Coping with complexit and in terference: design issues in ultimed ia conferencing systems M. ngela Sasse Mark J. Hand ley Nerme en M. Ismail Departmen of Computer Science Univ ersit College London Go er Street London C1E 6BT, UK This ork has een funded the CAR pro ject of the CEC RA CE Programme and Departmen of Computer Science, UCL Abstract The pap er recoun ts the design and usabilit issues encoun tered the authors during pro ject whic built ulti m edia conferencing system. These issues tend to arise mainl from sources: (a) the omplexity in olv ed in handling the system, and (b) the con tin ual interfer- enc users exp erience when in teracting with the system and eac other. found that design principles whic ha een suggested (suc as WYSIWIS and se amlessness o�er only partial solutions to these problems. Generally complexit and in terference exp erienced users can reduced imp osing certain constrain ts on the in whic users in teract with the system and eac other. Imp osing an of these constrain ts, ho ev er, results in reduced exibilit of user-system in teraction and more rigid proto cols on user-user in teraction, and is ound to mak the system less acceptable for some groups of users and some tasks. therefore suggest that suc constrain ts should agreed and impl em en ted the user group, prior to undertaking collab orativ pro ject, to suit user and task haracteristics, rather than imp osed on users including suc constrain ts in the design of the system in terface. In tro duction Once the concept of CSCW to ols as established, man soft a re dev elop ers resp onded en th usi- astically and quite um er of group are applications ere built and released in the space of few ears. ew of these applications, ho ev er, ere tak en up with the same en th usi asm their in tended users. Grudin (1990) studied sev eral of the failed pro jects and detected high lev el of resistance amongst users against adopting these applications. He attributed this resistance to inad- equacies in the design of group a re applications, resulting from the dev elop ers’ failure to appreciate that tec hnology whic aims to supp ort collab orativ ork groups has to address issues and concerns whic are fundamen tal ly di�eren from those encoun tered in the dev elopmen of other application soft a re. In Grudin’s view, approac hes dev elop ed in uman-com puter in teracti on (HCI) and u- man factors (HF) ere ill-equipp ed to tac kle these problems, since they ere based on exp eriences and observ ations of individual users in teract ing with stand-alone systems. Consequen tly they fo- cussed on optimising screen designs and in teracti on st yl es. Dev eloping e�ectiv and successful group are applications, ho ev er, required approac hes whic pro vided an in-depth understanding of the collab orativ activities whic these applications ere trying to supp ort. ollo wing this approac h, the dev elop ers of reest yle ul tim edia group are system, dedicated resources to in-depth studies of o�ce ork and discussing functionalit with prosp ectiv users (e.g. Ehrlic h, 1987) prior to dev eloping the system. In recen rep ort on the ost-installation phase of reest yl e, rancik et al. (1991) found that the system as not adopted man users, simply ecause adoption required hange in organisational ork patterns. They suggest that, in addition to studies on the nature of ork, suc systems need to dev elop an adoption str ate gy in order to successful. They predict that this will particularly relev an for ul tim edia and desktop conferencing systems whic are curren tly eing dev elop ed. Suc an adoption strategy includes: that the system addresses pressing business problem in the prosp ectiv user organisation(s) helping users to iden tify uses of the system in their curren ork en vironmen t; and close collab oration during dev elopmen with pilot user ork group. When designing ulti m edia conferencing system for the automoti industry under the RA CE CAR pro ject, the design team follo ed rationale whic closely resem bl es an adoption strategy as suggested rancik et al. (1991): the system addresses pressing business problem in the automot iv industry (the need to shorten the design cycle for new mo dels); the team of dev elop ers held trials and orkshops in olvi ng users (car designers and pro duc- tions engineers) from the target clien organisations to help them iden tify uses of ulti m edia conferencing in their ork; and the team of dev elop ers collab orated with pilot user groups throughout the pro ject. The result of this adoption strategy as pilot system whose functionalit closely matc hes the requiremen ts of the in tended users. In addition, the semi-form al trials with mem ers of the pilot reest yle is trademark of ang Lab oratories CAD/CAM for the Automotiv Industry under RA CE (Researc for Adv anced Comm unications in Europ e) user groups help ed the dev elop ers to iden tify usabilit issues sp eci�c to ulti m edia conferencing systems whic could ose an obstacle to adoption of the system. The pap er rep orts explains these usabilit issues and discusses ho they can resolv ed. The CAR Multimedia Conferencing System The CAR ul tim edia conferencing system as dev elop ed in the Departmen of Computer Science at Univ ersit College London, as part of the RA CE CAR pro ject. Its goal as to dev elop ulti m edia conferencing system that ould help shorten the design cycle for new cars. It as aimed at assisting car designers at di�eren sites to in teractiv ely discuss design decisions something that curren tly in olv es uc tra el and courier-transp ort of dra wings and do cumen ts. The idea as that designer could ha design sessions without lea ving their desks, via their orksta tio n.

The design of the system is based on pro viding conferencing platform that can supp ort oth applications written sp eci�cally for the platform ol lab or ation awar applications), and existing applications written as stand-alone soft are ol lab or ation tr ansp ar en applications). As an example of collab orativ are application, distributed Sk etc hP a Application as dev elop ed one of the CAR partners that has een fully in tegrated with the conferencing system. CAD pac ages running under the windo ws are an example of collab oratio transparen applications that can included in the conferencing system. This is done using shared windo system, whic is based on Shared-X dev elop ed Digital. The conferencing system also encompasses video and audio comm unicat ion. ypically there is one video hannel for conference, whic is con trolled the o or holder, while the audio hannel is an op en one indep enden on the o or mec hanism s. Figure giv es an erview of CAR ul tim edia conference. Most of the observ ations rep orted in this pap er to ok place during eek-long semi-form al ev aluation of the system with group of 16 users, car designers and pro duction engineers from an automot iv design compan and car man ufacturers. The users ere in tro duced to the functionalit of the system in hour training session. They ere then ask ed, users at time, to complete series of in teractiv design tasks using the system. They ere also free to exp erimen with the system. The sessions ere recorded on videotap e, and the users ere de-briefed for ab out one hour eac follo w ing the session. Additional observ ations ere made mem ers of the pro ject team when using the CAR system for collab orativ writing pro ject (Ba ydere et al., 1993). Usabilit problem in ul ti m e dia conferencing system The usabilit problems observ ed in the CAR user trials stemmed in the main from sources. The �rst is erwhelm ing omplexity of this sort of ult iuser system: users of ult im edia conferencing systems tend to ork with more than one application, and use ulti ple orkspaces. In applications suc as collab orativ dra wing to ols, more than one la er is generated for eac imag (for detailed description of suc an application see Ishii Miy ak e, 1991). Multim edia conferencing systems o�er ealth of functionalit and uc of users’ cognitiv e�orts is sp en on determining and lo cating the appropriate to ol or function for the task they are trying to erform. Green (1990) has captured this the idea of cognitiv capacit eing tak en from the actual task in the concept of visc osity In addition to eing highly viscous, conferencing en vironm en t tend to generate man noti�cations and messages, whic disrupt users’ actions or their planning of actions. These messages ma or ma not require action to tak en, so users are often left in state of uncertain as to whether and ho they should resp ond to these ev en ts. The second source is con tin ual interfer enc erform ing task, suc as starting up an application, is often (unin ten tio nally) in terrupted an action (e.g. question) from another user. Similarl discussion et een users is often in terrupted system message or noti�cation (e.g. that another user has joined). In ulti -user systems suc as CAR, users in teract with eac other via their systems. This means that their are hannels of comm unicatio n: et een the users, et een user and her system, and et een the system comp onen ts. (The idea of taking users and systems as dialogue partners, and distinguishing ossible in teractions in to user-user, system-system and user-system in teractio is taking from pap er Gaines Sha w, 1986).

Whic design principles could emplo ed to oid these problems? Tw principles whic ha een prop osed for CSCW applications are WYSIWIS and seamlessness. WYSIWIS WYSIWIS (What ou See Is What See) has een prop osed as principle for displa yi ng shared informati on CSCW applications. Shared informatio presen ted to all users in system should presen ted to all users in the same (Elw a rt-Keys et al., 1990). This means that users cannot, for instance, resize or iconise the windo in whic shared informat ion is displa ed. The main reason is to o id referencing problems (e.g. \on that second spik from the top"). These could cause distortion of informat ion and subsequen breakdo wn in comm unicat ion et een users. But ev en with strict application of WYSIWIS, distortion and breakdo wns still ccur. Tw examples: What ou See Is What See but do es it mean to ou what it means to me? Displa ying the same informat ion to all users do es not guaran tee that what is displa ed is in terpreted in the same ev ery one. ariatio in factors suc as user’s kno wledge and bac kground, vigilance, fo cus of atten ti on etc. can lead to di�eren in terpretatio n. What ou See Is Only art Of The Action. Users lo oking at shared informati on share the displa eing hanged another users, but not the actions whic caused the hange. They migh t, for instance, see an error message, but they did not see whic button/k eys the other user pressed prior to the message. Seamlessness Seamlessness as prop osed as design principle Mark Ste�k (in oster atar, 1988) as of ercom ing user resistance to group ar applications. The idea is that group soft are to ols (group are) ust merge with individual to ols. Whilst not ha ving to learn additional to ols certainly cuts cognitiv erheads and lo ers resistance to some degree, there are doubts whether seamlessness can ac hiev ed or is desirable for all collab orativ tasks. Tw examples: \mindshift" might essential Collab orativ el orking on task is ery di�eren from orki ng on our wn task, ev en when the same soft are to ols are emplo ed. Strategies whic migh e�ectiv for individual ork migh less e�ectiv in group con text. Se curity and privacy onc erns Users can exp ected to ary of system whic ould allo them to acciden tally \drift" in to collab orativ situation. Applying WYSIWIS and seamlessness as design principles can solv some problems, but create others in the pro cess. In teraction problem in ul ti m edi conferencing system In con en tio nal ulti -tasking windo ws en vironm en (suc as SunView or XWindo ws), user has man hannels of comm unicatio with the system using man applications. Sev eral of these applications ma activ sim ultaneously but ypically only one holds the users atten ti on at an time. The user pro vides input to single application, and that application pro duces reply all the windo system is used for is simple to switc applications and/or con text. An system resp onse is result of the user’s in teracti on with it. ultim edia conference windo ws en vironmen also pro vides man hannels of comm unicat ion with the system, but these hannels no also comm unicate with ult iple users. user’s fo cus of atten tio is no not only determined the desired in teracti on with the system, but also unexp ected ev en ts caused other conferees. Rather than eing able to fo cus on one hannel of comm unication (with the system), the user comm unicates with other users at the same time. In addition to receiving replies from her wn application to kno wn input, the user receiv es replies to unkno wn input from other users. This can lead to problems with screen clutter, handling of ev en t s, noti�cations, o or con trol, and oin ters. The problems are describ ed in this section, and ail able design solutions and their oten tially undesirable side e�ects are discussed. 3.1 Clutter In single user en vironmen t, user has all the necessary informa tio to erform screen managem en t In shared en vironmen t, users try to eep all applications visible on screen at once, as they feel that iconising or hiding them will lead to confusion, as outlined elo w. They rapidly run out of screen space, the displa ecomes cluttered and informati on whic is needed to manage the in teraction with the system successfully (e.g. the conference manager) ecomes di�cult to lo cate ecause windo ws co er or erl ap with other windo ws (see Figure for an example screen).

raditio nal windo managers o�er three basic metho ds for to con troll ing screen clutter in single- user en vironmen ts: Resize windo ws to �t. Iconise windo ws not curren tly eing used. Hide windo ws not curren tly eing used ehind those that are. In conferencing windo ws en vironm en t, the displa con tains windo ws whic can con trolled other users. These users’ actions ha to tak en in to accoun efore trying to reduce the complexit of the screen. Here con en ti onal screen managem en to ols suc as those pro vided windo managers do not help and can easily complicate the situation further. esizin lo cal cop of shared windo w, for instance, can lead to problems ecause the application is then not strictly WYSIWIS. This is problem with oth collab oration transparen applications and collab oration ar applications, but is uc easier to deal with if the application is a re of the existence of the conference. Resizing windo can result in missing some part of another’s user dra wing. This can ccur without users noticing: users assume that they are lo oking at the same application, but in fact what they see dep ends on the size of the windo w. Ic onis ing and hiding windo ws are essen tially ys to erform the same task temp orarily remo an application from our orkspace. Users are reluctan to do either, since if another user reviv es an un used application, they migh not notice. They usually attempt to tile the screen so they can see as uc of the shared applications as ossible, ev en if this in olv es co ering up applications suc as conference con trol Clearly this is ine�cien use of screen space, whic is scarce resource. Broadly sp eaking there are three main strategies for addressing this problem: Notify the user when some one starts to mo dify hidden or ic onise window This inevitably leads to more noti�cation messages (and hence in terference) or more implied sym olic mean- ing (and hence complexit y) and more distractions (though they ma ery relev an t ). This ma go solution for exp erienced users who can cop with extra feedbac k, but for inexp erienced users there ma already to uc going on at once, so they will still oid hiding shared windo ws. et the system take ontr ol \clean screen" olicy can enforced in whic applications that ha not een used for certain erio of time are automatical ly iconised, and are de- iconised when they ecome activ again. This migh result in the user exp eriencing certain lac of con trol. There is also the additional problem that the system cannot tell if the user is only using an application for reference (ie. just lo oking at it). The latter problem can solv ed if the user tells the system they are in terested in an application (c.f. Op enLo ok pushpins), but this requires extra user input for what should passiv activit Out of and ommunic ation let the users sort it out verb al ly This can ork quite ell if only one or applications are in olv ed and the conference is ery small user holding the o or can get erbal feedbac on an problems. This approac ecomes increasingly ine�ectiv as conferences ecome larger. 3.2 Unexp ected Ev en ts In single-user windo ws en vironmen t, ev en ts should determined the users actions, and th us should for the most part predictable, or at least self explanatory Ev en if the user mak es mistak e, the result should explain what that mista as, but most imp orta tly the error message is in resp onse to her kno wn input or request. In shared windo ws en vironm en t this is often no longer the case. If mista is made, it ma another user that mak es it, and so an arnings or messages are view ed out of con text. This causes the user to ecome confused, and onder what she did wrong. Other conferees manipulating applications cause ev en ts that the user do es not exp ect suc as excluding an application from the conference. This leads to feeling of \lac of con trol" esp ecially if one user is less famil iar with the system than the other conferees. In fact this problem do es not only apply to errors and error messages erfectly legitima te requests suc as to de-replicate an application ou ha in tro duced can cause similar problems. Suc ev en ts should accompanied noti�cation message sa ying what has happ ened, but if ou are considering an application when someone else terminates it, this is of little consolation. This problem could oi ded if ev ery one has to agree to an ev en t, but suc rigidit ould greatly in terfere with the in tended purp ose of the conference comm unicatio n; suc administrati tasks should ept to minim um if conferencing systems are to ecome \natural" to use. The simplest of oi ding problems of this sort is to lea it to \h um an proto col"; ie. let the users notify eac other erbally (see also Ba ydere et al., 1993). If this is to the case, it ust stressed during training that suc proto cols ha to agreed and follo ed. 3.3 Noti�cation of Ev en ts In ult im edia conference, ev en ts will ccur that users should informed ab out. If new conferee joins the conference, all the existing conferees should noti�ed imm ediately that this has ccurred, for it ma a�ect the they eha e. This is high priorit ev en t, and so the user should distracted su�cien tly from whatev er she is doing to tak notice of the ev en t The CAR system do es this sounding an audible arning, and opping-up new windo con taining the informatio n. This sort of arning pro es to distracting for users if it is used for lo er priorit noti�cations, suc as hange of o or holder (On the other hand, it will fairly high priorit arning if ou ere the old o or holder.) The CAR system has an area set aside for these noti�cations. exp erienced situation in the trials where users co ered this with applications and then get confused. Sometim es implicit noti�cation can used. An example of this is the video comm unicatio hannel in the CAR system whic switc hes to sho the o or holder when the o or hanges. Ho ev er this default can erridden, and th us confusion can easily created. example of lo priorit ev en is the resizing of shared windo the o or holder. Here the noti�cation receiv ed needs to ignored un til it ecomes relev an ie when the o or holder starts dra wing in an area that can’t seen. Clearly there is need to pro vide comm unicati on et een conference sites of this informati on, but irresp ectiv of whether this is done using shared windo manager, or are applications, the presen tation of this informatio to the user presen ts some problems. In order to lessen the uncertain of user and th us her confusion, more informat ion needs to giv en, whic ma result in increasing her confusion. The question is ho to presen this informat ion in that will reduce the complexit not increase it. Man async hronous ev en ts are kno wn ab out the system, but user is usually concen trating on one of the shared applications. If the user is not to confused later, the system should notify the user of the ev en t, but if it do es this in an obtrusiv users ecome irritated the noti�cations as they cause distraction. Whic noti�cation metho is used for whic ev en should dep end on the user. High priorit ev en ts should alw ys in trusiv e, but lo er priorit ev en ts should dep end on the user’s lev el of exp ertise. In simple cases it is ossible to oid presen ting lo w-priori informati on to the users at all. tried this metho recen tly when team of exp erienced users (the authors ere among them) used the CAR system to write pap er collab orativ ely Though there as some confusion from time to time, the task as accomplished ery smo othly Ho ev er most of the time there as no more than simple shared applications, con troll ed one activ user ( o or holder). As conference complexit increases or with less exp erienced users, this is less satisfactory solution. 10 Some users ma not wish to sp end time to learn ho to use the system, or just use it on one o� basis. Suc user ma just an to \sit bac and atc h". In this case she ma require activ windo ws to raise themselv es and resize themselv es in line with the o or holder’s, but ould not an to explicitly told of application inclusion or hange of o or as the screen is already hanging out of her con trol. If user is skilled in the use of the system, she will an to in con trol of her en vironm en t Ev en ts suc as windo resizing the o or holder should agged visibly but as simply as ossible or example hanging the order colour of the windo ma imply it has een resized. The en vironm en is already complex, and so complicating it further with unnecessary lab eling is undesirable. Ho ev er merely hanging order colour has no visible indication of it’s meaning. It ma ork ell at sub conscious lev el, but only with exp erienced uses. In et een these skill lev els come inexp erienced users who use the system ccasionally but for whom it it not et in tuiti e. It is these eople that will ha most di�cult Simple visible ags are only enough to inform suc user that some unkno wn ev en ccurred, and so need to accompanied an asso ciated icon or lab el. Ho ev er the app earance of lab el can distracting in itself an hange in state of the system that is not triggered the user should self explanatory Care should tak en that an noti�cation can recognised imm ediat ely but ignored un til an to act on it. Simply hanging lab el will noticed the user, but she ma not notice exactly what it as that hanged, and so astes time hec king.

3.4 Flo or con trol In conferencing en vironmen where more than one erson can in teract with the shared applica- tions, o or con trol mec hanism are needed in order to organise these in teractions. These mec h- 11 anisms can ary from totally op en o or mec hanism in whic all users can in teract with all applications at the same time to strict mec hani sm in whic only one user can in teract with all the applications at an time. \Op en o or" giv es users more con trol and exibilit but increases the uncertain of what is happ ening and who is doing what. The amoun of informat ion the user needs to kno in order to reduce this uncertain is uge and displa ying all this informat ion increases the complexit of the system. While single o or is less exible as it prev en ts concurren activities from taking place, it do es not pro vide the same degree of uncertain and accordingly it is not as confusing. One can think of man other sc hemes of o or con trol et een these extremes. In all cases the more eople that can hold the o or sim ultaneousl the more comm unicati on hannels can created et een users and th us more parallel ev en ts can happ en. It is trade o� et een exibilit (n um er of concurren activities) and complexit of use (uncertain y). Di�eren o or mec hanism can assigned for di�eren applications. Though this concept can exploit the di�eren natures of di�eren applications, it can complicate the user’s mo del of the system. It is not ossible to design single o or con trol mec hanism that can suit all users and all tasks. It is desirable to giv users the abilit to tailor the o or con trol mec hanism according to their needs and exp erience as ell as to allo them to switc et een di�eren mec hanism easily simple o or con trol mec hani sm can used for conferences including inexp erienced users. Once more exp erience is gained another more op en (more exible) mec hanism can used, but it is imp ortan that users can �nd out who is doing what without disrupting the ongoing of the real task. 3.5 oin ters Enabling users to share applications in conference is the �rst step to enable meaningful in teractiv collab orativ ork. Still users do need other means of comm unication in order to help them share these applications on conceptual lev el as ell as on visual lev el. One of these to ols is mec hanism that enables users to oin to ob jects of in terest in ev ery one else can see. There are man di�eren olicies for designing suc to ol. These olicies can categorised along four dimensions. What to ec ho? There are three main ossibilities ec ho the lo cal oin ter of the o or holder on all other users orkstat ions. This olicy is ery in tuiti as the o or holder do es not ha to do or use an ything additional. Ho ev er, it can distracting for the other users as the lo cal oin ter is used not only for collab orativ ork but also for other lo cal purp oses. The system cannot �lter out these lo cal mo em en ts from the ones the user in tends to comm unicate. ec ho the lo cal oin ter on other users screens if the user explicitly decided to do so. This metho is used MMconf (Cro wl ey et al, 1990). user has to clic on the middle button of the mouse to cause the oin ter to ec ho ed to the other users. The oin ter then hanges shap to big arro indicating that this is no shared oin ter. problem with this metho 12 is that once the user releases the mouse button his oin ter disapp ears and then cannot referred to whilst further tasks progress. create separate shared oin ter that can grabb ed the lo cal oin ter, mo ed and then released. This is the olicy used in the CAR system. user can mo the oin ter to certain osition lea it and refer to it later. During trials, users sometim es sub consciously assumed that their oin ter as ec ho ed on all other users screens. They tended to use it to oin to things while explaining them erbally ev en though there as real shared oin ter facilit Ho m an oin ters? One er onfer en e. Only one user (usually the o or holder) can mo the oin ter at time. This tends to tie discussions to the o or mec hani sm This is rather unnatural and can frustrating at times. It in terrupts the o of discussion, as ou ha to tak the o or to reply It has the adv an tage that there is just one oin ter ec ho ed to eac users screen whic is simple and unconfusing. Ha ving one oin ter that an one can grab solv es some of these problems, but in tro duces the problem of iden tifying who has con trol of the oin ter. One er user. Ha ving oin ter er user giv es the users the abilit to mo their oin ters free from an o or mec hanism This giv es greater exibilit and more natural feeling esp ecially during discussions. Ho ev er ha ving sev eral oin ters visible at once can get confusing (to man hannels of comm unicati on). oin ters need to iden ti�ed with users, either colour co ding or lab elling them. When to ec ho oin ter? Continuously. Lea ving oin ters ec ho ed at all times can cause confusion and distraction esp ecially if there is one oin ter er user. It also depriv es users from con troll ing their wn screen whic is con tradictor to what usually happ ens in stand alone en vironmen ts. Simplest for inexp erienced users as they don’t need to do an ything. et the viewer de cide. This can cause problems when user is mo ving oin ter that another user has made in visible. Ho ev er oin ting is usually done in conjunction with erbal comm unicati on, so users should able to mak the relev an oin ter visible in due time. Still this can problem with inexp erienced users, but if they ec ho con tin uousl it allo ws go mix et een users with di�eren exp erience lev els. et the erson ointing de cide. This is probably the most natural approac h, and is the approac tak en CAR. Ho ev er still found problems when inexp erienced users attempted to oin with lo cal oin ter. As alw ys, the rule is that there is no righ answ er, so it should ossible to con�gure the system dep ending on the users and the task. Who con trols oin ter? If only ha one oin ter er conference it mak es sense to tie the oin ter to the o or mec hanis m This ev ery one kno ws who has con trol. Ho ev er this means that con tin uous hanges of o or 13 are required for discussion. If ha the oin ter allo cated on demand, then in teractiv discussion is facilitated, but at the cost of requiring the users to kno ab out extra state informat ion who has con trol. There are man more issues in ol ed suc as what happ ens when user mo es oin ter across lo cal windo w? One strategy adapted the CAR system is to hange the oin ter shap on the users orksta tio to an empt hand whenev er the oin ter is mo vi ng across lo cal space. Another issue is what to do when the oin ter is mo ving on shared windo that is hidden or iconised on certain user’s orkst ati on. Should the system inform the user that oin ter is out of sigh ecause this windo is iconised, small or hidden? Discussion: Design principle for ult im e dia conferencing As ha outlined in the previous section, the trade-o� et een simplicit of use and exibilit of comm unicati on et een users is recurren issue. can pro vide system that is simple to understand, but cum ersom to use, or can pro vide system that is erful and exible, but inexp erienced users will erwhelm ed with informat ion from man parallel comm unicat ion hannels. Our exp erience sho ws that ev en simple systems can cause users man problems ecause they are not used to orking in this Clearly the lesson to learned is that system designers must not �x these design de cisions, but should al low the users to on� gur their system dep ending on their task and their exp ertise. It is desirable to supp ort oth collab oration a re applications and collab oration transparen appli- cations. Whic hev er approac is tak en (and to supp ort oth is desirable), some degree of informat ion on what the other users ha done is required. Strict WYSIWIS is generally to restrictiv and the resulting ev en ts can cause user to ecome confused ecause her lo cal en vironmen can hange (windo ws resize, raise etc) outside her con trol. If strict WYSIWIS is not implem en t ed, man ev en ts triggered other conferees ust comm unicat ed to user. rom our observ ations, conclude that the follo wi ng set of design heuristics should considered: If the task is simple (few users, few applications), uman proto cols (v erbal comm unicati on) ma su�cien t, and less in trusiv e. If the task is complex, uman proto cols will not su�ce on their own set of options should pro vided for noti�cation displa not all users can cop with the same lev el of complexit The noti�cation set should consisten so users can progress from one lev el to another gracefully as they learn. As users ecome more exp ert, more abstract noti�cations can used. The en vironmen is already complex. If the user an op reduce the displa complexit as far as ossible. Users will notice that ev en small hanges ha ccurred on screen, but if the hanges are subtle they will sp en time trying to �gure out what has happ ened Mak noti�cations ob vious enough to noticed and recognised so the user can get on with their task. Unless noti�cation is really imp ortan t, it should not in trusiv (for example windo ws that op-up). It is ort considering reserving small area of screen for noti�cations that do not 14 apply to sp eci�c windo w. Ideally it should not ossible to co er up suc an area. Only ery high priorit noti�cations should require ac kno wledgem en from the user. Users atten ti on ma not constan t, so high priorit noti�cations should usually remain un til ac kno wl edged. Users should only noti�ed of something that is relev an to them. or example, another user resizing windo is not relev an unless that user is the o or holder. The app earance and eha viour of oin ters (and related to ols) should hosen the users so to est supp ort the task in hand. The metho of con trol do es not ha to uniform throughout the orking group. Generally sp eaking, the larger the orking group, the simpler the metho of o or con trol that should emplo ed. If strict WYSIWIS is not implem en ted, users will not ha constan frame of reference. They should made are of this, and of sync hronising views (within restrictions imp osed the hardw are) with other users, and particularly with the o or holder, should pro vided. This last oin is part of wider issue who con trol what ou see? Tw extremes are ossible: Cen tral ised The o or holder con trols what the application do es and ho ou see it. Distributed Ev ery user can con trol the application, and their wn view of it. (usually with collab oratio a re applications) Most of the time neither of these extremes is desirable. Often is it meaningless to ha more than one input to an application. Usually ou wish to able to con trol our wn orkstat ion en vironm en t If single comprom ise has to hosen, then ou allo users con trol er their view, but with metho of sync hronising with other users. Ho ev er it ould uc more desirable to allo users the ossibilit of imp osing their view on other users when quir It should emphasised that the authors think this feature should used with restrain t as it will tend to lead to con ict of er, and confusion when con texts hange without arning. Whether ou allo free-for-all con trol of an application ust dep end on the application itself, but ecomes increasingly undesirable as conference size and um er of shared applications increases. Conclusions There is no comprehensiv set of design principles whic ould lead to satisfactor solution of all the problems ha observ ed for all users and tasks. Recommendations can made for individual features suc as shared oin ters and o or con trol dep ending on the nature of the task and exp erience of the user group. this stage recommend that the follo wi ng oin ts should observ ed: Designers of ulti m edia conferencing systems should not determine the nature of in teraction et een users, but should supp ort man ossible in teract ion st yles and let the users decide. 15 The decisions ab out st yle of in teractio should made in line with individual user and task haracterist ics. System designers should are that some in teractio st yles should conjunction with set of appropriate uman proto cols. critical part of system design is ho osing set of defaults suitable for no vice users. Supp orted in teracti on st yles should supp ort \graceful" gro wth of exp ertise. \shorthand" system should pro vided for exp erienced users not just eyb oard accelera- tors, but also for st yle of noti�cation. user should ept ar of all relev an ev en ts that can a�ect her, but this ust done in sympath with her lev el of exp ertise. Ac kno wl edgem en ts The CAR pro ject at UCL as initiated and is managed Prof Stev Wilbur, to whom man thanks. ould lik to thank all our colleagues on the CAR pro ject, and esp ecially Sue Jo yner and Caroline ark er from HUSA T, and users from ord, IAD and eugeot who participated in the trials. This ork has een funded the CAR pro ject of the CEC RA CE Programm and the Departmen of Computer Science, UCL. References [1] Sebnem Ba ydere, om Casey Sha Ch uang, Mark Handley Nermeen Ismail Angela Sasse (1993): Multimedia Conferencing for Collab orati riting: Case Study In M. Sharples: Computer Supp orte Col lab or ative Writing Springer. [2] errence Cro wley aul Milazzo, Ellie Bak er, Harry orsdic Ra ym ond om linson (1990): MMConf: An Infrastructure for Building Shared Multimedia Applications. Pr dings of the Confer enc on CSCW Octob er 7-10, 1990 Los Angeles, CA, pp 329-341. [3] S.F. Ehrlic (1987): Strategies for encouraging successful adoption of o�ce comm unicat ion systems. CM ans actions of O�c Information Systems 5, (Oct 1987), 340-357 [4] Gregg oster and Deb orah artar (1988): Exp erimen t in computer supp ort for team ork Colab (Video). Xero AR C, 1988. [5] Ellen rancik, Susan Ehrlic Rudman, Donna Co op er Stephen Levine (1991): Putting Inno- ation to ork: Multimedia Comm unicati on Systems. Communic ations of the CM ol.34 No.12, 53-63. [6] Brian R. Gaines Mildred L. G. Sha (1986): oundations of dialog engineering: the dev elop- men of uman-com puter in teraction. art I. International Journal of Man-Machine Studies 24, 101-123. 16 [7] Thomas R. G. Green (1990): The Cognitiv Dimension of Viscosit y: Stic ky Problem for HCI. In D. Diap er, D. Gilmor e, G. Co kton and B. Shac el (Eds.): Human-Computer Inter action INTERA C ’90 Pro ceedings of the IFIPT TC 13 Third In ternational Conference on Human- Computer In teraction. Cam bridge, UK, 27-31 August. Elsevier. [8] Jonathan Grudin (1990): Wh Group are Applications ail. In Laurel, B. [Ed.]: The rt of Human Computer Inter action Wiley [9] Hiroshi Ishii Naomi Miy ak (1991): a rd an Op en Shared orkspace: Computer and Video usion Approac of eam or kstat ion. Communic ations of the CM ol.34, No.12, 37-50. [10] Mary Elw a rt-Keys, Da vid Halonen, Marjorie Horton, Rob ert Kass aul Scott (1990): User In terface requiremen ts or ace ace Group are. In Pr dings of CHI, 1990 (Seattle, ashington, April 1-5, 1990), pp. 295-302. CM. [11] Chris J. Lau ers Keith A. Lan tz (1990): Collab oratio Aw areness in Supp ort of Collab o- ration ransparency: Requiremen ts for the Next Generation of Shared Windo Systems. In Pr din gs of CHI, 1990 (Seattle, ashingto n, April 1-5, 1990), pp. 303- 312. CM. 17 18