Norm Governed Agents In CSCWKecheng Liu and Alan DixSchool of Computing, Staffordshire UniversityPO Box 334, Stafford, ST18 0DG, UKK.Liu@soc.staffs.ac.uk, A.J.Dix@soc.staffs.ac.ukhttp://www.soc.staffs.ac.uk/~cmtkl/ssig.htmlAbstractInformation systems are organisations in which signs arecreated, processed and consumed for social and economicpurposes. In order to fulfil the organisational goals andobjectives, members within an organisation mustunderstand their responsibilities and authorities, and mustact cooperatively. The key to this organisation andcoordination lies in norms which define responsibilitiesand authorities for each human agent, and establishregularities of behaviour. In the context of computersupported cooperative work (CSCW), where �intelligent�software agents are involved, to understand the norms ofbehaviour of various human agents becomes critical.Software agents can perform some tasks autonomously onthe user�s behalf. but this autonomy is the result ofdelegation of job-functions and responsibilities within thatuser�s authority. Such delegation involves a set ofcomplicated philosophical and legal issues. Followingdiscussion on delineation of various boundaries ofresponsibility and authorities, this paper addresses normsand normative behaviour of human agents within anorganisation. Taxonomies of norms are discussed. Amethod of norm specification using deontic operators isdescribed, supported by a series of examples of bankingand email.MotivationInformation systems are organisations and are, therefore,social systems. In business operations, signs are created,processed and consumed within organisations for socialand economic purposes. In order to fulfil theorganisational goals and objectives, �actors� within anorganisation must act cooperatively, and the success of anorganisation depends on the work of all its members. Thecoodination and cooperation are achieved by the normsthat govern people’s behaviour. Advanced informationtechnology lends itself to support and facilitate thearticulation of distributed and dispersed work activities,thereby increasing productivity and efficiency dramaticallywhile quality of work is also improved. Such informationtechnology includes computer supported cooperative work(CSCW).In a large, distributed, network computer-based system,�intelligent� software components are often used. Suchsoftware components are labelled �intelligent agents�(Wooldridge & Jennings 1995). This notion may havebeen potentially confusing with human agents in a social,business situation. Human agents in a businessorganisation will act according to the social, organisationalnorms. They can be assigned duties and authorities, andcan be held responsible for their actions. Many of theseconcepts have been adopted by the AI (artificialintelligence) research community. In their definitions ofmachine �agency�, characteristics such as autonomy,social ability and communication with other agents arethought to be fundamental. A software agent is supposedto be capable of expressing beliefs, desires and intentions.However, key questions have to be asked before theagency theory is applied to machines. Do we understandthe patterns of human agents well enough? Are we able tocapture and represent human beliefs, desires andintentions? How do we express human authorities andresponsibilities?BackgroundIn a collaborative system, people have businessresponsibilities and commitments, some of which can bedelegated to software agents in many roles: proxies,performing actions and interacting with other agents on auser’s behalf; mediators, passing on or routing messages;translators, modifying the form of messages; orcoordinators, suggesting or determining allowable actionswithin the collaborative environment. From a semioticstandpoint we can see that most of these roles includeaspects of sign processing or transmission. We thereforelook to the software agents in a system and examine howthey help the human users in their work.Agency in collaborative workCSCW systems are composed of human users (humanagents), the media through which they communicate andthe objects on which they act (Dix, Finlay & Hassell1994). The objects are important both as the focus of workand as a means of communication through artefacts (Dix1994). However, for this paper we will concentrate on theagents and media. In addition, many CSCW systemsinclude software agents intended to improve the efficiencyand quality of work. In fact, the distinction between agentsin a software system and the media of communication isitself complex. Even in a physical medium such as thepostal system, human agents (the postman, sorting officestaff, etc.) act as mediators and routers of letters. Thesame may happen in a software system and, in addition,parts of the system labelled as agents may perform fairlytrivial tasks.

Characteristics of machine agentsAn agent is normally seen as a person who acts foranother, especially one who looks after or represents thebusiness affairs of a person or firm. In organisationalsemiotics, the term �agent� denotes a person or a group ofpeople in a social system who take responsibilities andperform actions (Stamper 1980; Stamper & Liu 1994).Recently the concept of agency has been adopted incomputing science, but used specifically to refer to asoftware component or an �intelligent� machine as an�agent� The computing technology of �intelligent agent�has proved useful in many application areas, for examplethe Internet, communications, network management,electronic commerce and database management. It is alsohighly relevant for CSCW because the number ofbeneficiaries is greater than in a single user situation, andhence the efficiency gain is much more significant.Research workers tend to agree on the followingcharacteristics necessary for a machine-based agent(Wooldridge & Jennings 1995): autonomy: it can operatewithout the direct intervention of humans or others, andhas some kind of control over its actions and internal state;social ability: it interacts with other agents (and possiblyhumans); reactivity: it has the ability to perceive itsenvironment (the physical world, a user, other agents, theInternet, etc.) and responding to changes in theenvironment; pro-activity: it takes initiatives and behavespro-actively in order to achieve pre-determined goals.Researchers in DAI (distributed artificial intelligence)claim that an intelligent software or machine agent has away to exhibit an intentional stance, such as knowledge,belief, desire, intention, obligation, commitment, choice,and so on (Wooldridge & Jennings 1995). It is believedthat these complex notions can be captured and representedto the extent that automatic manipulation and reasoningcan be performed on a rational basis. A great deal of efforthas been put into representation of �beliefs, desires andintentions� using modal logic, temporal logic and the like(e.g. Rao 1995). Success stories of machine agents can beseen in a number of applications areas. As reported bySmith and Mamdani (1996), they can be used to assistpeople with routine but important tasks, to undertakecomplex tasks rapidly, to act as gophers on a human user�sbehalf, to explore large cognitive search spaces, to findelusive solutions and to deal with data tasks.Warnings are given regarding issues such as responsibility,authority, liability and ethical questions (Nwana & Ndumu1996; Eichmann 1994). These issues have not, in general,been put on the immediate research agenda; therefore, littleattention has been paid to how to understand and handlethe questions of obligation, commitment, responsibilitiesand authorities. It is argued later in this paper that thesequestions are important and have immediate relevance.Norms and normative behaviourFive types of norms can be identified, each of whichgoverns a certain aspect of human behaviour (see Stamperet al. in these proceedings). Perceptual norms deal withhow people receive signals from the environment via theirsenses through media such as light, sound and taste.Cognitive norms enable one to incorporate the beliefs andknowledge of a culture, to interpret what is perceived, andto gain an understanding based on existing knowledge.Evaluative norms help explain why people have certainbeliefs, values and objectives. Behavioural norms governpeople�s behaviour within regular patterns. Finally,denotative norms direct the choices of signs for signifying;such choices are culture-dependent, e.g. the choice of acolour to signify happiness or sadness.Norms are developed through the practical experiences ofpeople in a culture, and in turn have functions of directing,coordinating and controlling actions within the culture. Aresearch group or a working team may have a sub-cultureand therefore may have �local� norms. The norms willprovide guidance for members to determine whethercertain patterns of behaviour are legal or acceptable withinthe given context. An individual member in thecommunity, having learned the norms, will be able to usethe knowledge to guide his or her actions, though he or shemay decide to take either a norm-conforming or a norm-breaking action (Liu, 1993). When the norms of anorganisation are learned, it will be possible for one toexpect and predict behaviour, and hence to collaboratewith others in performing coordinated actions. Once thenorms are understood, captured and represented in, forexample, the form of deontic logic, this will serve as abasis for programming intelligent agents to perform manyregular activities.Embedded Norms in Electronic MediaMost CSCW systems require some form of sign processingand transmission, often mediated by various levels ofelectronic media and computer agents. Thecommunication over such media will be governed bynorms of behaviour and communication, but with someintermediaries it becomes problematic where these normsare interpreted and understood. It is clear that a humantranslator working for a senior diplomat would not onlyuse semantic knowledge as part of the language translation,but would also use knowledge of the cultural anddiplomatic norms in choosing appropriate phrasing.Mediation and agencyThe most common form of electronic mediation is thetelephone. Although there is extensive signal processing(probably digital) and routing of signals, the medium issemantically neutral. The affordances (Gaver 1992) orconstraints (Clark 1991) of the medium may modifyhuman communication, but the norms are produced andinterpreted by the human users alone.Email is slightly more complex. In the simplest case anemail system consists of mail agents for each user and atransport medium (a computer network such as theInternet). The phrase �mail agent� is used to refer to theactual program the user interacts with; that is, the user interface of the email system. These agents are importantas they embody most of the �intelligence� of an emailsystem as a whole.Low-level email standardsBecause email operates across platforms and betweenproprietary systems, there are extensive standards coveringissues such as addressing, routing and message content.These standards can themselves be regarded as a form oflow-level norm and have arisen by a variety of processes:international committees such as X500, proprietarystandards such as MAPI and standards arising from agreedcommon usage such as the Internet standards. We shalllook at the Internet standards in more detail to see wherehigher levels of norm are embodied. As we move upthrough the levels of the system more complex norms areembodied.Consider an email message such as the one in Figure˚3. Atthe lowest level, email is delivered from machine tomachine using the Simple Mail Transfer Protocol (SMTP).The sending machine contacts the recipient or routingmachine, tells it who the message is for(A.J.Dix@soc.staffs.ac.uk, counter-staff@bigbank.com,and D.Tracy@fbi.gov), and who it is from(K.Thomas@bigbank.com) and then sends the body of themessage including all the headers

. This level of protocoldoes not look inside the message at all. It is likeaddressing an envelope, putting a return address on theback, putting a letter inside, sticking it down and thenposting it. The post office should not look inside theenvelope, but simply deliver it. Note especially that theinterpretation of headers is left entirely to the mail agents.The headers themselves and the body are subject tostandards governing various common headers with theirmeanings (From:, To:, Subject:, etc.) and the coding ofdifferent kinds of file format and media (MIME). TheSMTP does not check that the recipients or sender agreewith those in the body, or that the message is conformantwith MIME or other standards. Because of this neutralityof the underlying medium, mail agents can use differentencoding standards for email content and additionalheaders (normally prefixed with �X-�). Of course, if emailis sent between different kinds of email agent parts of themessage may not be properly interpreted, especially fileattachments.The message in Figure˚3 has a �To:� field, a �Cc:� (copyto) field and a �Bcc:� (blind copy) field. The email isdelivered to the recipients in all these fields. As far as theemail agent is concerned, when posting the message �To:�and �Cc:� are treated the same. However, it doesrecognise the different status of �Bcc:� and before sendingthe email it removes the �Bcc:� line from the header. Thatis, the email agent �understands� one aspect of the normsgoverning email usage. Where then lies the difference

between the �To:� field and the �Cc:� field? In fact, thedifference lies in the way the recipients interpret them(Dix,Finlay et al 1993). If you are named in the �To:� list, youwill feel a greater need to respond than if you are in the�Cc:� list, when you may simply need to take note of thecontents. The precise details will depend on the norms ofthe organisational culture of the sender and recipients (andmay be misunderstood because of the neutrality of themedium). However, the important thing is that theinterpretation of these norms is performed by the usersthemselves.Rules and filtersThe knowledge about �Bcc:� is built into the email agentby the designer. However, many email systems allowusers to specify filtering, which may alert the user, filemessages or even discard them according to simple rulessuch as:iffield �Subject:� contains �special offer�thenmove to TrashThese rules embody individual norms of behaviour that areexecuted by the mail agent. However, such rules arelimited by the restricted set of fields available. They allowsimple decisions based on sender or recipient (mailing listor personal), but more complex decisions require textmatching rules(as above) which are notoriously errorprone. Also note that participants in an email exchangemay not even be aware that their colleague is using anautomatic email filter.Semi-structured message systems such as Group Lens(now known as Oval) offer a more explicit representationof the semantics of a message (Malone 1987). Thesesystems incorporate typed messages. Messages of aparticular type will have different fields; for example, aseminar announcement may have a Speaker: and a Title:field. These fields allow more efficient personal filteringof messages based on message types and the fields theycontain. However, this is based on the explicit cooperationof colleagues. Different types of message can easily becreated and sub-classed from existing types, but theefficiency of filtering depends critically on the commonunderstanding and usage of types and fields. Thus we havea system which can embody, and be tailored to, some ofthe group norms of particular communicative intra- andinter-organisational sub-groups.WorkflowSome of the most explicit coding of norms withinmessaging systems is found in work-flow systems(Kreifelts 1991; Prinz 1996). These embody pre-definedcorporate norms of behaviour. Users are presented withdocuments/messages where they must fill in or approvespecific parts; depending on their responses the documentmessage will automatically be passed on to the next personwho must see it, according to the pre-defined businessprocess. For example, an employee may fill in anelectronic expense form. On completion, the form ispassed to the line manager for approval, then to the financedepartment who will assign a payment code and finally topayments who write the cheque. The popularity ofbusiness process re-engineering (BPR) has driven thewidespread take up of such systems, often implementedusing Lotus Notes or similar scriptable messaging systems.At the extreme of workflow systems is Coordinator(Winograd 1986). This is a typed messaging system wherethe types, and rules relating to types, are based on speech-act theory (Searle 1969). Generic patterns of �speech acts�have been identified, most well known being the�conversation for action� (CfA). According to Winogradand others these speech acts represent norms ofconversation across societies. In Coordinator, the initiatorof a conversation must identify what type of conversationis being performed and for each message the users mustidentify what illocutionary point (encoded in messagetype) it is intended to convey (a request, a refusal, etc.).The system only allows messages that conform to thespeech-act patterns.Levels of embedded normsConsider again the move from simple email, throughfiltering and semi-structured messages, to workflowsystems and Coordinator. First this represents a gradualincrease in the explicit semantic content encoded withinthe messages. Second, this explicit semantic knowledgealso represents a gradual shift in the communality of normsembodied within the mail agents (or messaging system) asillustrated in Figure 4. In all these cases the rules obeyedby the agents have been explicitly coded by someone.These rules embody different levels of norms, but can wesay that the agents interpret or understand these norms, orare they merely obeying orders? Is it that the humans inthe system impute understanding of norms to thecomputational agents? Of course, we may have humanagents acting on our behalf (e.g. a stockbroker), whom wealso expect to obey our orders. The main difference is thatthe computational agent obeys fixed deterministic rules,whereas the human agent is expected to act with discretionwithin parameters and must thus understand as well as beable to obey the norms. However, it is important to be ableto specify these norms, otherwise how can we be sure thata human agent is acting within the appropriate boundariesof responsibilities and authorities?systemembodiment of normssimple emailnamingemail filtersindividual normssemi-structured messagesgroup normsworkfloworganisational normsCoordinatorsocial and linguistic normsFigure 4: Norms embodied in computer systems

Norms and ResponsibilityStill, difficult issues arise in two fold: how to decide theextent to which human responsibilities should be delegatedto a software agent, and what are the roles of human agentswhen machine agents are doing most of the work? Beforean attempt is made to explore these issues, a brief reviewof the most fundamental legal conceptions is necessary.Authorities and delegationA legal philosopher, Wesley N. Hohfeld, recognised eightfundamental legal conceptions in two sets (quoted in Allen& Saxon, 1993). In each set, the paired concepts are�opposites� in columns and �correlatives� in rows:Right Set: RightDutyNo right PrivilegePower Set: Power LiabilityDisabilityImmunityAs discussed by Allen and Saxon (1993), all eight conceptsare related to the terms �must�, �should�, �must not� andmore. Each term may involve more than one of these legalconcepts. For example, �a credit card holder must pay anyoutstanding amount of credit within 25 days of postingwithout incurring interest�, implies that a card holder hasthe rights to pay, and not to pay till the due day, but aliability of paying interest will occur from the due date ifthe amount is not paid. As pointed out by Allen and Saxon(1993), these terms may also result in multipleinterpretations and it is only appropriate to expect amachine to assist the human in interpretation.A machine agent should be seen as an assistant to thehuman, who can delegate some of his or herresponsibilities. Only when the human user has the rightand power can he or she transfer responsibilities to amachine agent. It should be noted here that what istransferred are duties or job functions rather than liability.In the same manner the government of a country candelegate responsibilities and functions to an embassy in aforeign country but cannot relinquish the liability for whatthe ambassador has done. Of course, this does not stopusers from attempting to use software to abrogateresponsibility �sorry I can�t help, the computer says so�!To make a machine agent behave in the same way as theowner would wish, behavioural norms of its user have tobe specified and stored in the machine agent. Other typesof norms, such as perceptual, cognitive and evaluative, canbe used to enhance the machine agent’s learning ability.Finally, denotative norms will be used to design theinteraction between the machine and the owner and otherusers. However, study of some of these norms may bemore difficult because their effects are not as observable asbehavioural norms.Norm specificationUnderstanding of the norms and patterns of people’sbehaviour within an organisation is a foundation fordesigning an effective CSCW system. In business, mostrules and regulations fall into the category of behaviouralnorms. These norms prescribe what people must, may, andmust not do, which are equivalent to three deonticoperators �is obliged�, �is permitted� and �is prohibited�.Hence, the following format is considered suitable forspecification of behavioural norms:whenever <condition>if <state>then <agent>is <deontic operator>to <action>Adopting this form, a credit card company may statenorms governing interest charges as follows:whenever an amount of outstanding creditif more than 25 days after postingthen the card holderis obligedto pay the interest.whenever an agreement for credit card is signedif within 14 days after commencingthen the card holderis permittedto cancel the agreement.The first norm says that after 25 days of posting theinvoice, if there is still an amount of outstanding credit, thecard holder will have to pay the interest. The second normstates that the card holder retains the right of cancellationof the agreement within 14 days of commencing. The nextnorm says that unless there is a special arrangement made,e.g. with the account manager, the card holder is notallowed to spend more than the credit limit:whenever purchasingif no special arrangement is madethen the card holderis forbiddento exceed the credit limit.The card holders are expected to behave according to thenorms stated in the agreements. As understood both by thecustomers and the credit card company, the company mayimpose sanctions if a customer fails to observe the norms.With this form of specification of norms, a computerprogram can be written to execute the norms. As long asthe norms are specified, computing technologies such asactive databases, object technology and artificialintelligence will have different approaches towardssoftware realisation.Autonomy and discretionConsider the email filtering rule we saw earlier. This rulecould be restated using the form of the previous section as:whenever a mail message arrivesif field �Subject:� contains �special offer�then the mail agentis obligedto move the message to Trash.Compare this with the sorts of rules human agents operateunder. Clearly the conditions and actions of human rulesdo not need to be as formally stated as those of a softwareagent, simply because the human has more intelligence andcontextual knowledge. However, perhaps the most significant difference is in the deontic condition. Theemail filtering rules will always be an obligation. Wedon�t expect the filtering agent to sometimes sort our mail,when it feels like it. No, it must always sort our mail inprecisely the way prescribed. Simple email filtering isdeterministic.However, intelligent agents are expected to operate withmore autonomy, no longer satisfying deterministic rules,but instead learning from experience and taking initiative.This suggests that the norms embodied in these agentsshould take the more general deontic form. Yet if an agentis only permitted to perform some action, why should itever do it, and if it doesn�t does it matter?Human agents operate within this kind of looser deonticcontext. How do they cope?Framing normsConsider the case of a bank manager faced with anunauthorised overdraft. The published condition of theaccount would state (albeit in plain English!):whenever overdraft exceed agreed limitthen the bankis permittedto charge a fee.This is the rule which the customer has seen when takingout the account and hence legally agreed to. It thus formsa contractual norm. The customer cannot complain if thebank exercises its right to charge a fee. In practice,however, the bank manager will exercise discretion. Thebank manager will not want to alienate a good customerand hence will often waive the fee.This sounds as though a valid course of action for the bankmanager would be to never charge a fee at all onunauthorised overdrafts. Clearly the customers would bequite happy with this situation, but, of course, the bankwould not be! In fact, there will be corporate normswithin the bank, some explicitly stated in rule books,others implicit. These will constrain the bank manager�sdiscretion to act. One such rule might be:whenever overdraft exceed agreed limitif the excess is unduly largethen the bank manageris obligedto charge a fee.Of course, the bank will neither want the bank manager toexercise discretion in an overly legalistic manner and willhave further corporate norms which prevent this:whenever overdraft exceed agreed limitif the excess is small and it is a good customerthen the bank manageris forbiddento charge a fee.The bank manager is the agent of the bank and thecorporate norms allow the bank to determine theboundaries of discretionary action. Note that thecontractual norm governs the behaviour of the bank withthe customer. Of particular importance, the corporatenorms should be such that the actions of its agent (the bankmanager) ensure that the bank acts within its contractualnorms.Note that the discretion of the bank is limited bycontractual norms and the discretion of the bank manageris limited by corporate norms. These are both examples offraming norms, which set bounds on the discretionaryactivity of an autonomous agent. Within these framingnorms an agent may have its own individual norms: rulesand attitudes which it uses to make individual decisions.Some bank managers are more generous than others!Policy and meta-normsHowever, even within the bounds of framing norms anagent is usually not free to have arbitrary individual normsof behaviour. Consider a bank manager who alwayswaived the fees of family and friends, or one who waivedfees of male customers but charged overdrawn women.The former would be seen by the bank as unacceptablefavouritism, the latter (in the UK) would be illegal.In fact, there are normally general policies which governthe sort of individual norms which agents are allowed tooperate. In the banking context these polices wouldinclude some sense of fairness. At a legal level UK courtsuse the common law concept of equity to limit thediscretion of government officials and the courtsthemselves operate within the principle of precedent.Notice that whereas the contractual and corporate normswe have considered operate on individual cases, all thesepolicies operate between cases determining the sort of rulewhich is acceptable as a behavioural norm. These aremeta-norms, norms which govern the generation of othernorms.Intelligent agentsWhereas the agents we have considered so far in emailsystems have been deterministic, there is increasinginterest in the use of intelligent agents. These may be pre-programmed, in which case they obey norms laid out bythe application developer. However, perhaps the mostinteresting cases are agents which use machine learningtechniques to generate their own rules of behaviour. Oneof the early examples of this is Eager, a system whichwatches a user�s actions, learns patterns and then when itnotices a user beginning a learnt pattern offers to completethe sequence of actions (Cypher 1991). Similar techniqueshave been used to select interesting news postings, build apersonalised newspaper, and to generate database queriesfrom examples of required records (Dix & Patrick 1994).These learning agents are also being developed for emailsystems. An agent can watch users� actions as they sorttheir mail and build automatic filtering rules: effectivelycapturing the user�s individual norms of behaviour.Within an organisation they can even watch the patterns ofdocument passing between individual employees and thusinfer the corporate norms of behaviour and generateworkflows. Furthermore, pre-programmed deterministicagents have already been proposed as part of the infrastructure of virtual organisations — it will not be longbefore learning agents are used at this cross-organisationallevel. This may include a mediation role, adaptingcorporate norms of one organisation to those of another,rather like translators do between languages.Such agents will start to take decisions which significantlyaffect the externally perceived behaviour of the individualor organisation. An email agent which discards a messagefrom the managing director could significantly affect thepromotion prospects of an employee! Furthermore, itwould be easy for such an agent to generate illegal rulesand expose the individual or organisation to litigation (Dix1992).Meta-norms for agentsThe autonomy and discretion of such agents must clearlybe limited in the same way that human agents are.Framing rules can be specified using the deontic rules wehave outlined earlier. These can be entered at anindividual level or customised for the organisation as awhole (for example, �all messages from the managingdirector are flagged urgent�). However, perhaps the mostinteresting area is in the expression of meta-norms.The learning algorithms can themselves be regarded as onelevel of meta-norm as they limit the sorts of rules whichcan be inferred. However, this is a crude andtechnologically determined limit. More interesting arerules which are explicitly built into the system. However,these are by their very nature far more complex than normsfor case-by-case behaviour. It is always hard to step backand externalise one’s norms of behaviour, how much moredifficult to codify the rules which govern the generation ofthose norms! At the level of corporate meta-norms thismay be possible as professional knowledge engineers canperform the requisite knowledge elicitation and agentprogramming, but it is unlikely that individual users willbe able to customise their own interfaces in this way.Meta-norms can also be captured within processes. Abank clerk who notices a more efficient way of processingloan applications cannot decide to by-pass the bankmanager and approve or deny loans on their own authority.However, it may be acceptable (depending on theorganisational culture) for the clerk to approach themanager and propose a rule �we seem to always acceptloans that are less than half the customers monthly salary�.Similarly, an email agent can infer filtering rules andpropose them to the user using the same format as the usersdo to write their own filtering rules. Notice what ishappening here. The software agents operate withinprocedural meta-norms. The agents propose newbehavioural norms to the users who decide whether they fitwithin their own meta-norms of behaviour. Themechanism of norm generation lies with the learning agent,but authority for norm generation belongs solidly with theuser.Conclusions and Future ResearchOrganisations are information systems where people usesigns to conduct business activities. Human agents act inthe systems in an organised and coordinated manner. Inachieving this organisation and coordination, norms playan essential role in governing people�s behaviour. Tounderstand and model the behaviour of members of anorganisation becomes essentially the task of understandingand representing norms. There are many types of normswhich are rooted in rich social, cultural and linguisticcontexts. The norms govern a whole range of humanactivities from perception, cognition, evaluation to action;and they can be explicit as well as implicit. Therefore,modelling norms can be a difficult task and can only beachieved to a limited extent.Norms are closely related to legal concepts such asresponsibility and authority. Framing norms are concernedwith delineation of such boundaries, within which humanagents have the right to make decisions and to exercisediscretion. When machine agents are employed in CSCW,some responsibilities will be delegated to machines. Thedelegation is only valid within the boundary of users’authority.In illustrating our discussion, email systems have beenused as a driving example. Norms can be embodied intoemail systems at various levels: individual norms, groupnorms, corporate norms or social norms. At present theseare normally of a deterministic nature. However, thenorms within which human agents act are of a richernature. To capture these we have incorporated deonticoperators into explicit rules. Human agents operate within the limits of framing norms (including corporate normsand contractual norms). However, their discretion withinthese limits is governed by meta-norms (equity, fairness,etc.).Intelligent agent technology has great potential incommercial and industrial applications. But many researchissues have to be addressed before it advances muchfurther. Two of them, elicitation and specification ofnorms, are of immediate relevance to the development ofCSCW.AcknowledgementsMany thanks to Fiona for checking the copy and correctingsome of our worst use of English.ReferencesLayman E. Allen and Charles S. Saxon (1993) A-Hohfeld: ALanguage for Robust Structural Representation Knowledge inthe Legal Domain to Build Interpretation-Assistance ExpertSystems. In H.C. Meyer & R.J. Wieringa (eds) DeonticLogic In Computer Science, John Wiley & Sons, Chichester.H. H. Clark and S. E. Brennan (1991). Grounding inCommunication. Socially Shared Cognition, Eds. L. B.Resnick, J. Levine and S. D. Behreno.

A. Cypher (1991). Eager: programming repetitive tasks byexample. Proceedings f CHI’91, New Orleans, ACM Press.pp. 30—39.A. Dix (1992). Human issues in the use of pattern recognitiontechniques. Neural Networks and Pattern Recognition inHuman Computer Interaction, Eds. R. Beale and J. Finlay.Ellis Horwood. pp. 429-451.A. Dix, J. Finlay, G. Abowd and R. Beale (1993). Human—Computer Interaction. Prentice Hall.A. Dix, J. Finlay and J. Hassell (1994). Environments forcooperating agents: Designing the interface as medium.CSCW and Artificial Intelligence, Eds. J. Connolly and E.Edmonds. Springer Verlag, pp23-37.A. J. Dix (1994). Computer-supported cooperative work � aframework. Design Issues in CSCW, Eds. D. Rosenburg andC. Hutchison. Springer Verlag, pp9-26.A. Dix and A. Patrick (1994). Query By Browsing. Proceedingsof IDS’94: The 2nd International Workshop on UserInterfaces to Databases, Lancaster, UK, Springer Verlag.pp. 236—248.David Eichmann (1994) Ethical Web Agents. ElectronicProceedings of the Second World Wide Web Conference,http://www.ncsa.uiuc. edu/SDG/IT94/Proceedings/Agents.W. Gaver (1992). The affordances of media spaces forcollaboration. CSCW’92, Toronto, Canada, ACM Press.T. Kreifelts, E. Hinrichs, K.-H. Klein, P. Seuffert and G. Woetzel(1991). Experiences with the DOMINO Office ProcedureSystem. Proceedings of ECSCW’91, Amsterdam: Kluwer,pp117—130.C. Krogh (1995) The Right of Agents. Intelligent Agents II:Agent Theories, Architectures, and Languages, M.Wooldridge, J.P. Muller & M Tambe (eds), Springer, Berline,pp1-16.K. Liu (1993) Semiotics Applied to Information SystemsDevelopment, PhD thesis, University of Twente, Enschede.T. W. Malone, K. R. Grant, K. Lai, R. Rao and D. Rosenblitt(1987). Semistructured messages are surprisingly useful forcomputer supported coordination. ACM Transactions onOffice Information Systems, 5(2), pp115-131.H.S. Nwana and D.T. Ndumu (1996) An introduction to agenttechnology. BT Technology Journal, 14(4), pp55-67.W. Prinz and S. Kolvenbach (1996). Support for Workflows in aMinisterial Environment. CSCW’96, Lancaster, ACM Press,pp199—208.J.R. Searle (1969) Speech Acts - An Essay in the Philosophy ofLanguage. Cambridge: Cambridge University Press,.R. Smith and E.H. Mamdani (1996) Intelligent softwaretechnologies. BT Technology Journal, 14(4), 24-31.R. Stamper (1980) LEGOL: Modelling Legal Rules by Computer.Computer Science and Law, Ed. B. Niblett, CambridgeUniversity Press.R Stamper & K. Liu (1994) Organisational Dynamics, SocialNorms and Information Systems. Proceedings of the TwentySeventh Hawaii International Conference on SystemSciences, Hawaii, pp IV645-654.Anand S. Rao (1995) Decision Procedures for PropositionalLinear-Time Belief-Desire-Intention Logics, in MWooldridge, J.P. Muller & M. Tambe (eds), IntelligentAgents II, Springer.T. Winograd and F. Flores (1986). Understanding computers andcognition: a new foundation for design. Addison-Wesley,New York.M. Wooldridge and N. Jennings (1995) Intelligent agents: theoryand practice. The Knowledge Engineering Review, 10(2),pp115-152.