Data Exchange and TelecollaborationProc. INET �95A. Feldman, L. Johnson, D. Lieberman, et al.Data Exchange and Telecollaboration:Technology in Support of New Models of EducationAlan Feldman <alan_feldman@terc.edu>Lisa Johnson <lisa_johnson@terc.edu>Daniel Lieberman <daniel_lieberman@terc.edu>Irene Allen <irene_allen@terc.edu>Johan van der Hoeven <johan_van_der_hoeven@terc.edu>AbstractThe Testbed for Telecollaboration is a three-yearinitiative funded by the National Science Foundationto research and develop effective methods to supportcollaborative investigations and learning incommunities of K—12 classrooms. Data exchange isa key concept of the Testbed. This paper describesthe approach to data exchange that was first tried inthe Testbed communities and some of thelimitations that were encountered, and presents adirection for a far more flexible model. This newmodel simplifies data exchange among remote sites,facilitates the use of this data with a variety of dataanalysis tools, and gives users important support toguide their investigations and collaborations. Centralto this approach is a new format for data exchange,which is outlined. We propose steps to define furtherthe format and to create a widely used standard.1IntroductionThe best uses of new technologies are not alwaysobvious nor the first employed. �Steam sailboats�conventional sailboats equipped with a steamengine�were an early application of steam power,designed to motor a sailboat out of doldrums. Theinventors at the cutting edge at that time could notsee that steam would lead to larger, all-steel boatsthat would use only steam and not have sails.Solving the problem of being stuck in the doldrumswas useful, but because it was limited to the oldparadigm of sailboats, the solution did not makevery good use of the steam engine. In fact, in a shorttime the new paradigm rendered the steam sailboatitself irrelevant.Many K—12 educational uses of networking aresteam sailboats�slightly better ways of doing whateducators have always done, but within the oldparadigm. On-line encyclopedias and lectures-by-video are applications solving specific problems,like steaming out of the doldrums, but failing tograsp the new paradigm, the completely newarrangements that the technology makes possible.Many educational uses of networking are still stuckat steam sailboat technology�perhaps even in thedoldrums.TERC, an educational R&D company thatfocuses on math, science, and technology in gradesK—12, has a long-standing commitment todeveloping new paradigms of education, includingapplications of technology to support project-centered learning. This paper summarizes TERC�sexperiences in implementing one new educationalparadigm, the Network Science curriculum model.This curriculum model makes use of the technologyof data exchange. The paper addresses some of thetechnical issues that have arisen in implementing themodel. In particular, the relationship between dataand their context are examined, and a format isproposed that will enable multiple users to share notonly data, but the context of the data as well.Finally, a standard for data exchange is outlined, andwe propose steps toward the definition andwidespread use of this standard.2New Models of Network UseNew models of network use are emerging whichmake use of the power of the Internet to involvestudents in computer- and network-basedcollaborations that provide them access to richhuman, informational, and computational resources.The Testbed for Telecollaboration is developing onesuch model, Network Science, characterized by:¥technology-enhanced projects¥shared data¥shared goals¥shared knowledge building¥collaboration¥investigation of real science problemsThe model which has emerged from our workwith the various Testbed communities is grounded inTERC�s work over the past decade in developing theeducational power of technology, including thedevelopment of the NGS Kids Network¤ and theGlobal Laboratory curriculum. With the emphasison technology, shared data, shared goals, and sharedknowledge building, this model also reflects the waythat many scientists work.[1]The Testbed staff at TERC has documented theNetwork Science model[2], described the results ofthis model as applied to various Testbedcommunities[3], and collaborated with the staff ofvarious Testbed communities in writing curriculumthat reflect this model[4]. The Testbed staff has alsocreated technologies to support Network Science,including the Alice Network Software client

Data Exchange and TelecollaborationProc. INET �95A. Feldman, L. Johnson, D. Lieberman, et al.(http://hub.terc.edu/terc/alice/alice.html) and anautomated data sharing server(http://hub.terc.edu/terc/alice/newsletter2).Students� access to data is key to goodinvestigations. As telecommunication becomes lessexpensive and good connections become widelyavailable in schools, science classrooms can sharedata which students have collected themselves. Bycreating sets of data collected at multiple sites,students can evaluate the significance of a larger dataset. Data collected from geographically distributedsites allow students to look at patterns that wouldnot be accessible in any other way. Because the dataare collected as needed, students are able to refinetheir hypotheses and take additional measurements.Finally, students are able to engage others (students,teachers, scientists�all online) in interpreting thedata�and through these discussions experience first-hand the excitement of science.While data exchange introduces a variety of newpossibilities, it also introduces new problems.Because the data no longer reside with the person orgroup who collected them, the organization andformat of the data, and the context which givesmeaning to the data, are in need of explication.Contrast that to locally collected and locally useddata, where the organization, format and context arecreated by the teacher or by agreement of thestudents, and by common (often tacit) understandingof procedures. This paper addresses the need that hasbecome apparent to us to attach to the data thecontext which gives meaning to the data.3Data and Their ContextContext helps people give meaning to data.Consider a sample data set1:Suefemale1.731.73Jamalmale1.701.79Enricomale1.601.65Table 1: DataTo make any sense of these data, we need toknow what the names and numbers represent. If we

1 The data table design used in the example is forcolumn-oriented data, typical of a database, and not forother data structures. The implicit design is that asimilar set of data is being collected repeatedly,typically by classes at different locations and/or atdifferent times. In the simplest case, a group of classesis collecting information about a set of variables, suchas acidity of the first rain in May, and analyzing theirconsolidated data set. A more complicated design is thatsuccessive groups of classes are collecting a set of datasuch as the first appearance of a certain animal speciesin the spring, and the consolidated data set can beanalyzed for a single year for geographic variation, orat a single location over a succession of years.add column names, we begin to get the idea.StudentGenderHeight_1Height_2Suefemale1.731.73Jamalmale1.701.79Enricomale1.601.65Table 2: Data with Column NamesWe use the term meta-data to refer to theinformation that gives context, and thereforemeaning, to data. For each column, meta-dataincludes formatting information such as the data typeand length. For each data type, other informationmay be required. For example,type=decimalsrequires information about precision, such asprecision=2(number of decimal places); for categories like�gender,� information about what categories arepermitted is needed:type=categoryoptions="male","female"Each column may also include fields intended to givethe user additional information. We have found usefor an annotation field and a reference field. Anannotation field describes the data in a column inmore detail than the column title. This annotationcould be displayed by the user�s software. Forexample, the column Height_1 might have theannotation, �Student�s height in September,measured in meters. Measure to the nearest cm.�These words would appear when students had thepointer on any cell in this column. A reference fieldis a pointer to some source of information abouthow to measure this category. If this reference werewritten as a URL, then fully-enabled software wouldaccess the reference upon request. This informationwould be represented byannotation="Student�s height in September,measured in meters. Measure to the nearest cm."reference=http://hub.terc.edu/curriculum/changing_bodies/ height_1.htmlIn addition to meta-data about a column, meta-data can describe the table itself. For the table, meta-data would include an address for the server locationof the consolidated information (master table) andpossibly an annotation for the whole data set such as�Data collected by sixth grade students in the state ofMassachusetts, starting in 1993,� with a referencethat points to the curriculum that motivated the datacollection activity. As before, if the reference werewritten as a URL, then fully-enabled software wouldaccess the reference upon request.2

2 In our design, described below, we have also includedthe possibility of including meta-information abouteach row. To keep the discussion simple, we are not

Data Exchange and TelecollaborationProc. INET �95A. Feldman, L. Johnson, D. Lieberman, et al.Meta-dataMeta-data is information provided with a data setthat gives context to the data, for both the systemthat processes the data and for the user. Some meta-data can be used by the system (client and serversoftware) to process and validate the data. Somemeta-data can be read by the user. Both the table as awhole and individual columns can be assigned meta-data.For a column, meta-data includes formattinginformation for the data in the column such as thedata type and length, a reference, and an annotation(additional information for the user that is descriptiveof the column).For a table, meta-data can include the URL of themaster table for the consolidated data set, a reference(a pointer to where additional information can befound), and a general description of the data set.4Evolution of Data ExchangeTechnologies:TERC�s ExperiencesTERC has designed technologies to supportNetwork Science projects including NGS KidsNetwork, Global Laboratory, and multiple projectsin the Testbed for Telecollaboration. This experiencehas shaped our understanding of data exchange andanalysis, and is helping us move our design towardsa simpler, more flexible, and more versatile dataexchange model.The original data exchange model was developedin 1988 for NGS Kids Network. We refer to thismodel as a �closed� community because of the manytechnical requirements for participation. It involves acommunity with pre-defined data in a specially-designed file format. The data are exchanged amongclassrooms using e-mail. Each curriculum unit hasits own specialized client application, which is usedby all classes participating in that unit.This model is sufficient for the pre-defined,unchanging use of data in NGS Kids Network. It isan approach analogous to the prevalent practice inbusiness of developing a specialized databaseapplication for each data base. However, it becameclear that this model was not flexible enough toextend to a wider audience with diverse projects anddata needs, as required by Network Science curricula.The model of data exchange we currently use (theAlice model) is more flexible and more open. It wasspecially designed to be cross-platform (Mac andPC), work on low-end Macs as well as PCs running discussing the uses for this information. Such adiscussion has to take account of the process of dataconsolidation on the server.Windows, and to connect schools via e-mail. In thismodel there is a general purpose client application,the Alice Network Software, which can be used byall projects for data exchange and data analysis, and aserver that provides automated data sharing. Theclient and server use ASCII e-mail messages as ameans for data exchange. The comma-delimitedASCII data format for submitting and retrieving datais intended to open the possibility for participants touse any e-mail program for data exchange, and to useany data analysis tool for analyzing data. The AliceNetwork Software uses a specially-designed fileformat, one that allows for annotation, data types,and formatting for each column, and the software canimport and export data in both comma- and tab-delimited ASCII and in WKS format.The Alice model has been used by Global Laband other Testbed for Telecollaboration projects forthe past two school years, and is designed for a low-bandwidth environment. The model has enabledgroups of classrooms to consolidate data sets thatthey have collected, to analyze their data, and todiscuss their findings. The software includes someuncommon approaches to data collection (e.g., useof latitude, longitude, categorical data) and to dataanalysis (e.g., the creation of graph types designedspecifically for Network Science projects).In order for this model to work, several piecesmust be in place. First, users (classrooms) musthave templates for the Alice Network Software thatprovide meta-data for each column: annotations, datatype, and formatting information. These templates,usually sent with the software to each school, areused both for recording data before submitting it tothe data sharing server, and when data are retrieved,for displaying the ASCII data retrieved from the datasharing server. Second, users need to have a specialaddress book for data submission/retrieval containingdatabase address and codes, and to correctly select thename of the database to which they are submitting.Third, the server must have in place a database thatmatches the data types being submitted by classes.Through our Testbed projects, these issues havebecome evident:•It is easy for users to submit data to the wrongtable by making an incorrect selection from theaddress book; not only easy, but common!•Data templates are complex, and often projectorganizers or participants want to makeimprovements. However, to make changes to adata template after the software is releasedrequires users to have a conceptualunderstanding of templates; this makes theprocess of changing a template (or thecurriculum) after its release very difficult.Some changes in the template may also requirea change in the server data table.•The current design only allows submission ofnew rows of data to the consolidated table, anddoes not allow us to specify when a row of

Data Exchange and TelecollaborationProc. INET �95A. Feldman, L. Johnson, D. Lieberman, et al.data being submitted is an addition topreviously submitted data, or a correction topreviously submitted data. In practice, each ofthese possibilities is important for differentsituations.•While the original system was cleverlydesigned to allow users to participate fullyusing any e-mail client (e.g., classes abroad,where they did not have access to EcoNet orother Alice-enabled telecommunicationssystem), it was in fact only a few technicallysavvy and adventuresome users who attemptedto do so, and even for these users, the chanceof them making an error was very high. Thegoal of an open system affording widespreadaccessibility was not achieved.In short, the system has proven in practice tolack sufficient flexibility for widespread, scaleableclassroom use, to require more training in use thanmost teachers are likely to receive, and to be proneto human error. As we analyzed the problems, werecognized that understanding the role of meta-data aspart of data sets was one key to solving the problem.A redesign of the system had to begin with betterdistribution of meta-data.5Redesigning the Data ExchangeSystemWe are currently designing a new data exchangemodel whose goal is to facilitate data exchangeamong users who may be using different software,and to make possible analysis using a variety ofdifferent data analysis tools. Key to this approach isa proposal for a new data exchange format.5 . 1 Keeping Meta-Data With DataThe basic principle is to keep the meta-data withthe data itself at all times. The meta-data includesinformation about the table as a whole as well asinformation about the data itself.In the new system, the meta-data will be storedon the server with the data. When users want tocollect data, they query the server for the meta-dataand are sent the information from which the clientprogram can automatically configure the software(i.e., create the template). In this way, the templatewill always be the latest revision, and there will befewer constraints on revising the templates.When users are ready to submit their data, theuser can simply tell the application to submit thedata. There is no need to select an address from anaddress book; the data table already knows the addressof the master table, which is part of the table�s meta-data. When the server receives the data, it can readthe name of the table�s master table and parse themeta-data in order to determine the right actions totake with the data (e.g., whether to add the data asnew rows or as a correction to old data). Further,since the data type is also included in the meta-data,any data type errors will show up as mismatchedmeta-data, which can then generate an error or beaccepted as appropriate.The meta-data is included when a consolidated setof data is retrieved from the server, so there is noneed for users to have on hand a template to view thedata appropriately.In fact, the inclusion of the meta-data with theretrieved data makes the system more open andflexible in another very important way. In additionto making data exchange easier to accomplish, thisdesign will also make the use of multiple tools fordata analysis much easier. Whereas the current Alicemodel is designed specifically for use of the AliceNetwork Software data analysis tool, the presence ofthe meta-data opens the possibility of usersimporting the data easily into a data analysis tool oftheir choice. This choice may reflect what is locallyavailable, or more ideally, will reflect the kind ofanalysis they want to do with the data. Although theexisting Alice Network Software data analysis toolis a very useful general purpose tool, teachers orstudents may already be familiar with a particularspreadsheet application, or they may want theadditional power of a specialized application such asa mapping (GIS) application.Keeping the meta-data with the data at all timesis one of the key design features which distinguishesour new model of data exchange. The availability ofmeta-data means that the client and server softwarealways know how to process the data, and that usersalways have additional information about what thedata actually means, e.g., how the data is collected.5 . 2 Proposed Data FormatA common model for data, one with which theTestbed has worked, is a column-oriented data table.In this model, data is organized into columns androws. Each row represents the data collected by oneclass; and each column represents data responding tothe same question, such as the height of the student,and therefore has the same data type (decimalnumber) and the same units of measurement (meter).A common exchange format for data of this typeis tab-delimited data. We propose a new format,which we call Meta-Data Enhanced/Tab-Delimited data (MDE/TD data). This formatconsists of tab-delimited fields, and fields can includemeta-data and markers in addition to data itself.Meta-data and data have been defined; markers arewords that are included to help software applicationsto parse (and people to understand) the fields ofinformation. The markers in the diagram below arethe words meta-table, meta-column, and data-row (shown in bold). When markers are notprovided, defaults will be used which will allow tab-delimited data sets to be handled appropriately.The marker meta-table must appear in the veryfirst field, and indicates that all fields in these rows

Data Exchange and TelecollaborationProc. INET �95A. Feldman, L. Johnson, D. Lieberman, et al.contain meta-data about the table. The marker meta-column shows which rows contain meta-data aboutthe columns. The marker data-row tells whichrows contain data. In Table 3, we are showing howtable meta-data and column meta-data are saved. 3meta-tableTablemeta-dataTablemeta-data...meta-columnCol 1meta-dataCol 2meta-data...meta-columnCol 1meta-dataCol 2meta-data...meta-column.........data-rowdatadatadatadata-rowdatadatadata�datadatadataTable 3: MDE/TD FormatThe primary benefit of this design is that, withno additional work, all standard programs whichcurrently support tab-delimited data can read the file.In the simplest case, the user can read the formattinginformation and configure the data table. Looking tothe near future, new programs and translatorsdesigned to take advantage of the meta-data willbehave sensibly. Fields that they can interpret willbe used to automatically configure the application;and fields that cannot be interpreted by that particularapplication will appear in cells as text, enabling theuser to optimize choices. Looking ahead evenfurther, applications themselves will be able tooptimize the configuration for the user.What does meta-data look like? Let�s look at theexample that we have been developing.

3 In order to keep the discussion of MDE/TD formatshort, we are not discussing how to represent meta-information for table rows. However, in the generalmodel, we are including the option of meta-data for rowsas well. Such information might include indicatingwhich rows have been retrieved and which ones arebeing submitted; and for rows being submitted, whichrows are new, which rows are corrections to existingrows, and which rows should be deleted. We have alsochosen not to complicate the discussion with adescription of meta-data for a cell of data, but thegeneral design will include this option as well.meta-t a b l e annotation="Student�s height in September,measured in meters. Measure to the nearestcm."meta-t a b l e reference=http://hub.terc.edu/curriculum/changing_bodies/height_1.htmlmeta-columntype=texttype=categorytype=decimaltype=decimalmeta-columnoptions="male","female"length=4length=4meta-columnreference=(a)precision=2precision=2meta-columnreference=(b)reference=(c)meta-columnname=Studentname=Gendername=Height_1name=Height_2data-rowSuefemale1.731.73data-rowJamalmale1.701.79data-rowEnricomale1.601.65Table 4: Data, Meta-Data, and Markers inMDE/TD format (Note: column referencesomitted in this diagram due to length.)The first two rows, each beginning with themarker meta-table, give information about thetable itself. The next four rows, each beginning withthe marker meta-column, give information aboutthe columns; and the rows beginning with themarker data-row contain the data from the originaltable. To see the actual ASCII version of this file,click on URLhttp://hub.terc.edu/terc/alice/format.html.6Proposed Approach to DataExchangeThe proposed MDE/TD data format is bestunderstood in the context of other data exchangeformats. We will look at two other formats, discusssome general considerations about how to design adata exchange format, and conclude with specificsteps that can be taken towards creation of a widelyaccepted data exchange standard.6 . 1 Smart Formats and StandardProgramsPrevious approaches to solving the problem ofdata formats for data exchange have focused on twosolutions: standard formats and smartprograms/translators. Each of these approachessolves part of the existing problem and introducesnew problems.

Data Exchange and TelecollaborationProc. INET �95A. Feldman, L. Johnson, D. Lieberman, et al.Standard formats, such as Hierarchical DataFormat (HDF) developed by National Center forSupercomputing Applications(http://hdf.ncsa.uiuc.edu:8001/HDFIntro.html), havebeen created to help solve the problems of dataexchange. The difficulty with standard formats,however, is that most existing applications cannotread the file format and new applications (ortranslators) must be developed to interpret the dataformat. The HDF library makes support of the HDFformat easier, but applications still must be createdor modified to support HDF. Additionally, none ofthe current HDF object formats are flexible enoughto support all possible data types (e.g., latitude andlongitude, and categorical data), nor do they supportthe range of meta-data used for data exchange,especially meta-data about the table itself.The smart programs approach also solves someof the problems. The use of smart programs allowsall the existing data to still be accessible, existingprograms can be used, and the original file retains allof its detail. This solution, however, requirestranslators to be created and in the case ofFREEFORM, developed by the NationalGeophysical Data Center (http://www.ngdc.noaa.gov/seg/freeform/ff_intro.html),companion text files containing descriptions of thedata sets need to be created. Additionally, there isstill the problem of the current formats not beingflexible enough to support the range of data typesand meta-data.In this paper, we are proposing a differentapproach, an approach which uses smart formats, canwork immediately with many standard programs, andcan serve as a standard to be built into software inthe future.6 . 2 Designing a Data ExchangeFormatWhat makes a good data exchange format? Agood format makes it easy to accomplish scientificand educational goals by sharing data. In otherwords, it makes it easy to share data, it allows forflexible uses of data, and gives users importantsupport to guide their investigations andcollaborations.We have come up with three general principlesthat are guiding our current work in designing theformat. Those three principles are standardization,versatility/extensibility, and simplicity.Standardization is important to encouragedevelopers to write software that supports theproposed format. The need is apparent: there willalways be users who either can�t use a givensoftware application, either because they don�t ownit, have technical constraints, or have other toolsthey are accustomed to using. However, if a dataexchange format emerges that is generally supportedby developers, people would be able to continue touse their favorite software and still be able to sharedata. In a wide-scale collaborative environment, thereis a diversity of software, and professionaldevelopment resources are scarce (and are best spenton pedagogical ends), so standardization of dataexchange format is especially valued.The format for data exchange should also be asversatile and extensible as possible, allowing itto meet needs whose importance may not beapparent to us yet, but will be as the format is used.A versatile format is much more likely to becomestandard since it will address more people�s needs.Also, a flexible standard could support specialfeatures that some tools provide and others don�t.For instance, a mapping tool would include latitudeand longitude as data types, but a regular spreadsheettool does not. By allowing the mapping tool to addthese new types but using a simple data storageformat, we can simultaneously support tools usingadvanced mapping features and allow users with lesssophisticated tools to read the data and do theprocessing that their tools do support.Simplicity means that information is notencoded, but is readily decipherable. This qualitymakes it practical for others to understand andimplement the standard, and to extend it whenneeded. It also makes it possible for users to workwith the meta-data even if they don�t have tools thatsupport it properly. For example,type=decimallength=8precision=2can be understood by users without difficulty, andallows the possibility of users configuring theirapplication manually.6 . 3 Creating a StandardWe propose that the MDE/TD data exchangeformat be developed into a standard that will servethe educational community, and possibly a widercommunity as well. We see five steps necessary toreach this goal:First, we are using this paper to make a case forthe importance of having a standard; our intendedaudience is people working with data exchange in theeducational community and beyond. While we areprimarily concerned with exchange of data in thecontext of education (e.g., Network Science projectsand similar projects run by GREEN and I*EARN),we are also interested in getting input from the widertechnical community.Second, we will post an initial draft of what sucha standard might look like, and invite writtencomments from others. We are interested in whatproblems in data exchange they have encountered,and how the standard might take account of theseproblems.Third, we will continue to develop the proposedstandard to take account of problems that we haven�taddressed yet, e.g., who has permission to change

Data Exchange and TelecollaborationProc. INET �95A. Feldman, L. Johnson, D. Lieberman, et al.meta-data in a file.Fourth, we plan to adapt the Alice NetworkSoftware data analysis tool as the first application tomake use of this approach. We will try out theapproach in a community using both the AliceNetwork Software and other data analysis tools, andlearn from user feedback.Fifth, we plan to develop a consensus of usersand developers around the standard, with the goal ofhaving the standard widely accepted. To develop thisconsensus, we will start with the educationalcommunity but will consult with others as well. Inthis way, we will encourage widespread adoption ofthe standard.6 . 4 Future StepsIn the long term, we plan to work with otherorganizations to put the key pieces in place. Theseorganizations might include groups like CNIDR,I*EARN, and BBN, which do technical developmentfor education, and software development companies.The pieces that will need attention include librariesfor working with the MDE/TD data format,translation programs to convert MDE/TD data setsto other formats, and adaptation of existing dataanalysis tools to this standard.References[1]The Collaboratory: Pacific NorthwestLaboratory�s Environmental and MolecularScience Laboratory. (1995, April). ScientificComputing and Automation,. pp. 49-51.[2]Feldman, A., & Nyland, H.. (1994, April)Collaborative Inquiry in NetworkedCommunities: Lessons From the Alice Testbed.Paper presented at the AERA, New Orleans, LA.Cambridge, MA: TERC. Available from theauthors, orhttp://hub.terc.edu:70/hub/owner/TERC/centers/tfl/Alice/Testbed.[3]Feldman, A., & McWilliams, H. (1995).Planning Guide for Network Science. Cambridge,MA: TERC. Available from TERC, 2067Massachusetts Ave., Cambridge, MA, 02140, orhttp://hub.terc.edu/terc/alice/netplanning.html.[4]McWilliams, H. (1995). Wetlands: AnEnvironmental Science TelecommunicationsCurriculum. Cambridge, MA. TERC.McWilliams, H. (in press). EnergyNet: AnEnergy Education TelecommunicationsCurriculum (tentative title). Cambridge, MA.TERC. Both curricula available from Testbed forTelecollaboration, testbed@terc.edu, or mail: c/oTERC, 2067 Massachusetts Ave., Cambridge,MA, 02140.Author InformationAlan Feldman is co-Director of the Tools forLearning Center at TERC, and Project Director ofthe Testbed for Telecollaboration. He is learning toenjoy hanging out with techies, who are a verydifferent group than the teachers and kids with whohe used to hang out. Current address: TERC, 2067Massachusetts Ave., Cambridge, MA 02140.Lisa Johnson is Technical Director of the Testbedfor Telecollaboration at TERC. No average techie,she has a masters in Educational Technology fromHarvard GSE and loves to play soccer on Wednesdayafternoons. Current address: TERC, 2067Massachusetts Ave., Cambridge, MA 02140.Daniel Lieberman was a Unix Systems Managerat TERC, where he worked on the staff of theTestbed for Telecollaboration. He is now headedwest to NETCOM, where he will be pioneering thefuture of the Internet. Current Address: NETCOM,3031 Tisch Way, San Jose, CA 95128.Irene Allen is a Software Engineer at TERC, andworks on the staff of the Testbed forTelecollaboration. She focuses her efforts on dataanalysis tools. Current address: TERC, 2067Massachusetts Ave., Cambridge, MA 02140.Johan van der Hoeven is Software Architect atTERC, and works on the staff for the Testbed forTelecollaboration. He is also an artist, some of hiswork can be viewed at:http://www.rosebud.com/cgi-bin/johan.Current address: TERC, 2067 Massachusetts Ave.,Cambridge, MA 02140.