_________________________________________________________This work was supported in part by a grant from the IntelCorporation, and in part by the National Science Foundationunder grants IRI-9500942 and CDA-9501637.Techniques for Addressing Fundamental Privacy andDisruption Tradeoffs in Awareness Support SystemsScott E. Hudson and Ian SmithGraphics, Visualization, and Usability Center, and College of ComputingGeorgia Institute of Technology, Atlanta, Georgia, 30332-0280{hudson, iansmith}@cc.gatech.eduABSTRACTThis paper describes a fundamental dual tradeoffthat occurs in systems supporting awareness fordistributed work groups, and presents severalspecific new techniques which illustrate goodcompromise points within this tradeoff space. Thisdual tradeoff is between privacy and awareness, andbetween awareness and disturbance. Simply stated,the more information about oneself that leaves yourwork area, the more potential for awareness of youexists for your colleagues. Unfortunately, this alsorepresents the greatest potential for intrusion onyour privacy. Similarly, the more information thatis received about the activities of colleagues, themore potential awareness we have of them.However, at the same time, the more information wereceive, the greater the chance that the informationwill become a disturbance to our normal work.This dual tradeoff seems to be a fundamental one.However, by carefully examining awarenessproblems in the light of this tradeoff, it is possibleto devise techniques which transmit just the righttype and quantity of information, so that awarenesscan be achieved without invading the privacy of thesender, nor creating a disturbance (or consumingtoo many resources) for the receiver. This paperpresents four such techniques, each based oncareful selection of the information transmitted.Keywords: Distributed Work Groups, AwarenessSupport, Privacy, Audio, Video, Visualization,Media Spaces.BACKGROUND AND MOTIVATIONRecent technological advances have made thetransmission of audio, video, and other media acrossdigital networks quite economical. For example,one can now buy inexpensive systems for personalcomputers which can communicate with audio,video, and shared objects across even relatively slownetworks. This has made it possible to envision thewidespread use of this technology to supportdistributed work groups.While rich communications media, such as livevideo, can allow distributed work groups to operatemore smoothly, they are still typically not nearly asnatural as working co-located [12].There are several reasons for this (see for example[2,3,6,11,13,19] for more detailed discussions).One reason is that much of co-located interactiontends to be implicit, informal, and serendipitous.Many interactions occur apparently by chance, andcertainly with little effort. For example importantinteractions may occur simply on the basis ofpeople "bumping into each other" in the hall, orbecause interested participants overhear theconversation of colleagues and join in withadditional details or knowledge.To support informal serendipitous interactions, it isimportant to operate in a continuous fashion(typically between whole groups), rather thanstrictly on the basis of explicit connections betweenindividuals. In general, one needs to supportinteractions in modes more like sharing a spacethan like making a call on a telephone. Althougholder systems using analog technology (see forexample [1,2,6]) were often connection-orientedbecause of the limitations of the technology, thegoals behind many media space systems have beento use audio, video, and other media to create thesekinds of virtual spaces which afford the opportunityfor serendipitous interactions.In addition, to serendipity, co-located interactionsalso operate within the context of a high degree ofawareness of one’s colleagues. Awareness comes inmay forms and degrees. At the simplest level, weare merely reminded of the existence of ourcolleagues on a regular basis. We also are aware ofthe location, activities, and actions of our co-workers. We for example, might know, or be ableto easily find out, whether a person is in their office,currently busy, in the middle of a rush project, orsimply in a bad mood. These forms of immediateawareness help serve as a catalyst forcommunications, and are used in various socialprotocols that drive our interactions.

2

3working in front of a video camera. This isunderstandable, since it presents the same situationas working in front of a one-way mirror. One neverknows when someone might be watching, or ingeneral, who might be watching. This effect isamplified by the technology since, on typicalnetworks, this information can normally be received(or intercepted) by any user of the network who hasthe proper software (see [16] for a cryptographicapproach to overcoming this problem).Particularly challenging privacy issues arise if weattempt to support awareness for work at home.Consequently, to test our approach, the first of ournew techniques attempts to address this difficultdomain.The home is often thought of as a protected andprivate space and part of the advantage of workingat home is being able to operate in that morerelaxed, and informal setting. For example, the firstauthor frequently works at home at odd hours, andhas been known to get out of bed to write down athought, or fix a bug. In addition, home workspaces are often shared by family members who arenot part of the work group, and who have importantexpectations of privacy in their home. In boththese cases, turning an otherwise private physicalspace into part of a very public virtual space (e.g.,with a live video feed) is really not acceptable. Onthe other hand, working at home can easily cut oneoff from the rest of a (distributed or co-located)work group if no awareness support is provided.This situation presents a primary example of ourfundamental tradeoff. At first glance providingawareness comparable to a live video feed withoutchanging the private nature of the home wouldseem to be very difficult, if not impossible.However, viewing the problem in the light of thistradeoff can lead to interesting new solutions. Inparticular, in order to overcome what seems like afundamental limitation, it is necessary to carefullyexamine what information is, can be, or should betransmitted in terms both of its awareness supportcontent, and in terms of its effect on privacy.Figure 1 contains screen dumps of displays a userwould see if they were using our first technique(described in detail below). This technique is verycarefully crafted to provide just the rightinformation so that some awareness can beprovided, while retaining the basic privacy of thespace. In particular, it shows information about thelocation and movement of people in various partsof a room (hence indirectly about activities) withoutactually transmitting any live images. As describedbelow, the technique works by modifying a staticimage of the scene (previously captured when theroom was empty), then darkening small squareswithin that image to indicate recent movements (asdetected by frame-to-frame differencing from a livevideo image). In Figure 1a, we can see that the useris working on the machine which faces away fromthe camera, and in Figure 1b, we can see that theuser has entered the room and sat down in the chairin the center of the work area.Another widely used approach to privacy problemsis to enforce reciprocity [5,6], that is to ensure thatwhenever someone can see or hear you, you canalso see or hear them. This is normally a propertyof physical spaces and can allow many conventionalsocial protocols to apply.However, reciprocity has several drawbacks thatlimit its use. First, reciprocity forces all spaces to bepublic in nature. This clearly would not work forour home media space example. In addition, evenif the highly public nature of reciprocity isacceptable, enforcing reciprocity really workssmoothly only in connection-oriented systems. Incontinuously operating systems, everyone isnormally "connected" to everyone else sharing thesame space, and so, although reciprocity may betechnically enforced, it is much less useful.However, even in connection-oriented systems,reciprocity can produce additional undesirableeffects because it can easily cause disruptions. Forexample, the equivalent of looking around a largeroom, or walking down a hall [15], might causechanges to the user interfaces appearing on a wholeseries of workstations. While it is possible to try toreduce the attention demanding effects of thesechanges (see for example [18]), even smallinterruptions can change the social effects of anaction (for example, from the analog of quietlywalking down a hall, to the analog of running downthe hall talking loudly). As a result, whilereciprocity is a worthy goal, and can be effective insome situations, it is not always appropriate andadditional measures to address privacy issues aretypically needed.Disruption and High Resource UtilizationIn the area of disruption, continuously operatingsystems provide a unique challenge. Here, becauseeveryone sharing a space is always "connected" toeveryone else, resource demands can be high, andthe opportunities for unwanted interruptions of"normal work" can go up dramatically. For systemsof this sort to work well, it is important to place atleast partial control of overt interruptions in thehands of the receiver of information [9]. Inaddition, because we would like these systems toscale to moderate or large work groups, it is alsoimportant that, in general, they do not consume toomany resources from the receiver. These recoursesinclude both cognitive (e.g., attention) resources,and machine resources (e.g., screen space and CPUcycles).These dual tradeoffs between sending awarenessinformation and privacy, and between receiving

4

5The system that supports the shadow-view displayabove consists of two parts: the ShadowServer and aclient applet. The ShadowServer runs on themachine transmitting information, and computesdifference areas which are sent to one or moreapplets which display the information for receivingusers. In general, the ShadowServer sends only thecoordinates of the regions with changes to its appletclients. The client applets are responsible for doingthe display of the static image and darkening andlightening the regions accordingly. This propertyis important since it insures against surreptitiouscapture of the video (since it never leaves the localmachine) and because it dramatically reducesbandwidth requirements.The ShadowServerThe ShadowServer is written in Java, with somenative methods (foreign functions) written in C forinterfacing to the frame digitizing hardware. Theinterface to the digitizing hardware is amodification of the portable NV video system [7] towork with Java. Our current implementation of theShadowServer samples (digitizes) a new imageabout once every 10 seconds. This delay is tominimize the load on the machine doing thedigitizing and this is a specific effect of the(somewhat slow) digitization hardware in use at oursite. However, because slow update of the finalclient image seems acceptable (or even preferable,in order to keep resource utilization down), morefrequent digitization may not be necessary.After capturing a video frame (in greyscale), theShadowServer compares each grid square with theprevious frame. We currently use a very simplealgorithm for making the determination of whetheror not there is activity in a given 8x8 grid square ofthe image. Each pixel in an 8x8 region of thecurrent image is compared to the correspondingpixel in the previous image. If the difference in thevalues is greater than a threshold (currently about8% of the dynamic range, or 20 out of 256greyscale units) a counter is incremented. If at anypoint in the region the counter reaches a thresholdvalue (currently 25% of samples), the region isconsidered active and client is informed of thisregion�s activity. We have also experimented withallowing a �short circuit� of the above algorithmin which if any two pixels of the compared imagesdiffer by a large amount the region is considered tobe active. This is useful if the threshold differencein the normal part of the algorithm is set to a largevalue to avoid noise in the digitization processcausing false positives in the results.AppletsEach user who wishes to receive awarenessinformation, runs a visualization applet inside aWorld Wide Web browser which supports Javaapplets (such as Netscape 2.0). The display can besurrounded by a Web page which has explanatorytext, links to contact information, other views, etc.The applet gets the static reference image to use asthe base via the normal HTTP protocol. It thencreates a network connection to the ShadowServerto request and receive change information. Theapplet only receives the coordinates of the region tobe updated, so it is responsible for actuallymodifying the image. The process of periodicallyupdating the image and lightening regions whichare not at their normal intensity is accomplished viaa background thread.After some experience with the system, a couple ofanecdotal results may be interesting. First, a usersitting at a workstation � even if engaged insolitary computer work � almost always movesenough to cause the algorithm to be triggered andthe resulting display to have a dark patch in the areawhere the user is working. Given the contextprovided by the static image this is generallyenough to determine, for example, if the user isworking at the computer, or engaged in some othertask. Second, sticking out one’s arm (or similargesture) in the region covered by the camera willgenerate a dark, vaguely arm-shaped region in theresulting image on the client workstation. This mayindicate that our 8x8 pixel regions are too small (atleast for some camera distances); larger regionswould give out a less defined image in such acircumstance. Finally, we have observed that theShadowServer can be fairly computationallyexpensive. In general, it will be forced to processthe data corresponding to every pixel of a 320x240image several times (at least once during captureand twice for comparisons). We are currentlyexploring difference calculations that look at asubset of the pixels (e.g. every other pixel or 1/4total) in order to reduce this load.A SHARED AUDIO TECHNIQUEIn addition, to the shadow-view technique, an audiotechnique with both privacy preserving and low-disturbance properties has also been developed onthe basis of the dual tradeoff principles outlinedabove. (This technique is fully described in [17]and we will only give an outline of it here.)For awareness purposes, it would be useful tomaintain a shared audio space where co-workerscould hear each other. However, such an "open-microphone" situation would clearly beunacceptable in most situations. While it is inreality rather difficult to do anything terriblyembarrassing in front of a live video feed from anoffice (at least with low frame rates, and smallimages), we constantly say things that are intendedonly for a limited set of "ears". Further, constantconversation between members of a large group canbe disturbing for those currently engaged insolitary work. None the less, eliminating all but

6

7used as a simple framework for invoking tools forexplicit communication, or more detailed awarenesstools.This simple technique leverages off of the fact thatpeople have a high degree of skill in recognition offaces. We can recognize people we know at greatdistances, or in our case, on the basis of smallimages. Because of this, people in group photos aretypically easily identifiable, even through thephotos often involve pressing many people into asmall space, using multiple rows with significantoverlap, etc.The technique described here creates a syntheticallyconstructed group photograph by packing togetherstatic "head and shoulder" images from participantsinto fairly tight, and in fact overlapping,configurations analogous to a group photo. Inaddition to packing images together, this techniquealso uses a simulation of depth which displayssmaller images for people "in the back" and largerimages for those "in the front" (similar to whatwould be seen looking into the audience of atheater). This allows differential use of the scarceresource of space. For example, more resourcescan be devoted to close collaborators by "seating"them in the front rows. Infrequent collaboratorscan be "seated" in the middle rows, and othermembers of an organization can be "seated" in theback row to help provide a gestalt awareness of theoverall group. Figure 3 shows the layout of such agroup photo for an artificially constructed group(since our actual work group is not this large). Thisimage shows over 100 participants in a relativelysmall space.Once a group photo has been constructed, we canuse an estimation of the presence or absence ofeach worker to drive the dynamic inclusion orelision of their image. Presence estimationinformation can come from a number of possiblesources including the video change detectionalgorithms of the shadow-view technique, mouseand keyboard activity, or even instrumentation ofthe work environment with technology such asmotion sensors or active badges [14].Layout AlgorithmAlthough it would be possible to construct groupphoto layouts "by hand" using an image editingprogram (and in fact we did several versions of thisin preparing to build our display), this is a rathertedious task and would be difficult to keep up todate with frequent personnel changes. This isparticularly true since it involves not onlyconstructing a new layout, but also measurement ofwhere each image is placed. Further, it is desirableto allow custom layouts for each user so that one’sfriends and closest collaborators can be "seated"first. Consequently, an automatic layout algorithmfor constructing synthetic group photos has beendeveloped. Although the layouts produced by thisalgorithm are not quite as good as a manual layout,they are generally comparable in density to thelayouts we produced by hand, and have the generalappearance we were seeking.Based on our experiments with manual group-photo layouts we were able to conclude that just theability to see most of a person�s face was sufficientfor recognition. Specifically, overlapping of theshoulders and even parts of the heads of people inthese simulated photos allowed the images to still bequite recognizable, while achieving fairly tightpacking. In addition, we found that the theatermetaphor of (approximate) rows working fromlarge to small images works well, and allowspacking of substantial number of participants into arelatively small space.The first step of the algorithm is preprocessing theimages to get them into a canonical form. Innormal use each participant might provide an imageof themselves already in this form. For our initialprototype we prepared several photos from thoseavailable on existing web pages within our center.These were canonicalized to a size (preservingaspect ratios) which made the bounding box of theperson�s head between roughly 90 to 110 pixelshigh and about 50 pixels across (exact sizing is notcritical to the algorithm). After canonicalizing theimages, the bounding box of the person�s head wasrecorded. Next the average vertical position of theireyes was measured so eye lines of the images couldbe lined up in the layout algorithm. Finally, abackground removal was performed leaving onlythe head and shoulder images, along with a maskfor indicating foreground versus backgroundpixels.The actual layout of images is performed in apriority order that can be established by the user ofthe system. Pictures ranked as most important arepositioned first (but drawn last) using images thatare 100% of the original canonical size. Lowerpriority images will fall into later rows and be ofsmaller size (down to 20% of the original).The first row of images is portrayed at 100% oftheir normal size and placed in a fixed pattern.Currently these images are placed so that there is agap equal to 90% of the average head widthbetween the bounding box of each head image.Once the first row has been placed, successiveimages are placed in available gaps. Images areplaced in groups designed to approximate rows,with each group successively reduced by anadditional 20% from the original size.The overall algorithm does placement only in termsof the bounding box for the head portion of theimage. Shoulder images are allowed to fall

8 Row Min

Figure 4. Layout Profile Data StructureAs illustrated in Figure 4, the algorithm maintains adata structure which represents the top profile of thehead boxes of the existing layout. To place a newimage, the spans of the data structure are searchedlooking for the deepest gap wide enough to holdthe head box of the image and at least deep enoughthat the chin position of this new image is at orbelow the lowest top of a head from a previous row.To produce approximate row alignment, images arepositioned vertically within this gap such that theireye lines line up with the minimum top of the headfrom the previous row (but never overlapping thecurrent head box with head boxes directly below it).If no suitable gaps are found, the row is consideredcompleted and the next row, at the next smallestsize, is started. If rows reach a minimum size(currently 20%) and more images remain,remaining rows are all done at the minimum size.The layout algorithm and display software isimplemented in approximately 1000 lines of Javacode. The resulting displays can hence beembedded in web pages to provide additionalinformation and functionality.Because the layout algorithm works only withrectangles, it can also be used to compose objectsother than head and shoulder images. In particular,although it breaks the metaphor to some extent, itmight be desirable to provide one or two quartersize live video displays for the highest priorityparticipants. Space for these can be integrated intothe display using the same algorithm.WHEN DID KEITH LEAVEOur final technique also addresses resourceconsumption and focuses on presence information,although in this case providing more specific detailabout an individual. (This technique is not,however, privacy preserving and hence must beused with care, and may not be suitable for allcircumstances.)A live video feed or periodically updated still imageis very useful for being aware of the comings andgoings of colleagues. However, when this type ofawareness information is available in conventionalform, we only get a view of what is currentlyhappening, and unless we keep the informationdisplayed on the screen and pay attention to it, wedo not develop awareness of larger patterns thatindicate current levels of busyness, typicalschedules, etc. Further, in a live feed, one will oftensee the empty chair of a co-worker you need tointeract with. The fact that they are not currently intheir work area is valuable information. However,this typically leads directly to additional questionssuch as "when did they leave?", "when they left, didthey take their coat?", and "did they take theirbriefcase or backpack?". To be able to answer thesequestions and to provide a more general idea ofrecent patterns of activity without requiring theconstant attention of the receiving user, we havedeveloped a technique for visualizing a recenthistory of activities.One form of recent history could be provided byrecording a live video feed and playing it back with

9a VCR-like interface. However, the actual videoimages from a typical office environment are veryboring, and searching through them is probably nota good use of one’s time. Further the resourcesnecessary to store useful amounts of video can beprohibitive (although we are currently consideringtime-lapse techniques which may be more useful).The technique presented here (which we call locally"When did Keith leave?") attempts to take a moretargeted approach. It collects selected still imageswhich are designed to express the flow of activity inan area. An example view created by this techniqueis shown in Figure 5. Here we see the activityaround the one of the authors’ desks overnight.The five selected frames show the work area atdifferent points in time. We can see the followingactivity: At 1:39am the area is empty, then a fewseconds later a co-worker stops by (to change theCD currently playing on the shared stereo). Thearea then remains empty (and although difficult tosee here, it is somewhat dim because some of thelights have been turned off) until the author arrivesat about 9:53 in the morning, turns on the overheadlights, and enters his work area. Notice that thelong period of inactivity from 1:39am to 9:51am isnot shown and does not consume either user orsystem resources.The line graph at the bottom of the visualizationshows total measured change (see below) over ashorter period of about two hours, and provideslines indicating where each captured image lies inthis time line. By this we can see that the last threeimages are very recent, while the first two are mucholder � somewhere past the left end. Since thesequence of saved images can be spaced very non-uniformly in time, this provides a way to quicklysee when the images were taken, and when there arelong periods of inactivity (as happens in most of theleft-hand portion of this particular visualization).Also, if there is a large amount of recent activity,and this dominates the display, the line graph canprovide an indication of how long this activity hasgone on.The technique works by capturing a video frameperiodically (currently approximately twice perminute, although this varies considerably dependingon system load). Selection of stills is driven off of aframe-to-frame difference change indicator similarto the one used for the shadow-view technique.Here a global metric over the entire image is used.Each pixel is considered to have changed if it ismore than 10% of the dynamic range (25 out of256 greyscale values) different from the previousimage. The total percentage of changed pixels isused as our metric.A very simple (but effective) frame selectionalgorithm is used. The most recent frame is alwaysdisplayed in the fifth position. When a new frame iscaptured, the algorithm decides either to shift theimages to the left by one frame, retaining theprevious frame, or to discard the previous image.The visualization is shifted if either the display isnot yet full, or if more than about 20% of the newimage (16000 out of 76800 pixels) has changed.Although a more sophisticated frame selectionalgorithm could be used, we have found this simpleone very effective in practice. It tends to captureboth the beginning and end of periods of highactivity (or a single frame for activity occurringwithin only one frame).This technique is implemented in Python, C, shellscripts, and HTML. The main driver (in Python)invokes frame capture routines in C (again based onthe NV system [7]), frame differences are alsocalculated in C for performance reasons, thenseveral shell scripts are used for manipulatingimages with standard tools. Finally a web page isprovided to display the results. This web page usesthe "client pull" facilities of Netscape to cause thepage to be automatically updated every fewminutes. (This update is more visually disturbingthan we would like, so a new embeddedimplementation in Java is being considered.)An earlier version of this system was used by theauthors in early 1995 when we were separated byseveral thousand miles and connected only by theweb due to restrictions imposed by a firewall.Although only employed in one direction becauseof the firewall, we still found the system effective inmaintaining increased general awareness, and alsoin avoiding "phone tag". For example, in oneinstance, Hudson (the receiver of the information)was reminded to check his voice mail afterreturning to his desk and seeing an image of Smithhaving tried to call him. Similarly, rounds of"phone tag" were avoided because Hudson couldeasily determine whether Smith could currently bereached.CONCLUSIONSIn this paper a fundamental dual tradeoff betweenawareness and privacy, and between awareness anddisruption or resource utilization has beenintroduced and discussed. Simply stated, thistradeoff involves the information sent or received.The more information sent by a person the moretheir co-workers can be aware of them. However,the more information one sends, the greater effectthis can have on one’s privacy. Similarly, the moreinformation one receives about others, the moreaware one can be of them. However, thisinformation then also has greater potential fordisruption of "real work", either by directinterruption, or by consuming resources neededelsewhere.

10We believe this tradeoff is fundamental and in somesense unavoidable. However, by viewing awarenessproblems through the lens of this tradeoff space �in particular, by carefully examining the nature ofthe information being transmitted and received withrespect to this tradeoff � it is possible find goodtradeoff points which provide awareness, while stillproviding good privacy or disruption properties.This paper has illustrated this with four specifictechniques. Each technique was designed toaddress one or both of the dual tradeoffs in someway, each was designed using this notion of"information analysis", and each illustrates thatmore fidelity and more bandwidth does notnecessarily produce a better result.FUTURE WORKOne important remaining challenge for the workpresented here is to integrate the techniquesdescribed into a unified system. We are currentlyworking to do this in a web-based framework usingJava applets. This framework will allowcomponents such as the ones described here to bequickly "plugged together" and presented within aset of web pages.REFERENCES[1]Adler A., Henderson A., A Room of Our Own:Experiences From a Direct Office Share. InProceedings Of ACM Conference On ComputerHuman Interaction, 1994, pp. 138-144.[2]Bly S., Harrison S., Irwin S. Media Space. InCommunications Of The ACM, 36(1), January 1993,pp. 28-47.[3]Borning A., Travers M., Two Approaches To CasualInteraction Over Computer And Video Networks. InProceedings Of ACM Conference On ComputerHuman Interaction, 1991, pp. 13-19.[4]Dourish P, Bly S. Portholes: Supporting Awarenessin a Distributed Work Group. In Proceedings OfACM Conference On Computer Human Interaction,1992, pp. 541-547.[5]Fish R., Kraut R., Root R. Evaluating Video As ATechnology For Informal Communication. InProceedings Of ACM Conference On ComputerHuman Interaction, 1992, pp. 37-48.[6]Fish R., Kraut R., Root R, Rice R., Video as anArchitecture for Informal Communications, InCommunications Of The ACM, 36(1), January 1993.pp. 48-61.[7]Fredrick, R., Experiences with Real-Time SoftwareVideo Compression. In Proceedings of the SixthInternational Workshop on Packet Video, Portland,OR, Sept. 26-27, 1994.[8]Gaver W., Smith R., O’Shea T. Effective Sounds inComplex Systems: The ARKola Simulation. InProceedings Of ACM Conference On ComputerHuman Interaction, 1991, pp. 85-90.[9]Gaver W., Moran T., MacLean A., Lovstrand L.,Dourish P., Carter K., Buxton W. Realizing A VideoEnvironment: EuroPARC’s RAVE System. InProceedings Of ACM Conference On ComputerHuman Interaction, 1992, pp. 27-35.[10]Gaver W. The Affordances of Media Spaces forCollaboration. In Proceedings of the ACM CSCW ’92Conference on Computer Supported CooperativeWork, 1992, pp. 17-24.[11]Heath C., Luff P., Disembodied Conduct:Communication Through Video in a Multi-MediaOffice Environment. In Proceedings Of ACMConference On Computer Human Interaction, 1991,pp. 99-103.[12]Issacs E., Tang C. What Video Can And Can’t Do ForCollaboration: A Case Study. In Proceedings OfACM Conference On Multimedia, 1993, pp. 199-206.[13]Mantei M., Baecker R., Sellen A., Buxton S.,Milligan T., Wellman B. Experiences In The Use OfA Media Space. In Proceedings Of ACM ConferenceOn Computer Human Interaction, 1991, pp. 203-208.[14]Pier K., Newman W., Redell D., Schmandt C.,Theimer M., Want R. Locator Technology inDistributed Systems: The Active Badge. InProceedings Of Conference on OrganizationalSystems, 1991, pp. 285-287.[15]Root R. Design Of A Multi-media Vehicle ForSocial Browsing. In Proceedings Of ACM ConferenceOn Computer Supported Cooperative Work, 1988,pp. 25-38.[16]Smith I., Hudson S., Mynatt E., Selbie J. ApplyingCryptographic Techniques To Problems In MediaSpace Security. In Proceedings Of ACM ConferenceOn Organizational Computing Systems, August1995.[17]Smith, I., Hudson, S., Low Disturbance Audio forAwareness and Privacy in Media Space Applications.in Proceedings of ACM Multimedia ’95, Nov. 1995.[18]Tang, J., Rua M., Montage: Providing Teleproximityfor Distributed Groups. In Proceedings Of ComputerHuman Interaction, 1994, pp. 37-43.[19]Whittaker S., Frohlich D., Daly-Jones O. InformalWorkspace Communication: What Is it Like AndHow Might We Support It. In Proceedings Of ACMConference On Computer Human Interaction, 1994,pp. 131-137.