUE:ISSUE.847 DEBT)))Split-group: (((PRO BGROUP:SENIOR-MANAGEMENTOPPORTUNITY-COST)))Mi-stance: ((FOR ((PRO B GROUP:EMPLOYEES WORKPLACE-SAFETY)(PRO BGROUP:EMPLOYEESEMPLOYEE-SATISFACTION))))Mi-group: ((FOR ((PRO B GROUP:EMPLOYEES WORKPLACE-SAFETY)(PRO BGROUP:EMPLOYEESEMPLOYEE-SATISFACTION))))30



Mi-norm: ((FOR ((PRO B ISSUE:ISSUE.395 WORKPLACE-SAFETY)(PRO BISSUE:ISSUE.126EMPLOYEE-SATISFACTION)(PRO BISSUE:ISSUE.287COMPETITIVE-ADVANTAGE)(PRO BISSUE:ISSUE.114REDUCE-CYCLE-TIMES)(PRO B ISSUE:ISSUE.295 REDUCE-COSTS)(PRO B ISSUE:ISSUE.294 SERVICE)(PRO B ISSUE:ISSUE.98 COMMUNICATIONS)(PRO BISSUE:ISSUE.109PRODUCT-DIFFERENTIATION)(PRO B ISSUE:ISSUE.188 OPPORTUNITY-COST))))Strategy: #{Strategy (55) Inconsistent constituency}Result: (FOR)Reason: ((((PRO B GROUP:EMPLOYEES WORKPLACE-SAFETY)(PRO CGROUP:SENIOR-MANAGEMENTWORKPLACE-SAFETY))((PRO B GROUP:EMPLOYEES EMPLOYEE-SATISFACTION))((PRO B GROUP:SENIOR-MANAGEMENT MARKET-SHARE))((PRO BGROUP:SENIOR-MANAGEMENTCOMPETITIVE-ADVANTAGE))((PRO B GROUP:SENIOR-MANAGEMENT CYCLE-TIMES))((PRO B GROUP:SENIOR-MANAGEMENT REDUCE-COSTS))((PRO B GROUP:SENIOR-MANAGEMENT SERVICE))((PRO BGROUP:SENIOR-MANAGEMENTCOMMUNICATIONS))((PRO BGROUP:SENIOR-MANAGEMENTPRODUCT-DIFFERENTIATION))((PRO BGROUP:SENIOR-MANAGEMENTOPPORTUNITY-COST))((PRO C GROUP:SENIOR-MANAGEMENT INNOVATION))))
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Downside: ((((PRO B GROUP:EMPLOYEES JOB-SKILLING))((PRO B GROUP:EMPLOYEES JOB-SECURITY))((PRO BGROUP:SENIOR-MANAGEMENTOPPORTUNITY-COST))((CON B GROUP:SENIOR-MANAGEMENT RISK))((CON B GROUP:SENIOR-MANAGEMENT EXPENSES))((PRO B GROUP:SENIOR-MANAGEMENT EARNINGS))((PRO B GROUP:SENIOR-MANAGEMENT CASH-FLOW))))********************************************************************** English rationale: **********************************************************************Jim Dagnon favors investing $340 million in ARES. He believes thatsincere people have trouble balancing the tradeo�s presented by this plan.He stands for workplace safety. Dagnon is a defender of increased em-ployee satisfaction. Dagnon is committed to increased market share. Hestands for increased competitive advantage. He believes in reducing cy-cle times. Dagnon is eager to support reducing costs. Dagnon stronglysupports improving service. He is a defender of improving communica-tions. He readily endorses product di�erentiation. Dagnon is committedto reducing the cost of not investing. Dagnon is in favor of increasedinnovation. Still, he realizes that employees are a defender of increasingskill content of jobs. They readily endorse job security. Senior manage-ment readily endorses reducing opportunity costs. It strongly supportsdecreased risk. It is strongly in favor of reducing costs. Senior man-agement believes in increased earnings. Senior management believes inincreased cash ow.********************************************************************** End of Decision @13 **********************************************************************#{Decision (13) [FOR:ARES] Dagnon (() : ()) }
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