1A Survey of HypertextJeffrey ConklinMCCSoftware Technology ProgramP.O. Box 200195Austin, Texas 78020conklin@mcc.com(512) 343 0978(Converted from ACM’s Hypertext on Hypertext HyperCard stack by paolo petta, April 1995)AbstractHypertext is a computer-supported medium for information in which many interlinked documents aredisplayed with their links on a high-resolution computer screen. The links may be directly activated by apointing device such as a mouse, which causes the document referenced by the link to appear instantly ina new window on the screen. While the concepts of hypertext are not new, the technology to make iteffective is new. This paper reviews most of the existing hypertext systems, and then explores in somedetail the fundamental features of hypertext and some of the design options in constructing hypertextsystems. The advantages and disadvantages of hypertext are discussed in terms of four major applicationcategories: macro literary systems, problem exploration systems, structured browsing systems, andsystems developed to explore hypertext technology.PrefaceAbout one year ago I wrote the first version of this technical report. It was a modest paper, about 40 pageslong, and it was incomplete and somewhat out of date in many ways. There was a great deal of interest inthat TR, however, and many people wrote with suggestions about ways the paper could be extended andbrought up to date. Incorporating those changes lead to Revision 1 in February, 1987. During this time moresuggestions and news of new hypertext systems continued to challenge my filing system.At the urging of several colleagues I sent Version 1 to Bruce Shriver at IEEE Computer , who replied quicklythat he was very interested in publishing it if I could both make it at least 20% shorter and completely fill inthe chart of the systems reviewed. While doing this I made several additions, polished quite a bit of the text,and spent many hours one memorable weekend on the phone with Andy van Dam finding out about awhole new twist on the history of hypertext. The version for Computer also got quite a bit of additionalfigures and photos. Bruce wanted to keep the bibliography of the Computer article short, so I agreed to limitmyself to 20 or so references, but we agreed to offer the MCC TR, with its more complete bibliography, as areader service option at the end of the article.The response from the Computer article has been enormous. Requests for the �more detailed version�continue to come in (many of the , fortunately, from IEEE’s computer with addresses already printed onsticky labels). Over 600 have been recieved to date. It was gratifying to see the impact of the article on thesmall but growing hypertext community at Hypertext ’87 in Chapel Hill. Apple’s introduction of HyperCardis going to add to the intellectual frenzy that is heating up about hypertext. New systems, and changes to oldones, are occuring at a pace that suggests that I could easily make this TR into a serial publication.My problem is that my main research interest is still in the area of supporting design deliberation andcapturing design rationale, topics which relate to hypertext only as it is and enabling technology. I findmyself wishing someone else comes along soon who is more eager than I to be the �Mr. Know-it-all� ofhypertext, so I can get back to work. Until then, I’m waiting for the signs that hypertext has made it to the�big time� � like being invited to be on the Today show, or at least David Letterman .Jeff ConklinAustin, TexasDecember, 1987

21. IntroductionMost modern computer systems share a foundation which is built of directories containing files consisting oftext composed of characters . For much of our current way of doing business this linear organization issufficient. However, even traditional documents have parts that seek to break from the linear flow (e.g.footnotes), and there is a growing application for text that can have a richer structure. For example, thedocumentation of a computer program(1) is usually either squeezed into the margins of the program, inwhich case it is generally too terse to be useful, or its text is interleaved with the text of the program, whichbreaks up the flow of both program and documentation. In the development of large software systems,where there are many kinds of documents, all of which heavily reference each other, this problem is moresevere.However, as workstations(2) grow cheaper, more powerful, and more available it is becoming increasinglyattractive to extend the traditional notion of �flat� text files organized hierarchically by allowing morecomplex organizations of the material. Mechanisms are provided which allow direct machine-supportedreferences from one textual chunk to another; information is collected in smaller chunks because this is moreconsistent with such a referencing facility. These extensions fall under the general category of hypertext (alsoknown as nonlinear text ). Ted Nelson, one of the pioneers of hypertext, once defined it as �a combination ofnatural language text with the computer’s capacity for interactive branching, or dynamic display � of anonlinear text � which cannot be printed conveniently on a conventional page.�This paper is a survey of existing hypertext systems, their applications, and their design. It is meant to beboth an introduction to the world of hypertext and, at a deeper cut, a survey of some of the most importantdesign issues that go into fashioning a hypertext environment.One of the most promising applications for hypertext is in structuring on-line access to the large number ofdocuments currently involved in the system development process, e.g. requirements, specifications, designs,standards, policies, memos, notes, etc. Not only can hypertext provide more rapid and natural access tothese documents, but it can smoothly integrate the official public documents with personal notes andmemos. This report provides a background for several lines of research within the MCC SoftwareTechnology Program (STP) on uses of hypertext within Leonardo such as design document integration,capture of design rationale, and teamwork and meeting support.1.1 What is Hypertext?The concept of hypertext is quite simple: windows on the screen are associated with objects in a data base(see Figure 1), and links are provided between these objects, both graphically (i.e. as labelled icons) and inthe data base (i.e. as pointers).But this simple idea is creating much excitment. Several universities have created laboratories for researchon hypertext, many articles have been written about the concept just within the last year, and theSmithsonian Institute has created a �National Demonstration Laboratory� to develop and display hypertexttechnologies. So what is all the fuss about? Why are some people willing to make such extravagant claimsabout �idea processing� and �a basis for global scientific literature�?In this paper I will attempt to get at the essence of hypertext, and discuss its advantages (i.e. what problemsit solves) and disadvantages (i.e. what problems it creates). It is my opinion that this technology opens somevery exciting new possibilities, particularly for new uses of the computer as a communication and thinkingtool. However, the reader who has not used hypertext should expect that at best it will come across as acollection of interesting features, just as a description of electronic spreadsheets will not get across the realelegance of that tool. In fact, one must live in a hypertext environment for a while for the collection offeatures to gel into a useful tool.One problem with identifying the essential aspects of hypertext is that the term has been used quite looselyin the past 20 years for many different collections of features. Such tools as window systems, electronic mail,and teleconferencing share features with hypertext. Early hypertext systems emphasized three aspects: adatabase of nonlinear text, �view filters� which selected information from this database, and �views� whichstructured the display of this information for the terminal. The availability of workstations with highresolution displays has shifted the emphasis to more graphical depictions of nodes, links, and networks,such a using one window for each node. This paper focuses on machine supported links (i.e. rapid automaticlink following both within and between documents) as the essential feature of hypertext systems, and treatsother aspects as extensions to this basic concept.(3) It is this linking capability which allows a nonlinearorganization of text. A heavy use of windows, and a one-to-one correspondence between windows and

3nodes in the database, iscommon to manyhypertext systems, butwe consider this featureto be of secondaryimportance.One way to delimit whathypertext is is to pointout what it is not .Briefly, there are severalsystems which havesome of the attributes ofhypertext but which donot qualify. One iswindow systems; whilewindow systems do havesome of the interfacefunctionality, andtherefore some of the�feel�, of hypertext,window systems haveno single underlyingdatabase, and thereforelack the database aspectof hypertext. Anothercandidate is file systems;one could claim that afile system is a database,and that one movesamong �nodes� (files) bysimply invoking aneditor with their names.Hypertext demands amore sophisticatednotion of links, and moremachine support forthem, than typing namesto a text editor prompt.Similarly, most outlineprocessors (such as�ThinkTank�) have littleor no support forreferences betweenoutline entries, althoughtheir integratedhierarchical database andinterface do approximatehypertext better than theother candidatesmentioned. Textformatting systems suchas Troff and Scribe allowa tree of text fragmentsin separate files to begathered into one largedocument; however, thisstructure is hierarchical,and there is no interfacefor on-line navigationwithin this (essentiallylinear) document.Finally, databasemanagement systems(DBMSs) have �links� ofvarious kinds, e.g. relational and object oriented, but again lack the emphasis on having a single coherentinterface to the database which is the hallmark of hypertext.As videodisc technology comes of age there is growing interest in the extension of hypertext to the moregeneral concept of hypermedia , in which the elements which are networked together can be text, graphics,digitized speech, audio recordings, pictures, animation, film clips, and presumably tastes, odors, and tactilesensations. At this point little has been done to explore the design and engineering issues of these additionalmodalities, although many of the high-level design issues are likely to be shared with hypertext. Thereforethis survey will primarily address the more conservative text-based systems.1.2 A Glimpse of Using HypertextIt is useful to have a sense of the central aspects of using a hypertext system, particularly if you have neverseen one. Below is a list of such features for a somewhat idealized hypertext system. Some existing systemshave more features than these, and some have fewer or different ones � the point here is to create a sense ofusing such a system, both for writing and reading.¥The database is a network (or graph) of textual (and perhaps graphical) nodes (which can be thoughtof as a kind of �hypergraph� or �hyperdocument�.)¥Windows on the screen correspond to nodes in the data base on a one to one basis, and each has aname or title which is always displayed in the window. However, only a small number of nodes areever �open� (as windows) on the screen at the same time.¥Standard window system operations are supported: windows may be repositioned, resized, closed,and put aside as small window icons. Both window and icon position and size (and perhaps also colorand shape) are cues to remembering the contents of the window. Closing a window causes thewindow to disappear after any changes that have been made are saved to the database node. Clicking

4with the mouse on the icon of a window that has been put aside causes it to open into its windowinstantly.2. Hypertext ImplementationsThe history of hypertext is rich and varied, because hypertext is not so much a new idea as a natural andgeneral use to which to put computers. As such there have been many contributors to the idea, and each ofthem seems to have had something different in mind. We gather most of them together for review in thissection, in an effort to present some historical flow to the development of the ideas as well as to sketch someof the hypertext applications that have been thought of to date. We have not described the individualsystems and ideas reviewed here in any detail � for that the reader is invited to consult the literaturedirectly.One sort of manual hypertext is the traditional use of 3x5 index cards for note taking. Note cards oftenreference each other, as well as being arranged hierarchically (e.g. by shoebox or rubber-banded bundles).One particular advantage of note cards is that their small size modularizes the notes into small chunks,making it easier to reorganize a set of cards when new information suggests a restructuring of the notes. Ofcourse, one problem with note cards is that it can be difficult to find a specific card if there are many of them.Another kind of manual hypertext is exemplified by dictionaries and encyclopedias, each of which can beviewed as a graph of textual nodes joined by referential links , and in that sense they are a very old form ofhypertext. As one reads an article or definition, explicit references to related items indicate where to getmore information about those items. True, the majority of people’s �transactions� with a dictionary makeuse of the linear (alphabetic) ordering of its elements (i.e. definitions) for accessing a desired element. But anencyclopedia can be best used in the mode of exploring the local nodes in the �network�, once one has foundthe desired entry through alphabetic lookup. Indeed, many reference and technical documents � considerthe microfiche parts diagrams used by your automobile mechanic � are rich with cross references.There are even some ancient documents in which references to other parts of the document, or to otherdocuments, constitute a major portion of the work. Both the Talmud, with its heavy use of annotations andnested commentary, and Aristotle’s writings, with their reliance on references to other sources, are ancientcandidates for hypertextual representation.But if one insists, as most modern proponents of hypertext do, that navigation through hypertextual spacemust be computer supported in order to qualify as true hypertext, then the field is narrowed considerably,and the history likewise shortened.In some ways the people who first described hypertext � Bush, Engelbart, Nelson � all had the same visionfor hypertext as a path to ultimate human-computer interaction, a vision which is still alive today amonghypertext researchers. Thus the historical review below stresses the early development of ideas abouthypertext as much as the more contemporary implementation efforts.Because of the difficulty of precisely classifying hypertext systems according to their features, ourdescription here will list systems according to application. There are generally four ways in which hypertextsystems have been used:macro literary systems: the study of technologies to support large on-line libraries in which inter-documentlinks are machine supported � all publishing, reading, collaboration, and criticism takes place withinthe network;problem exploration tools: tools to support early unstructured thinking on a problem, in which manydisconnected ideas come to mind, such as early authoring and outlining (�idea processors�), problemsolving, and programming and design;browsing systems: similar to macro literary systems, but smaller scale � systems for teaching, reference,and public information, where ease of use is crucial;general hypertext technology: general purpose systems designed to allow experimentation with a range ofhypertext applications � most commonly applied to reading, writing, collaboration, etc..These categories are somewhat informal � often it is only the single application to which a system has beenapplied that determines which category it is described in. Bear in mind that some of the systems mentionedbelow are full-scale environments, while others are still only conceptual sketches. Some systems havefocused more on the development of the �frontend� � the user interface aspects � while others have

5focused on the database issues of the �backend�. (Various features of those systems described here whichhave been implemented are summarized in Figure8).2.1 Macro Literary SystemsThe earliest visions of hypertext all center on the integration of colossal volumes of information readilyaccessible via a simple and consistent interface. The whole network publishing system constitutes a dynamiccorpus to be enriched by readers without defacing the original documents � thus the difference betweenauthors and readers is diminished. The advent of the computer has brought this vision closer to reality, butit has also made it clear how monumental the problems (organizational and procedural as well as technical)are. This section reviews workers whose intent was to place whole libraries on line.2.1.1 Bush’s MemexVannevar Bush, President Roosevelt’s Science Advisor, is credited with first describing hypertext in his 1945article �As We May Think� [Bush45], in which he calls for a major post-war effort to mechanize the scientificliterature system. In the article he introduces a machine for browsing and making notes in an extensive on-line text and graphics system. This �memex� contained a very large library as well as personal notes,photographs, and sketches, had several screens, and a facility for establishing a labelled link between anytwo points in the entire library. Although the article is remarkably foresightful, Bush did not anticipate thepower of the digital computer, and thus his memex uses microfilm and photocells to do its magic. But Bushdid anticipate the information explosion, and was motivated in developing his ideas by the need to supportmore natural forms of indexing and retrieval:The human mind � operates by association. Man cannot hope fully to duplicate this mental processartificially, but he certainly ought to be able to learn from it. One cannot hope to equal the speed andflexibility with which the mind follows an associative trail, but it should be possible to beat the minddecisively in regard to the permanence and clarity of the items resurrected from storage.[Bush45]2.1.2 Engelbart’s NLS/AugmentLess than two decades later Douglas Engelbart, at Stanford Research Institute, was influenced by Bush’sideas, and in 1963 wrote �A Conceptual Framework for the Augmentation of Man’s Intellect� [Enge63].Engelbart’s vision was that computers might usher in a new stage of human evolution, characterized by�automated external symbol manipulation�:In this stage, the symbols with which the human represents the concepts he is manipulating can bearranged before his eyes, moved, stored, recalled, operated upon according to extremely complex rules �all in very rapid response to a minimum amount of information supplied by the human, by means ofspecial cooperative technological devices. In the limit of what we might now imagine, this could be acomputer, with which individuals could communicate rapidly and easily, coupled to a three-dimensionalcolor display with which extremely sophisticated images could be constructed �His proposed system, H-LAM/T (Human using Language, Artifacts, and Methodology, in which he isTrained) included the human user as an essential element: the user and the computer were dynamicallychanging components in a symbiosis which had the effect of �amplifying� the native intelligence of the user.This is still a common vision among developers of hypertext systems.Five years later, in 1968, Engelbart’s ideas about augmentation had become more specific, and had beenimplemented as �NLS� (oN Line System) by the Augmented Human Intellect Research Center at SRI. NLSwas developed to be an experimental tool on which the research group developed a system that would beadequate to all of their work needs, byplacing in computer store all of our specifications, plans, designs, programs, documentation, reports,memos, bibliography and reference notes, etc., and doing all of our scratch work, planning, designing,debugging, etc., and a good deal of our intercommunication, via the consoles.[Enge68]These consoles were very sophisticated by the standards of the day, and included television images and avariety of input devices, including one of Engelbart’s best known inventions, the mouse.(6)

6Files in NLS were structured into a hierarchy of segments(7) called �statements�, each of which bore anidentifier of its level within the file. For example, a document might have statements �1�, �1a�, �1a1�, �1a2�,�1b�, etc., though these identifiers did not need to be displayed. Any number of reference links could beestablished between statements within and between files. Note that this is a structure which is primarilyhierarchical, but which allows non-hierarchical links as well � the importance of supporting both kinds ofstructures is a point to which we return later.Several styles of traversal of the statements in files wereprovided by the system.NLS provided for viewing filters for the file structure: one could clip the level (depth) of hierarchydisplayed, truncate the number of items displayed at any level, and write customized filters (in a �high-levelcontent analysis language�) that displayed only statements having the specified content. NLS alsointroduced the concept of multiperson distributed conferencing/editing.NLS has evolved over the years, is now called Augment (or NLS/Augment), and is marketed as acommercial network system by McDonnell-Douglas. In developing NLS the emphasis has been on creating aconsistent environment for �knowledge workers� � i.e. office automation for software engineers. Thesystem now includes many forms of computer-supported communication, both asynchronous (e.g. emailwith links to all documents, journaling of ideas and exchanges, bulletin boards) and synchronous (e.g.several terminals sharing the same display, teleconferencing). There are facilities for document productionand control, organizational and project information management (e.g. a shared calendar subsystem), andsoftware engineering.2.1.3 Nelson’s Xanadu ProjectDuring Engelbart’s development of Augment another hypertext visionary, Ted Nelson, was developing hisown ideas about augmentation, but with an emphasis on creating a unified literary environment on a globalscale. It was Nelson who coined the term �hypertext �, and his thinking and writing are the most extravagantof any of the early workers. He named his hypertext system Xanadu, after the �magic place of literarymemory� in Samuel Taylor Coleridge’s poem�Kubla Khan�. In Xanadu, storage space is saved by makingheavy use of links: only the original document and the changes made to it are saved. The system makes iteasy to reconstruct previous versions of documents.Under guiding ideas which are not technical but literary, we are implementing a system for storage andretrieval of linked and windowing text. The document , our fundamental unit, may have windows to anyother documents. The evolving corpus is continually expandable without fundamental change. New linksand windows may continually add new access pathways to old material. Fast proprietary algorithmsrender the extreme data fragmentation tolerable in the planned back-end service facility.[Nels80]2.1.4 Trigg’s TextnetRandall Trigg wrote the first and to date the only PhD. thesis on hypertext, wherein he describes his�Textnet� system as supporting �nonlinear text�, in which documents are organized as �primitive pieces oftext connected with typed links to form a network similar in many ways to a semantic net�.In the tradition of the field, Trigg’s system is just a first step in the direction of his vision:In our view, the logical and inevitable result [of the computer revolution] will be the transfer of all such[text handling] activities to the computer, transforming communication within the scientific community.All paper writing, critiquing, and refereeing will be performed online. Rather than having to track downlittle-known proceedings, journals or unpublished technical reports from distant universities, users willfind them stored in one large distributed computerized national paper network. New papers will bewritten using the network, often collaborated on by multiple authors, and submitted to online electronicjournals.[Trig83].Textnet implements two basic types of nodes: those which have textual content � �chunk s� � and thosewhich (hierarchically) organize other nodes � �toc s� (for table of contents). Thus Textnet supports bothhierarchical trees (via the toc nodes) and nonhierarchical graphs (via the typed links).Trigg further proposes a specific taxonomy of link types for use by collaborators and critics in Textnet (seeTable 1). The idea is that there are generally a specific set of types of comments, and that there is a link typefor each comment. For example, there are �refutation� and �support� links, and, more specifically, there are

7links to say that a point is irrelevant (�Pt-irrelevant�), that data cited is inadequate (�D-inadequate�), or thatthe style is rambling (�S-rambling�). In all Trigg described over 80 link types, and argued that thedisadvantage of a limited set of link types was outweighed by the possibility of specialized processing onthe hyperdocument afforded by a definite and fixed set of primitives.In addition, Textnet supports the definition of paths : ordered lists of nodes used to browse linearconcatenations of text, and to dump such scans to hard-copy. The path facility relieves the hypertext readerfrom having to make an n-way decision at each link; rather, the reader is provided a default pathwaythrough the network (or part of the network), and can simply read the material in the suggested order as if itwere a linear document.Trigg joined Xerox PARC after completing his thesis, and was one of the principal architects of the XeroxNoteCards system (see below).2.2 Problem Exploration SystemsThese are systems which are designed to be highly interactive and to provide rapid response to a smallcollection of specialized commands for the manipulation of information. They can be thought of as beingsteps toward electronic spreadsheets for text and symbolic processing. One important feature of most ofthese tools is a facility, a la Englebart’s NLS, for suppressing detail at various levels specified by the user(e.g. the outline processors all have single keystroke commands for turning on and off the display ofsubsections of a section). This is an unusual but natural facility. One of the very things that hypertext andsimilar tools are best at is the collection of large amounts of relatively unstructured information. But suchNormal link typesCitationGeneralization/SpecificationSummarization/DetailC-sourceAbstraction/ExampleAlternate-viewC-pioneerFormalization/ApplicationRewriteC-creditC-leadsArgumentSimplification/ComplicationC-eponA-deductionExplanationA-inductionBackgroundA-analogyCorrectionFutureA-intuitionUpdateRefutationSolutionContinuationSupportMethodologyDataCommentary link typesCommentPointsDataCriticalPt-commentD-commentSupportivePt-trivialD-inadequatePt-unimportantD-dubiousEnvironmentPt-irrelevantD-ignoredE-commentPt-redherringD-irrelevantE-misrepresentPt-contradictD-inapplicableE-vacuumPt-dubiousD-misinterpretedE-ignoredPt-counterE-IsupercedePt-inelegantStyleE-IrefutePt-simplisticS-commentE-IsupportPt-arbitraryS-boringE-IrepeatPt-unmotivatedS-unimaginativeS-incoherentProblem PosingArgumentsS-arrogantP-commentA-commentS-ramblingP-trivialA-invalidS-awkwardP-unimportantA-insufficientP-impossibleA-immaterialP-ill-posedA-misleadP-solvedA-alternateP-ambitionA-strawmanTable 1: Trigg’s link types

8collections are of little use unless there are adequate mechanisms for filtering, organizing, and browsing.These are the primary desiderata of these authoring/thinking/programming systems.2.2.1 Goldstein and Bobrow’s PIEIn 1980 Ira Goldstein and Danny Bobrow wrote a collection of papers proposing a �Personal InformationEnvironment� ( PIE ), primarily for use in software development [Gold80, Gold87]. Their concern was tohelp the software designer with the various views, or �perspectives�, that he could have on the evolvingsystem: the performance view, the reliability view, the management view, etc. The software system isrepresented as a hypertext network of code, specifications, documentation, etc. Nodes in the network havemultiple perspectives: �Each perspective describes a different aspect of the program structure representedby the node, and provides specialized actions from that point of view.�Nodes are organized into layers of the system representation, but nodes also have �contexts�: contexts andlayers are used to represent alternative designs. PIE also has the notion of contracts: demons which monitorthe changes in nodes and their connections to assure that constraints are kept. Constraints can be createddirectly by the designer.2.2.2 Issue Based Information SystemsHorst Rittel and his students have introduced the notion of Issue Based Information Systems (IBIS) [Ritt73] tohandle systems analysis in the face of �wicked problems�. Rittel describes wicked problems (as opposed to�tame� ones) as being those for which the traditional systems analysis approach (i.e. (1) define the problem,(2) collect data, (3) analyze the data, (4) construct a solution) is inadequate. Wicked problems lack adefinitive formulation, and the problem space cannot be mapped out without understanding the solutionelements -- in short, the only way to really understand the problem is to solve it. Wicked problems have nostopping rule -- the design or planning activity stops for considerations that are external to the problem, e.g.time, money, or patience. Solutions to wicked problems are not Right or Wrong, they just have degrees ofsufficiency. Rittel argues that solving wicked problems calls for a process that allows the many viewpoints,ideas, values, concerns, etc. of all those involved to be exchanged and argued, so that what emerges is acommon understanding of the major issues and their implications (i.e. to understand another’s viewpoint isto understand the whole problem better). For this process he proposes IBIS’s to support thisdesign/planning conversation.IBIS systems can thus be thought of as a marriage of news and teleconferencing systems, in which manypeople can participate in one conversation, and hypertext, which allows participants to move easily betweendifferent issues and different threads of argument of the same issue. The current version of Rittel’s IBIS runson an Apple PC, and is being ported to Sun workstations. It has three basic types of nodes (Issues, Positions,and Arguments) and nine types of relations (e.g. Questions, Supports, Contradicts, etc.) that are used to linknodes. The basic idea is that someone posts an Issue, then that person or others post Positions about thatIssue, and then the positions are argued using Argument nodes. Of course, any of these three types of nodescan be the seed of a new Issue (See Figure 3). The current set of relationships between nodes is: Responds-to,Questions, Supports, Objects-to, Specifies, Generalizes, Refers-to, and Replaces (which connects a newversion of an issue to the previous version).In STP (MCC’s Software Technology Program) we have developed a graphical tool to support concurrentteamwork that uses IBIS as a design method. The tool, called gIBIS (for graphical IBIS), runs on colorworkstations and uses an unusual segmenation of the screen to separate the browser from the node contents(see Figure4)(9).

9The gIBIS browseruses iconic shapesand color to clearlyindicate type andstate information fornodes and links. Itdisplays the issuenetworks from twotightly coupledvantage points: aglobal (or zoomed-out) view fromwhich users canview the entire scopeof the network, anda local (or zoomed-in) view whichreveals the finestructure of thenetwork.The gIBIS interfaceprovides context-sensitive menuswhich constrain theusers to making only�legal�methodologicalmoves, therebyensuring thetaxonomic integrityof the networks.Users caninstantaneouslyaccess any node inthe network bydirectly mousing itin the browser, byselecting it throughthe hierarchically-ordered indexwindow, or by use ofthe NEXT button,which leads usersthrough the networkin a structure-based,linearized fashion.An integral searchand querymechanism allowsusers to rapidlysearch through issuenetworks byconstructing a proto-node whosestructure andcontent mirrors thatof the nodes theywish to retrieve (i.e.a �query byexample� approach).The tool supportssimultaneous accessand update of issue groups by multiple users on a common Local Area Network. gIBIS provides thenecessary concurrency control, locking, and update notification to allow real-time interactive networkconstruction by teams of cooperating designers.Experience to date suggests that the interface is very easy to learn and synergizes well with the IBIS method.It is not clear, however, how useful color will be as a distinguishing feature in the browser as the number ofnode types in the system, such as requirements, goals, and artifacts, proliferates.2.2.3 Lowe’s SYNVIEWDavid Lowe’s SYNVIEW system is similar in concept to Rittel’s IBIS but goes in a different direction topropose that the participants, in addition to posting their own issues and arguments, assess previouspostings as to their validity and relevance to their predecessor postings. The assessment is done by a kind ofquantitative voting, e.g. if you think that Joe’s response to Sam makes a good point but is not really a directresponse to Sam’s posting, you might grade it, say, �5,1� (where 5 is a high validity rating and 1 is a lowrelevance rating). These values will be averaged into the existing values for that posting. The variousdisplays of the argument structure show the values for each posting, allowing readers to focus, if theychoose to, on those argument trails having the highest voted validity.Through debates on the accuracy of information and on aspects of the structures themselves, a largenumber of users can cooperatively rank all available items of information in terms of significance andrelevance to each topic. Individual users can then choose the depth to which they wish to examine thesestructures for the purposes at hand. The function of this debate is not to arrive at specific conclusions, butrather to collect and order the best available evidence on each topic.[Lowe85]

102.2.4 UNC’s WEA group at theUniversity of NorthCarolina at ChapelHill has beendeveloping a writingenvironment calledWE [Smit86c]. Theirresearch starts witha cognitive model ofthe communicationprocess in whichreading is viewed astaking the linearstream of text,comprehending itby structuring theconceptshierarchically , andabsorbing it intolong term memoryas a network .Writing is seen asthe reverse process:a loosely structurednetwork of internalideas and externalsources is first organized into an appropriate hierarchy (an outline) which is then �encoded� into a linearstream of words, sentences, etc.WE is designed to support the upstream part of writing � it contains two major view windows, onegraphical and one hierarchical, and many specialized commands for moving and structuring material (i.e.,nodes and links with attached text) between these two views. Normally a writer will begin by creating nodesin the graph view, where they can be placed anywhere within the window. At this stage, nodes can beplaced in �piles� if they seem to be related, or placed between two piles if they are somewhat related to both� there is little or no structure imposed on the conceptual material. As some conceptual structure begins toemerge from this process nodes can be copied into the hierarchy window, in which the commands arespecialized for tree operations.There are four different display modes in the hierarchy window: (1) the tree can be laid out on its side, withthe root node on the left; (2) the tree can be hung vertically with the root at the top; (3) child nodes can bedisplayed inside their parent node � called the �Chinese Box� display; and (4) the hierarchy can be shown inthe traditional outline view.A third window is an editor for the material within the �current node�, which is selected by pointing withthe mouse. WE uses a relational database for the storage of the nodes and links in the network, and a fourthwindow on the screen is for queries to this database. A fifth �control panel� window is used to controlsystem modes and the current working set of nodes.WE is designed to be an experimental platform to study what tools and facilities will be useful in a writer’senvironment, so the real validation of these ideas, as with so many of the systems described here, will comewith further experiments and analysis.2.2.5 Outline ProcessorsAn outline processor is a word processing program which is specialized for processing outlines, in that itsmain commands deal with movement among, creation of, and modification of outline entries . In this respectthese programs commercialize many ideas from Engelbart’s NLS/Augment. Outline processors also have atleast simple text editors and do some text formatting as well, so that it is possible to go from outline tofinished document within the one tool. One of the most powerful features of outline processing is thesuppression of lower levels of detail in the outline. As with Engelbart’s NLS/Augment, one can view just thetop level of the outline, or the top n levels, or can walk the tree opening up just those entries that are relevantor useful to the idea being worked on (see Table 2).In addition, each outline entry may have a textual �body� of any length associated with it, and this body canbe made to appear or disappear with a single keystroke. It turns out that this is a real boon to the writingprocess, because it allows the writer to have a view of both the immediate text being composed and theglobal context for it. It also facilitates rapid movement between sections, particularly in large documents,because in outline mode a �distant� section is never more than a few keystrokes away.Most outline processors are personal computer programs,(10) and they have done much to bring some of theconcepts underlying hypertext into popularity. The first of these was called ThinkTank [Hers84], and wasreleased in 1984. It has since been joined by a host of others, with names like MaxThink , ExecutiveWriter/Executive Filer , Thor , Framework , Kamas , Fact Cruncher , Freestyle , Idea! , and PC-Outline (see

11[Hers85, Fost85, Spez86, Lewi86, and Wood86). There are two very recent additions to the field: Houdini is anextension of MaxThink that supports rich non-hierarchical internode references; and ForComment is a wordprocessor that allows up to 15 people to apply hypertext-like annotations to a document in preparation (andcan operate over a Local Area Network in real time).Aside from Houdini most outline processors do not support inter-entry references, except by �cloning� thewhole entry and displaying it in the new location. Only a few others provide windows for nodes, and noneof them provide explicit �mouseable� link icons, so it is problematic whether they qualify as hypertext as Ihave defined it here. But it was ThinkTank that first coined itself � somewhat pretentiously � to be an ideaprocessor , and all of these programs do have the property, shared with hypertext, that they respect segmentsof text as first class objects, and support manipulations that coincide with the way one manages ideas, e.g.hierarchicalization, restructuring (i.e. of the hierarchy), and rapid foreground/background (text/outline)shifting. Thus, they foreshadow the inevitable proliferation of hypertext features into the mainstream ofcomputer applications.2.3 Structured Browsing SystemsThe systems reviewed in this section were designed primarily for applications in which either there is a largeamount of existing information or it is very important that the information be very easy to access, even bybeginners. These systems pose different problems for their designers: ease of learning and ease of use areparamount, and great care goes into crafting the interface. On the other hand, in these systems writing(adding new information) is usually either not allowed to the casual user or is not particularly wellsupported.2.3.1 CMU’s ZOG and Knowledge Systems’ KMSZOG is a menu-based display system developed in 1972 at Carnegie-Mellon University [Aksc84b]. It consistsof a potentially large database of small (screen-sized) segments which are viewed one at a time. ZOG wasdeveloped with the particular goal of serving a large simultaneous user community, and thus was designedto operate on standard terminals on a large time sharing system. In 1981 two of the principals on the ZOGProject, Donald McCracken and Robert Akscyn, started the company Knowledge Systems and developed acommercial successor to ZOG called KMS (for Knowledge Management System)(11).Each segment of the ZOG/KMS database, called a frame , has by convention a one-line title at the top of thescreen which includes a unique name for the frame, a few lines of text below the title stating the issue ortopic of the frame, a set of numbered (or lettered) menu items of text called selections , and a line of standardZOG commands called global pads at the bottom of the screen. (Some of these commands, for example, are:edit, help, back, next, mark, return, and comment.) The selections interconnect the frames. When an item isselected (by typing its number or letter at the terminal keyboard), the frame so indicated is displayed on thescreen, replacing the previous frame. The structure is generally hierarchical, though cross-referencing linkscan be included. In addition, an item in a frame can be used to activate a process.In 1982 ZOG was installed and used as a computer-based information management system on the nuclear-powered aircraft carrier USS CARL VINSON, and is probably the largest and most thoroughly testedhypertext system in service in the field. It has also been used for more interactive process applications suchas policy analysis, authoring, as a communication system, and for code management. Historically, however,ZOG made its name more as a bulletin board/textual database/CAI tool than as an interactive system, andhence is included in this section on Browsing.It would seem that a drawback of the ZOG/KMS style of viewing a single frame at a time is that users maybecome more easily disoriented, since there is no spatial event corresponding to moving from frame toframe. In the KMS system this tendency has been offset by minimizing system response time, so that frameto frame transition takes about half a second. Any tendency to promote user disorientation is greatlyreduced by the fact that the user can move very quickly among frames and thus become reoriented withvery little effort. Whether or not response speed obviates the need for a graphical or higher level view of thehyperdocument probably depends on the linkage structure of the document, i.e. the degree of hierarchy, andthe goals of the users.2.3.2 Emacs INFO SubsystemThe help system in Emacs, called INFO [Stal81], is much like ZOG. It has a simpler set of standardcommands, and its control input is done by single letters or short commands typed at the keyboard. It is

12primarily hierarchical, but a user can jump to a different place in the hierarchy by typing in the name of thedestination node. It is used as an on-line help system in EMACS. INFO has the same tendency to allow userdisorientation which is shared by all of the systems which only display a single frame at a time.2.3.3 Shneiderman’s HypertiesAt the University of Maryland Ben Shneiderman has headed up a project called Hyperties , a Hypertextsystem based on the Interactive Encyclopedia System. Hyperties is being developed in two directions: as apractical and easy to learn tool for browsing in instructional databases (e.g. in a museum exhibit aboutAustria and the Holocaust), and as experimental platform for studies on the design of hypertext interfaces.As a hypertext system which has already seen some use �in the field� (e.g. at a Washington, D.C. museumexhibit), the emphasis is on making the system easy and fun for users who have never used a computerbefore. As an experimental platform, it has been used in five experimental studies involving over 220subjects [Shne86].In Hyperties the basic units are short articles (50-1000 words typically), which are interconnected by anynumber of links. Links are highlighted words or phrases in the article text and are activated by touchingthem with a finger (on a touch-sensitive screen) or using the arrow keys to jump to them.(12) Activating alink causes the article about that topic to be brought up in its own window on the screen. The system keepstrack of the user’s path through the network of articles, allowing easy return from exploratory side paths.In addition to a title and a body of text, each article has a short (5 to 25 word) description of the article whichcan be displayed very quickly. This allows the user an intermediate position between bringing up the fullarticle and trying to guess from the link name precisely what the article is about.Hyperties runs on the IBM PC(13). Recently graphics capabilities have been added to the system. Currentimplementation efforts focus on support for videodisc images, and a browser is being developed which willprovide string search, bookmarks, multiple windows, user annotation, etc.2.3.4 Symbolics Document ExaminerThe most advanced of the on-line help systems, this tool displays the pages from the entire (twelve volume)manual set on the Symbolics Lisp machine screen [Walk85]. Certain textual fields in the document (printedin bold) are mouse sensitive, and when moused cause the relevant section of the manual to be added to thecurrent working set of manual pages. The system allows the reader to place �bookmarks� on any topic andto move swiftly between bookmarked topics. The protocol for link following is tailored to browsing in areference manual or encyclopedia � mousing a link only causes it to be placed on a list of current topics.Then, mousing an entry in this list causes that link to followed, bringing up the referenced topic in the mainviewing window.The system also supports on-line string search of pre-identified keywords, and includes search for whole-words, leading substrings, and embedded substrings. The system is thus well-designed for the specific taskof browsing through a technical manual and pursuing several aspects of a technical question and/or severallevels of detail simultaneously. The user cannot make any changes or additions to the manual set (althoughit is possible to save personalized collections of bookmarks).2.4 General Hypertext TechnologyThe previous sections have reviewed hypertext systems according to their application class. The followingsystems all have been applied to at least one application, but their primary purpose is experimentation withhypertext itself as a technology. For example, while NoteCards has been used for authoring, programming,personal information management, project management, legal research, engineering design, and CAI, itsdevelopers view it primarily as a research vehicle for the study of hypertext.2.4.1 Xerox PARC’s NoteCardsPerhaps the best known version of full hypertext is the NoteCards system developed at Xerox PARC byFrank Halasz(14), Tom Moran, and Randy Trigg [Hala87a]. The original motivation in building NoteCardswas to explore the development of an information analyst’s support tool, one that would help gatherinformation about a topic and produce analytic reports at regular intervals and on demand. It was observedthat the general procedure that such analysts used was (a) reading sources (news reports, scholarly articles,etc.), (b) collecting clippings and filing them (in actual shoe boxes!), and (c) writing analytic reports. It was

13also observed that throughout the process, analysts are forming analyses and conceptual models in their heads.The research goal of the PARC team was to develop technology to aid the analyst in forming betterconceptual models and analyses, and to find better expressions of these models and analyses. A �programmer’s interface� makes NoteCards an open architecture that allows users to build (in Lisp) newapplications on top of NoteCards, including making it easy to customize the browser. NoteCards allowseasy creation of new types of nodes. Forty or fifty such specialized node types have been created to date,including text, video, animation, graphics, and actions(15). The new version also allows several users towork in the same Notefile at the same time [Trig86b].Part of NoteCards’ success is due to the fact that it was developed and used on Xerox D series Lispmachines, which are powerful enough workstations that they allow rapid creation and browsing of manyhypertext nodes, as well as having a high resolution screen that allows windows and link and node icons tobe displayed in excellent resolution (see Figure 5). Another part of its success could be credited to theimaginative contributions of such people as John Seely Brown [Brow82]. There are currently between 50 and100 users of NoteCards, many of them outside of Xerox, even though it is not a supported product, andseveral of these users have constructed very large databases in the system (e.g. 1600 nodes with 3500 linksbetween them). (Unfortunately, the Xerox D machines are quite expensive, and they are the only deliveryvehicle for NoteCards at this time.)(16)2.4.2 Brown University’s IntermediaOne of the largest hypertext development efforts to date is the Intermedia project of the Institute forResearch in Information and Scholarship (IRIS) at Brown University [Yank85, Garr86a]. The Intermediaproject builds on two decades of work and three prior generations of hypertext systems [Yank85 ]. The firstwas the Hypertext Editing System designed by Ted Nelson, Andy van Dam, and several Brown students forthe IBM 2250 display in 1968, and was used by the Houston Manned Spacecraft Center to produce Apollodocumentation. FRESS, the File Retrieval and Editing System, was a greatly enhanced multiterminaltimesharing version designed by Andy van Dam and his students that became available in 1969 and wascommercially reimplemented by Phillips in the early 1970’s. FRESS was used in production by hundreds offaculty and students over more than a decade including an English poetry class that did all of its reading

14and writing on a communal hypertext document. Like NLS, FRESS featured both dynamic heirarchy and bi-directional reference links, keyworded links and nodes, and, unlike NLS, no limits to sizes of nodes. Ongraphics terminals multiple windows and vector graphics were supported. The third project, the ElectronicDocument system, was a hypermedia system emphasizing color raster graphics and navigation aids.As part of Brown’s overall effort to bring graphics-based workstations into effective use within theclassroom, the Intermedia system is being developed as a framework for a collection of tools that allowauthors to create links to documents of various media such as text, timelines, diagrams and other computer-generated images, video documentaries, and music. Two courses, one on cell biology and one on Englishliterature, have been taught using the system. Current applications include: InterText, a text processor;InterDraw, a graphics editor; InterVal, a timeline editor that allows users to interactively organizeinformation in time and date sequences; InterSpec, a viewer for sections of 3-D objects; and InterPix, ascanned-image viewer (see Figure 6).Under development are a video editor, a 2-D animation editor, more complex methods for filtering thecorpus and for creating and traversing trails.Intermedia is being developed both as a tool for professors to organize and present their lesson material viacomputer and as an interactive medium for students to study the materials and to add their own annotationsand reports.For example, in the English literature course the first time a student is searching for backgroundinformation on Alexander Pope, he or she may be interested in Pope’s life and the political events thatprompted his satiric criticism. To pursue this line of thought the student might retrieve the biography ofPope and a time line summarizing political events taking place in England during Pope’s life.Subsequently, the student may want to compare Pope’s use of satire with other later authors’ satirictechniques. This time the student may look at the same information about Pope but juxtapose it withinformation about other satiricists instead of a time line. The instructor (and other students, if permitted)could read the student’s paper, examine the reference material, and add personal annotation links such ascomments, criticism, and suggestions for revision. While revising the document, the student could see allof the instructor’s comments and examine the sources containing the counter-arguments.[van Dam, personal communication]

15Like most of the serious workers on hypertext, the Intermedia team is especially concerned with providingthe user with ways of managing the increased complexity of the hypertext environment. For example, theypropose that multiple links emanating from the same point in a document may confuse the reader, and thatit may sometimes be better to have a single link icon in the material (text or graphics) which can be quicklyqueried via the mouse to show the specific outgoing links, their names, and their destination nodes[Garr86a]. They also propose a construct called webs to implement context dependent link display: everylink belongs to one or more webs, and is only visible when one of those webs is active. To view documentswith the links that belong to a particular web, a user opens a web and then opens one or more of itsdocuments. Although other webs may also reference the document, only the links which were made in thecurrent web are displayed. As a result the user does not have to sift through the connections made in manydifferent contexts.Another matter of study in the Intermedia project is into ways of providing an effective browser for anetwork that may include hundreds or even thousands of nodes. The Intermedia browser has two kinds ofdisplays: a global map, which shows the entire hyperdocument and allows navigation within it, and a localmap, which presents a view centered on a single document and displaying its links and nearest neighbors inthe web. In addition, there are several levels of detail at which nodes and links can be displayed, fromshowing only whole documents and the links between them to showing each link and its approximatelocation within its documents.The Intermedia project has many people working on it and a serious institutional commitment to its longterm development. While it is still in the early stages, we can expect the combination of creative hypertextexperiments and the classroom as a proving ground to contribute directly to the development of effectivecooperative work environments based on hypertext (17).2.4.3 Tektronix NeptuneThere is one hypertext system that has been particularly designed as an open, layered architecture, theTektronix Neptune system [Deli86b]. The heart of Neptune is, at the bottom level, a transaction-based servercalled the Hypertext Abstract Machine (HAM). Neptune consists of the HAM, written in C and running on a

16UNIX server, and a graphical interface layer, written in Smalltalk-80. The HAM is a generic hypertext modelwhich provides operations for creating, modifying, and accessing nodes and links. It maintains a completeversion history of each node in the hypergraph, and provides rapid access to any version of a hypergraph. Itprovides distributed access over a computer network, synchronization for multi-user access, andtransaction-based crash recovery.The interface layer provides several browsers: a graph browser provides a pictorial view of a sub-graph ofnodes and links; a document browser supports the browsing of hierarchical structures of nodes and links; anda node browser accesses an individual node in a hyperdocument. (Other browsers include attribute browsers,version browsers, node differences browsers, and demon browsers.)Each end of a link has an offset within its node, whether that node is textual or graphical.(18) The linkattachment may refer to a particular version of a node, or it may always refer to the current version. TheHAM also provides two mechanisms that are useful for building application layers: it provides that nodesand links may have an unlimited number of attribute/value pairs, and special high-speed predicates areincluded for querying the values of these pairs in the entire hyperdocument, allowing higher levelapplications to define their own accessing mechanisms on the graph. Also, a demon mechanism is providedthat invokes arbitrary code when a specific HAM event occurs.Neptune, Notecards, and Intermedia appear to be the best examples of large systems designed to deliverhypertext database and interface capabilities in an open, generalized way. Apple’s Hypercard also appearsto be quite general, although it still has some significant limitations compared its conceptual ancestors.2.4.4 diSessa’s BoxerAndrea diSessa has developed a highly interactive programming language called Boxer [diSe85, diSe86]which is specifically tailored to be easy for non-computer specialists to learn. Boxer uses the notion of a boxas the fundamental unit of information in the system, containing other boxes or data such as text or graphics.For example, a program is a box containing boxes for its input and output variables, and other boxes whichspecify behavior. The system supports alternate views of some boxes: a box which specifies a graphicsroutine may also be viewed as a box which displays that routine.Since Boxer is a programming language, the use of non-hierarchical links is not so important as in the otherkinds of applications described here. However, Boxer does provide a kind of cross-reference facility called aport which is simply a view of a box at some other place in the system. This is in some ways more powerfulthan a simple link since the referenced box appears at the point it is referenced; presumably, a box can bechanged through any of its ports, and all ports reflect such changes.Hierarchy is more naturally expressed in Boxer. Boxes are nested within each other two-dimensionally, withfiltering used to manage the level of clutter on the screen. This has the advantage of showing a hierarchy ofnodes with a natural graphics: the windows of lower-level nodes are nested directly within their parents. Inmost hypertext systems that support hierarchical structures, no attempt is made to display the parent-childrelationship once the nodes are opened as windows.2.4.5 Pitman’s CREFCREF, the Cross Referenced Editing Facility, was developed by Kent Pitman in 1984. CREF was a prototypeof a specialized text and graphics editor which was developed originally as a tool for use in analyzing thetranscripts from psychological experiments (known as �protocols�), but along the way Pitman investigatedsome interesting and subtle aspects of hypertext implementation [Pitm85].Much of the interactive feel of CREF reflects the style of use and programming of the Lisp Machine, onwhich it was built. Chunks of text, called segments , constituted the nodes in the system. Segments werearranged in linear series, and could have keywords and various kinds of links to other segments. The notionof a linear set of segments is natural to the protocol analysis problem, since the first step with such protocolsis to segment them into the �episodes� of the experimental session.CREF organizes segments into collections , which can either be defined implicitly by a predicate (called�abstract collections�) or by an explicit list (called �static collections�). At any time the �selected collection�appears as a continuous length of text with the segment boundaries marked by named horizontal lines (e.g.�Segment 1�, �Segment 2�); this view can be edited as if it were a single document.One way of forming an abstract collection is by selecting segments using a boolean predicate over keywords.To extend the power of this keyword facility, CREF allows the user to specify a type hierarchy on the

17keywords. For example, if �card 105� is defined as a type of (i.e. a child of) �card�, then collections based onthe keyword �card� will also contain segments which have only �card 105� as a keyword.CREF supports four kinds of links: REFERENCES links are for general cross referencing among segments;SUMMARIZES links impose hierarchy � a �summary� is a segment which has one or more summarizeslinks to other segments; SUPERSEDES links implement versioning by copying the superceded segment andfreezing it; and PRECEDES links place a linear ordering on segments. (This last link type seems to have beenincompletely thought out at the time of the technical report.)Finally, CREF allows multiple analysts to compose different �theories� about a protocol, using the samesegmented data. Each �theory� imposes its own structure on the data, and has its own collections, diagrams,keywords, etc. This is similar to the notion of �contexts� or �webs� used in other systems (e.g. [Deli86b]).2.4.6 Hypertext on the Apple MacIntoshThree programs have been written for the Apple MacIntosh that provide hypertext facilities: FileVision,Guide, and Hypercard. FileVision is primarily oriented to graphics nodes. The advertising describesapplications in which indexing is best done visually, for example, a database for a travel agency in which amap of a region contains icons for the main cities in that region. Clicking on the icon for a city in the displaybrings up a window containing a map of that city, with icons for the major landmarks in the city. Clickingon any of these icons brings up data about the landmark, or perhaps even a picture.Guide is a more recent development [OWLI87]. It does not provide the graphics capabilities of FileVision(graphics are supported but cannot contain links), but Guide does support textual hypertext data very well.There are three kinds of links in Guide: replacement links, which cause the text in the current window to becompletely replaced by the text pointed to by the link; note links, which display the destination text in a pop-up window (which remains only as long as the mouse button is depressed); and reference links, which followtraditional hypertext in bringing up a new window with the destination text.The newest and most exciting of the MacIntosh systems is Apple’s own HyperCard (tm) [Good87]. Developedby Bill Atkinson (the father of MacPaint), HyperCard is being sold for a very low price (about $49) and isbeing bundled for free with all new Apple Macintosh Plus’ (tm), SE’s (tm), and II’s (tm).Bill Atkinson admits freely that he wanted to build, not hypertext, but a �software erector set� that allowednon-programmers to easily construct sophisticated interfaces. HyperCard is lacking several features thatwould qualify it as hypertext in the fullest sense, including textual links (i.e. links which can be embedded intext and become a part of the text), links which can be traversed in both directions, and a graphical browser.HyperCard allows only one �card� to be presented at a time, the material in cards is not scrollable, and thelinks (called � buttons �) occupy fixed locations in their cards.On the other hand, links in Hypercard are very powerful. A �button� on the screen is connected to a script,written in the HyperTalk programming language, that is activated by a mouse click in the button region.HyperTalk is a Smalltalk-like object-oriented language; objects such as cards and buttons are defined in atype hierarchy, and procedure invocation is by message passing. In the terminology of this report,HyperCard does not so much have links as it has procedural attachment, and one of the actions of aprocedure can be as simple as following a link reference and bringing the destination card onto the display.The HyperCard node is a �card�. Cards live in �stacks�, and in fact there is a standard hierarchy of objects,ranging from HyperCard at the top down through home, stack, card, field, and button. However, Hypercarddoes not have a general mechanism for hierarchically structuring cards � cards are grouped into stacks, butstacks cannot be grouped into stacks, so the �hierarchy� can only be one level deep. The system presentscards one at a time, and cards contain fields and buttons which define actions.Cards are somewhat more graphically than textually oriented � the buttons in a card are layed out in fixedlocations on the plane of the card, and text, while supported, is treated as a kind of graphical object. Thuscards have a certain layout, and there is no text formatting in the sense of links which are embedded in andafixed to a point in the text (�sticky links�). As mentioned above, there is also no graphical browser inHyperCard for showing the local or global arrangement of cards within the network.These shortcomings may not be so severe, however. Many �hacks� and �workarounds� can be programmedin HyperTalk, and there seems to be at Apple a considerable commitment to maintaining and improving thisproduct. Given the very positive early reviews of this product and the strong user enthusiasm, we canexpect HyperCard to become something of a standard semi-hypertext system.

182.4.7 MCC’s PlaneTextPlaneText, developed by Eric Gullichsen in STP, is a very recent addition to the family of general hypertextsystems [Gull86a]. Created initially as a quick prototype of hypertext, the first version soon foundapplication by several STP groups working with large amounts of relatively unstructured information. Theadoption of the prototype as a tool led concurrently to the realization of the value of hypertext for suchapplications and the weaknesses of that early version. This had lead to a �hyperactivity� project with STP todesign a next generation hypermedia system tailored to software engineering. One application of the systemis that the PlaneText user manual is accessible in the computer as a PlaneText network (see parts of Figure7).PlaneText is based on the Unix file system and the SUN SunView window manager. Each node is a Unix file,and links appear as names in curly brackets ({}) whose display can be turned on and off. Links areimplemented as pointers saved in separate files, so that the linked files themselves are not changed bycreating hypertext references between them. This design allows for the smooth integration of hypertext intothe rest of the Unix-based computational environment, including such tools as Mail and News, and allowinghypertext annotation of standard source code files. In addition, the Unix file directory system serves as a�free� mechanism for creating hierarchical structures among nodes(20).One limitation of PlaneText is the use of the SunView text editor, which is a minimal screen editor andwhich, because it is part of a standard commercial software package, is not amenable to experimentation andextensions(21) (see Section 6.3).PlaneText has already been a useful tool in analyzing complex design information. It is perhaps too early tosay, however, how PlaneText will rank in the world of hypertext, since it will only be directly available toparticipant companies in MCC/STP. The rest of the world must wait until one or more of these companiesdevelops PlaneText into a product.

192.5 SummarySome of the features of the systems reviewed in this section are summarized in Figure 8. In the figure, eachcolumn represents a feature of some hypertext systems. The meanings of the column names are:¥Hierarchy: is there specific support for (possibly multiple) hierarchical structures?¥Graph-based: is there direct support for non-hierarchical (cross reference) links?¥Link types: can links have types (i.e. is link type information used directly by the system)?¥Attributes: can user supplied attribute/value pairs (that are used by the system) be associated withnodes or links?¥Paths: (also, �trails�) can many links be strung together into a single permanent object?¥Versions: can nodes or links or both have more than one version?¥Procedural attachment: can arbitrary executable procedures be attached to events (such as mousing) atnodes and/or links?¥String Search: can the hyperdocument be searched for strings (including keywords)?¥Editor: what editor is used to create and modify the contents of nodes?¥Concurrent Multiusers: can several users edit the hyperdocument at the same time?¥Pictures or Graphics: is some form of pictorial or graphical information supported in addition to text?¥Product: is the system commercially available as a supported product?The systems in this section were presented in terms of four broad categories: macro literary systems,problem exploration systems, structured browsing systems, and general hypertext technology. It should bementioned that a major area of research within MCC/STP is into systems which would aid the entireprocess of design, particularly the upstream aspects, and that such systems will need to combine at least thefeatures of problem exploration and structured browsing systems. Indeed, in time this may become animportant fifth category in which to consider hypertext systems of the future.It should also be noted that the history of hypertext presented here suggests that the concept and advantagesof hypertext were clear several decades ago, but that widespread interest in hypertext was delayed until thesupporting technology was cheap and readily available. This may be misleading. There is the feeling amongthe �elders� of the field that something else has changed as well � that there is today an easy acceptance ofthe role of the computer as a tool for processing ideas, words, and symbols � in addition to numbers andmere �data� � and as a vehicle of inter-human communication, and that this acceptance is a recent

20development. Those who gave presentations of their hypertext systems 20 years ago, using expensive stateof the art hardware, report that there was a strong lack of interest in the computer science community, andthat it seemed to stem as much from a lack of understanding of the basic concepts as from a lack ofhardware resources.If this is so, then the recent upsurge in interest in hypertext may signal that as a profession we are now readyto consider computer technology as being as much a tool for communication and �augmenting the humanintellect� as for analysis and information processing. Hypertext is certainly a large step in that direction.3 The Essence of HypertextIt is tempting to describe the essence of hypertext as a documentation form consisting of high-speed textwindows and machine processable links between the textual �chunks�. But this is a little like describing theessence of a great meal by listing the ingredients. Perhaps a better description of hypertext is that it is a newtechnologically-enabled medium for thinking and communication.The thinking process does not build new ideas one at a time, starting with nothing and turning each idea outas a finished pearl. Thinking seems rather to proceed on several fronts at once, developing ideas at differentlevels and on different points in parallel, each idea depending on and contributing to the others.The recording and communication of such entwined lines of thought is challenging, because communicationis in practice a serial process, and is in any case limited by the bandwidth of human linguistic processing.Oral communication of parallel themes must resort to heavy marking of items (e.g. stresses, pauses,intonation) which must be remembered by the listener while other lines of argument are developed.Graphical forms can use lists, figures, and tables to present ideas in a less than strictly linear form, and thereader/viewer is allowed to shift his gaze to be reminded of the content of items which must be understoodtogether. One of the most challenging aspects of good writing, especially good technical writing, is thepresentation of several parallel lines of a story or an argument in a way that they weave together coherently.But traditional flat text binds us to writing and reading paragraphs in mostly-linear succession. There aretricks for signalling branching in the flow of thought when it is necessary: parenthetical comments,footnotes, inter-sec\\-tional references (e.g. �see Chapter 4�), and bibliographic references all allow theauthor to say �here is a related thought, in case you are interested�. There are also many rhetorical devicesfor indicating that a set of ideas belong together but are being presented in linear sequence. But these arerough tools at best, and often do not provide the degree of precision or the speed and convenience of accessthat we would like.Hypertext, however, allows and even encourages the writer to make such references (see Section 4, on theAdvantages of Hypertext), and allows the readers to make their own decisions about which links to followand in what order (see Section 5, on the Disadvantages of Hypertext). It eases the restriction on the thinkerand writer that any given idea is either �in�, and must be made a part of the flow of a paper’s stream ofthought, or is �out� and will have to be saved somewhere else, if at all. And it allows annotations on a text tobe saved separately from the reference document, and yet still be tightly bound to the referent. Thus we seethat the linked-ness of hypertext provides much of its power. High-speed windows are necessary forfollowing links transparently, but it is the machine processable links which extend the text beyond the singledimension of linear flow (see Section 4 for a more specific description of the benefits of hypertext).At the same time, there are applications in which it is the �node-ness� of hypertext which is so powerful.Particularly when using hypertext as a thinking, writing, or design tool, there can be a naturalcorrespondence between the objects in the world and the nodes in the hypertext data base. By takingadvantage of this object oriented aspect, a hypertext user can build flexible networks which model hisproblem (or solution). In this application the links are important -- since they form the �glue� that holds thenodes together -- but one senses that much of the action is happening in the nodes themselves. Thus in someapplications it is the machine processable links which distinguish hypertext; in others, it is the modularity ofchunking text into nodes that is more important.Thus we are confronted with a kind of paradox: in some applications, it is the machine processable linkswhich distinguish hypertext; in others, it is the modularity of chunking text into nodes that is moreimportant. But more fundamentally, hypertext seems to be useful both as a database tool and as arepresentation scheme. As a database tool the feature of explicit machine supported links provides a novelway of accessing data, one which is distinct from using queries.From a computer science viewpoint the essence of hypertext is precisely that it is a hybrid that cuts acrosstraditional boundaries. Hypertext is a database method , providing a novel way of directly accessing data

21which is quite different from the traditional use of queries. At the same time, hypertext as a representationscheme is a kind of �semantic network� which mixes informal textual material with more formal andmechanized operations and processes. Thirdly, hypertext is an interface modality that features �controlbuttons� (link icons) which may be arbitrarily embedded within the content material by the user. These arenot separate applications of hypertext -- they are metaphors for a functionality that is an essential union ofall three. In this report we will concentrate on the lower level issues relating to nodes and links and thedatabase view. Specifically, the next two sections do just that.(22)3.1 The Power of LinkingIn the next two sections hypertext links and nodes are explored in more detail as the basic building blocks.The following section explores methods of linking and the dynamics of following links.3.1.1 Link FollowingWe have said that the most distinguishing characteristic of hypertext is that there is machine support for thetracing of references. This can be as simple as references having numbers or short names which the user canenter manually to indicate a desire to follow the reference link. For example, some hypertext systems (e.g.ZOG and help systems) provide a numbered menu of links to each successor frame, and the user selects alink by typing the number or letter associated with the name of the link. Of course, following links can be assophisticated as having the references themselves be in a distinctive font or icon and be mouse-sensitive,with the system responding to a mouse button click (called �mousing�) on such a reference by bringing thereferenced node up onto the screen.What are the requirements for links and link behavior? Support for the tracing of links is essential tohypertext, but it is difficult to define strictly. For example, how much effort can we expect of the user infollowing a reference and still consider the system hypertext? After all, if the references in a document arejust the names of files, any editor could be a candidate for hypertext because the user can just enter thecommand for editing a file and then type in the name of the desired file. The accepted lower limit ofreferencing support can be specified as follows: no more than a couple of key strokes (or mouse movements)are required from the user to follow a single link. In other words, the interface must provide that links actlike �magic buttons� that quickly and easily transport the user to a new place in the hyperdocument.Another aspect of hypertext that is essential is the speed with which the system responds to referencingrequests: there must be only the briefest delay in following a link, and much design work goes into thisfeature in most systems. It is widely accepted that a delay of more than one or two seconds is too long(Halasz, personal communication; also, [Mant79]). This constraint may appear at first to be more like a pettyconcern of impatient users than a hard requirement for hypertext. However, the need for rapid response isjust as critical as the existence of machine support for reference tracing -- if I can go to a referenced page in abook faster or easier than the computer system can bring up that �page�, then it would seem that there isnothing very �hyper� about my hypertext system.However, because of fundamental hardware limitations, not all link traversals can be instantaneous. Nomatter how fast a hypertext system is in following links, one can always specify a size of hyperdocumentthat either will not fit with the system or will cause unacceptably slow system response. Thus, as importantas rapid response is providing cues to the user about the expected delay for a given query or traversal; forexample, some visual feature of the link icon could indicate whether the destination node is in memory, onthe disk, somewhere else on the network, or archived offline, suggesting increasing retrieval times.The benefits of electronic storage and manipulation of my text are balanced by the loss of many familiar andimportant features of printed text: portability, ease of annotation, and even the physical concreteness ofpaper documents.(23) It will be difficult to provide on a computer screen the equivalent effectiveness of themore subtle tactile and visual cues such as size, color, texture, absolute and relative position, weight andheft, etc. that paper documents offer. The promise of computer mediated document handling is that thespecial talents of computer systems (e.g. high speed indexing within enormous documents, multiplecomplementary organizations of the same material, etc.) make up for the loss of the unique features ofpaper. In summary, if machine-supported links are the essence of hypertext, then performance of linktracing is also essential.

223.1.2 Properties of LinksLinks connect things. There are two fundamental questions one can ask about a link: What things does itconnect? and How does it connect them? These questions will form the basis of our survey of peroperties oflinks.Functions of Links¥First, however, we must observe that links can be used for several different functions:¥They can connect the reference to another document to the document itself.¥They can connect a comment or annotation to the text about which it is written.¥They can indicate that some text is a subsection of some other piece of text, or other kinds oforganizational information (i.e. the link between a table of contents entry and its section).¥They can connect two successive pieces of text, or a piece of text and all of its immediate successors.¥They can connect entries in a table or figure to longer descriptions, or even subtables or figures.Characteristics of LinksLinks can have names and can, in fact, have a rich set of properties. Some systems allow display of links tobe turned on and off (i.e., turned off so that a document appears as ordinary text).The introduction of links into a text system means that an additional set of mechanisms must be added forcreating new links, deleting links(24), changing link names or attributes, listing links, etc.

The two ends of a linkLinks have two ends, and are usually considered to be directed, although it is common to support going�backwards� along the link. The origination of the link is called the �link source�, and usually acts as thereference . The source can logically be either a single point or a region of text. At the other end, the�destination� of the link usually functions as the referent , and can also be either a point or a region (seeFigure 9).(25) For example, the most common implementation of hypertext links (used, for example, byZOG, NoteCards, and PlaneText) is to have the source be a point and the destination be a node. For mostpurposes, a node can be considered to be a region. This is convenient for many of the applications listedabove, because it provides the sense of a chunk of text -- a region -- written about or referenced by somesmaller textual chunk, often a sentence. Since we are accustomed to single point references to sentences (e.g.footnotes), it is natural to accept a link with a point source.

Points and regionsA point (source or destination) is some icon indicating the presence of the link; it usually shows the link’sname, and indicates whether it is a source or destination point (in systems, such as Neptune, which supportboth). It is important that a point behave as a single character or icon: the editor cursor should jump over itas if it were a single character (i.e. it must be immutable using the standard text editor); and it must be ableto move with its containing text if that text is moved. But there is a problem with copying and deletion oftext containing link points: what does it mean to delete one end of a link, or to make a copy of it somewhereelse in the file? The options are: (1) to have copying and deletion of text containing link points signal that thelink is being copied or deleted, and optionally to request verification from the user; (2) to prohibit suchactions until any contained links have been dealt with via the link manipulation mechanisms; and (3) tohave the link point behave as if it were uncopyable and undeletable, so that it remained after a deletion anddid not copy. Most systems implement the first option, on the assumption that the user really regards thelink as an integral part of the text, so that it should be deleted or copied with its containing text.A region (source or destination) is a set of contiguous characters which is displayed in some way as being asingle unit. In Figure 9 the link destination is a region, in this case, an entire node. This is the easiest way toimplement regions, since any attempt to set a region off from neighboring text within a node raises a toughimplementation issue: how to display the region to the user. It should be highlighted somehow, usingreverse video, fonts, or color. But these options open the door to tough issues about the handling ofoverlapping regions -- how can several overlapping regions be highlighted clearly at once? The options seemto be: only displaying a single region at a time (but then where are the other link regions and how do theyget selected?), or using some elaborate color scheme to indicate regions and their overlap. Of course, an easyresolution is to disallow overlapping regions. (The Intermedia designers propose to draw a light box around

23regions and a darker box around region/region overlaps, thus showing a single level of overlapping[Garr86a]; perhaps this is sufficient.)Another difficulty with link regions is that it is less clear how to show the name of the link, unless it is donearbitrarily at the beginning or end of the region (and again, this name must be uneditable).Finally, one must consider copying, movement, modification, and deletion of the region and of substringswithin it. For example, when one moves a major portion of the text in a destination region someplace else inthe node, does the link destination move with it or stay with what remains? Also, special provisions must bemade for editing (deleting, moving, or copying) the defining end points of a region.Reference by Name and by ValueReference by name is the weakest form -- it means that the link source simply has the name of thedestination node, and thus is invalidated if the name or location (directory) of the destination node ischanged. This is the easiest way to implement links, but is generally considered too brittle.Reference by value means that the destination has been made into a node with its own internal name, andthe link points to this node. Most systems take the extra trouble to implement these internal (and usuallyinvisible to the user) names, since it allows nodes to be moved or renamed without loosing their in-links.

24Organizational, referential, and keyword linksThere are two methods for explicitly linking two points in hypertext: referential (non-hierarchical) andorganizational (hierarchical) links. In addition, there is an implicit linking that occurs through the use ofkeywords. The referential links are the kind discussed above, the kind which most clearly distinguishhypertext, so no more need be said here about them.Organizational links connect a parent node with its children and thus form a strict tree subgraph within thehypertext network graph. They correspond to the �IS-A� (or �Superconcept�) links of semantic net theory([Wood75, Brac77]), and thus are treated quite differently from referential links(26). For example, rather thanappearing as explicit highlighted tokens in each node, organizational links are sometimes traversed by aseparate mechanism at the node control level (i.e. special goto-parent, goto-first-child, and goto-next-siblingcommands). In other cases there are oganizational nodes (e.g. �toc� nodes in Textnet and �FileBoxes� inNoteCards) which record the organizational structure. The relative importance of hierarchical and non-hierarchical structures is discussed below.One of the chief advantages of text storage on a computer is the feature of searching large and complexdocuments and sets of documents for substrings and keywords.(27) Naturally, this is also a valuable aspectof hypertext (though with hypertext the search problem may be somewhat more complex, simply because itis search in a graph). Indeed, most users of large hyperdocuments insist on having some mechanism forscanning them.We propose that in hypertext initiating a search is done for the same reason that one follows a link, i.e. to getfrom one node to another. The difference is that explicit hypertext links typically connect one node toanother, whereas keyword search links a virtual set of nodes. Therefore search of the hypertext graphamounts to a definition of a network of implicit, virtual links, and keywords can be regarded as a kind ofimplicit, computed link.(28) The value of this insight is that it may allow design of a hypertext interfacewhich is consistent across all link-tracing-like activities.Link SourcesAlmost all modern versions of hypertext allow link sources (i.e. references to other nodes) to occur freelywithin the body of a node. A few systems, e.g. ZOG, gIBIS, and most help systems, only provide out-linksfrom the entire node; this form is fine for these browsing systems, but is inadequate for applications inwhich annotations and references need to be placed within text.The most common means of displaying link sources is as short highlighted textual fields, in which the text isthe name of the link itself or the name of the destination node. The link source is usually a point (cannot beedited). Brown’s Intermedia allows regions for both source and destinations.(29)Link DestinationsHere the story is the complement of link sources: link destinations are almost always whole nodes. Only onesystem reviewed here, the Tektronix Neptune system, provides for link destinations to occur freely (as pointdestinations) within text in a node. It is not yet clear what the benefits and drawbacks are of point andregion destinations (although these issues are discussed at some length in [Garr86a]).Link DirectionIn almost all implementations links are designed to be traversed in either direction, but this raises a problem,because the names placed on links are often non-symmetrical relations (e.g. references, summarizes, etc.). Alink labeled �References� in one direction should be labeled Is-Referenced-By when followed in the otherdirection. This is fine if there are a fixed set of link labels so that the systems designers can build in thesymmetrical pairs, but is more of a problem if new link labels can be designated by the user. Note that thereare some generally difficult linguistic problems with symmetrical relations, e.g. the reverse of Is-In-Front-Ofis not necessarily Is-In-Back-Of . Perhaps the easiest way to avoid this problem is to use a single link labeland to include the direction as part of the display of the link and its endpoints.Tracing links backwards also leads to a problem when the link sources are point sources. The semantics of apoint source is that signalling the source in some way (e.g. mousing it) causes the link destination to comeinto view. But signalling the destination for a backwards traversal does not mean that the point sourcenecessarily comes into view: it can mean only that the window containing the source is indicated. Locatingthe point source inside the node/window may be left to the user -- this is a design decision.

25To Tree or Not to TreeSome hypertext systems (e.g. NLS/Augment) support only hierarchical structure, others provide no specificsupport for hierarchical structure (e.g. Xanadu, Hyperties), and others support both kinds of structures (e.g.Textnet, NoteCards).It would be nice to know how sufficient strictly hierarchical structure is, in general, and, more deeply, forwhich applications it is sufficient and for which it is not. On the one hand, it could be argued that the humanmind is a �taxonomy building machine�, and that hierarchical structures are the most natural structure fororganizing information. On the other hand, there are clearly cases where cross-hierarchical links arerequired.(30) One source of evidence about the relative importance of these two alternatives can come fromexamination of the practices of someone using hypertext for an actual project: to what extent do theyorganize their material (hierarchically) and to what extent are they making inter-nodal references? FrankHalasz, one of the developers of NoteCards, has gathered statistics on the �hyperspace� of a singlerepresentative NoteCards user (see Table 3); this person had 1577 nodes (cards) in all, 502 of which were�FileBoxes� (hierarchical nodes). Connecting these nodes were a total of 3460 links, 2521 (73%) of whichconnected FileBoxes to each other or to individual notecards, 261 (7.5%) of which were non-hierarchicalreferential links, and the remainder of which were mail links (used by the system to tie mail messages toother nodes). This example, for what it is worth, suggests that hierarchical structure is very important inorganizing a hypertext network, and that referential links are important but less common.One advantage of strictly tree-oriented systems such as NLS/Augment, ZOG, EMACS INFO, and theoutline processors, of course, is that the command language for navigation is considerably simpler: from anynode, the most one can do is go to the parent, a sibling, or a child. This simplicity can also help withavoiding the disorientation problem, since a simpler cognitive model of the information space will suffice.Of course, the great disadvantage of any hierarchy is that its structure is a function of the few specific criteriathat were used in creating it. For example, if one is interested is exploring what is common among life formsthat live in the sea versus those that live on land, the traditional decomposition into plants and animals splitsthe world in a way that may make it harder to spot generalities among land- and sea-based life. The creatorof a hierarchical organization must anticipate the most important criteria for later access to the information.One solution to this limitation is to allow the information elements to be structured into multiple hierarchies ,thus allowing the world to be �sliced up� into several orthogonal decompositions. Any hypertext systemwhich has hierarchy nodes, such as Textnet ( toc nodes) and NoteCards FileBox nodes, can do this quiteeasily, and these are the only systems reviewed here which explicitly claim to support multiple hierarchies.Indeed, one early user of NoteCards used the system in doing the research and writing for a major projectpaper; he imposed one organization on the data and his writings while doing the research, and then quite adifferent (yet coexistent) organization on the same material to produce his paper. This user reported that heSome Characteristics of a Representative NotefileUses: mostly personal information management; some authoringSize: 3.7 MbytesTotal cards: 1577FileBoxes: 502Cards: 1075Text: 667Mail: 367 Other: 41 Total links: 3460Filing: 2521 (hierarchical) - 73%Mail: 678 Other: 261 (non-hierarchical) - 7.5% Total link types: 32System: 32Mail: 5User: 14Table 3: Some Characteristics of a Representative Notefile (from Halasz, personalcommunication)

26benefitted greatly from having his research notes and thesis in NoteCards. As a generalization, it seems thatmore engineering oriented hypertext users prefer heirarchical organizations, whereas those with moreartistic or humanistic applications place more value on cross referencing.3.1.3 Extensions to Basic LinksThere are several ways in which the basic notion of hypertext links can be extended. One is to consider thatlinks can connect more than two nodes -- such cluster links could be useful for referring to severalannotations with a single link, and also have a natural application for providing specialized organizationalstructures among nodes -- indeed, the toc nodes of Textnet and the FileBoxes of NoteCards are both clusterlinks.Another useful feature is the ability to place attribute/value pairs on links and to query the network forthem. The Neptune system, for example, has an architecture that is optimized for this function. Coupledwith specialized routines in the database interpreter (the �HAM�), these attribute lists allow users tocustomize links in several ways, including devising their own type system for links and performing high-speed queries on the types.Finally, one can imagine that it could be useful to allow procedural attachment to links (as is also done inNeptune and Boxer), so that traversing a link also performed some user-supplied side-effect such ascustomizing the appearance of the destination node.3.2 Hypertext NodesWhile we have said that the essence of hypertext is machine-supported linking, we must also consider thenodes which become so linked. Most users of hypertext favor using nodes which express a single concept oridea, and are thus much smaller than traditional files. In a sense, hypertext introduces an intermediate levelof organization between characters and files, a level which has the vaguely semantic aspect of being orientedto the expression of ideas. But this sizing is completely at the discretion of the hypertext writer -- nothingprevents a writer from packing a whole book into a single node, nor, at the other extreme, from using onenode per word. Indeed, the process of determining how to modularize a document into nodes is an art,because its impact on the reader is not well understood (but see [Shas86]). For many applications a goodlength for nodes is considered to be from one to several paragraphs.3.2.1 The Modularization of IdeasHypertext invites the writer to modularize ideas into units such that (a) an individual idea can be referencedelsewhere (i.e. this is a scope of reference concern) and (b) alternative successors of a unit can be offered tothe reader (e.g. more detail, an example, bibliographic references, or the logical successor). But the writermust reckon with the fact that a hypertext node, unlike a textual paragraph, is a strict unit which does notblend seamlessly with its neighbors. Some hypertext systems (Notecards, CREF, Boxer, FRES, NLS) allownodes to be viewed together as if they were one big node, and this is an essential option for someapplications, e.g. writing and reading prose. But the boundaries between nodes are discrete, and requiresometimes difficult judgements about how to cleave the subject matter into suitable chunks.The process of identifying a semantically based unit, such as an idea or concept, with a syntactic unit, suchas a paragraph or hypertext node, is not unique to hypertext. Manuals of style notwithstanding, traditionaltext has rather loose conventions for modularizing text into paragraphs, but this is acceptable becauseparagraph boundaries have a relatively minor effect on the flow of the reading. Paragraph boundaries aresometimes provided just to break up the text and give the eye a reference point. Thus, decisions about thedistribution of sentences among paragraphs are not critical.Hypertext, on the other hand, enforces a rather stern information hiding -- the only clue you have as to thecontents of a link destination node is the name of the link (or the name of the node, if that is providedinstead). The writer is no longer making all the decisions about the flow of the text: in hypertext the readercan and must constantly decide which links to pursue. If these links come at the end of a node, then it is anatural place to stop and consider which path to take. But if the links punctuate the text one mustoccasionally suspend the task of reading one node in order to initiate the task of checking out and perhapsreading another node. And of course the process is recursive. This is one reason why performance ofhypertext systems is so critical: if one must wait more than a moment to see destination nodes one is likelynot to follow many links (see also Section 5.2). Intermedia provides a one sentence �explainer� that pops upto explain any link as a shortcut in making this judgement.

27But in any case, writing and reading hypertext imposes on the writer and reader the need for more processawareness , since one must constantly be making meta-level judgements about the flow of ideas. Of course,for the applications for which hypertext is best suited these are the kind of judgements that one is makinganyway, and hypertext merely offers a way to act directly on these judgements and see the results quicklyand graphically.3.2.2 Node SizeAside from the criterion of one idea or concept per node another constraint on node size is the practicalconsideration in most hypertext systems that it takes some time for a new node/window to be created whena link is activated, hence one does not generally create many small nodes, due to the excessive overhead oflink traversal for the reader.Yet another constraint on node size is that in most hypertext systems nodes are the lowest level of resolutionof link destinations, making the size of the link destination equivalent to the size of the node. This meansthat if you wish to refer to one paragraph in a long document you have two options: place the link source inthe referring node and make the whole document the link destination, or place the link source in thedocument, at the paragraph, and place the annotation in a node that is the link destination. Obviously thelatter is the preferable solution, but it has the problem, discussed above, that in many systems an attempt tobacktrace the link from the annotation node will only get the whole document, not the link source itself,leaving the user to find the referenced paragraph unaided. (The best solution is probably to allow, but notforce, region to region links.)Thus there is a tension between wanting many small nodes, in order to maximize the degree of organizationof the information, and just a few larger nodes, to minimize the delay and complexity of navigating betweennodes. One of the chief goals of hypertext researchers should be to find ways of decreasing this delay andcomplexity so that there is the greatest possible range of useful node sizes available to users.3.2.3 Ideas as ObjectsWhile it is difficult to document, there is something very compelling about reifying the expression of ideasinto discrete objects to be linked, moved, and changed as independent entities. Alan Kay and AdeleGoldberg [Kay77b] observed of Smalltalk that it has the feature of giving objects a perceptual dimension byallocating them a rectangular piece of screen real estate. It offers enhanced retrieval and recognition overcomputer processed flat documents, because to a much greater degree abstract objects are directly associatedwith perceptual objects, the windows and icons on the screen.Paragraphs, sections, and chapters in a book, viewed through a standard text editor or word processor,simply don’t stand out as distinct entities. This is particularly apparent when one can both view one’s texthierarchically, e.g. as an outline, at the same time that one is working on adding new sections andembellishing existing ones. People don’t think in terms of �screenfulls�, they think in terms of ideas, facts,and evidence, and hypertext, via the notion of nodes as individual expressions of ideas, provides a vehiclewhich respects this kind of thinking and working.3.2.4 Nodes with TypesIn some hypertext systems nodes are considered to be untyped, that is, they are just generic boxes forholding text. For some applications it is useful to consider typing the nodes, so that they come in different�flavors�. This is particularly useful if, in addition, one is considering giving the nodes some internalstructure, since the types can be used to differentiate the various structural forms. Systems such asNoteCards, Intermedia, and gIBIS make extensive use of typed nodes.For example, in our research in STP we have been implementing a hypertext interface for a designenvironment called the Design Journal . The purpose of the Design Journal is to be a kind of active scratchpadin which the designer can deliberate about design decisions, both individually and in on-line designmeetings, and can integrate the design itself with this less formal kind of information. For this purpose wehave speculated about providing a set of natural kinds of nodes for the designer to use: notes,goals/constraints, artifacts, and decisions. Notes would be used for everything from �Ask Bill for advice onModule X� to specific problems and ideas relating to the design. Goals/constraints are for the initialrequirements as well as discovered constraints within the design. Artifacts are the elements of the output:The Design. And decisions are used to capture the branch points in the design process, the alternatives

28considered by the designer, and some of the rationale for any commitment (however tentative) that has beenmade. Assumptions are also captured, in the form of decisions with only one alternative.Having typed nodes helps the user differentiate at a glance the broad classes of nodes that he is workingwith, by providing a specialized color, size, or iconic form for each node type, and may also be used tosegregate nodes of different types into different parts of the screen. In addition, it is possible to definespecialized operations on different node types, such as display views, dependency tracking, and internalcomputations.3.2.5 Semistructured NodesTo continue the example of the Design Journal, we have developed a model for the internal structure ofdecisions which suggests that not only does one require typed nodes, one may also wish to treat nodes as�active forms� to be filled out by the user. The advantage of providing a template for node contents is bothto assist the user in being complete and to assist the computer in interpreting the textual content of thenodes. That is, the less that the content of a node is undifferentiated natural language (e.g. English) text, themore likely it will be that the computer can do limited kinds of processing and inference on the textualsubchunks. This is closely related to Malone’s notion of �semistructured� information systems [Malo87a].The name of the model of decision structure is ISAAC [Conk86], and the model proposes that there are fourmajor components to a design decision:1.An issue, including a short name for the issue and a short paragraph describing it in general terms;2.A set of alternatives, each of which resolves the issue in a different way, each having a name and shortdescription, and each potentially linked to the design documents or elements that implement thealternative;3.An analysis of the competing alternatives, including the specific criteria being used to evaluate them,the tradeoff analysis among these alternatives, and links to any data that the analysis draws upon;4.A commitment to one of the alternatives (however tentatively), or a vector of preferences over thealternatives, and a subjective rating about the correctness or confidence of this commitment.Without getting into the details of the theory of design process capture, we wish merely to stress here thatthe internal structure of ISAACs suggests that much more would be happening as one created and filled insuch a hypertext node than is the case when no internal structure exists.Of course, the reader may wonder why each of the elements listed above is not being treated as its ownhypertext node. The problem with that treatment in the case of the ISAAC model is that the parts of anISAAC frame are much more tightly bound together than ISAACs frames are bound to each other. Onecould not have an analysis part without an alternatives part, for example, yet if we treat them as separatehypertext nodes we have failed to build this constraint into the structure. This issue touches also on the issueof node size: to what extent is information so tightly bound together that (a) you always want to view ittogether, (b) you never want to take it apart, (c) you rarely even want to reference parts of it outside of thecontext of the rest.In hypertext this tension presents itself as the twin notions of nodes with internal structure and compositenodes.3.2.6 Composite NodesOne advantage of hypertext is that a collection of paragraphs, represented as nodes, may be traversed inmany different orders, depending on the desires of the writer and the reader. However, sometimes onewishes to combine the features of separate nodes and single nodes by gathering several nodes into a singlecomposite node. An ISAAC node can be thought of in this way. Composite nodes are most useful forsituations in which the separate items in a bulleted list, or the entries in a table, were each distinct nodes, butwhich also cohered into a higher level structure (e.g. a list or table). In these cases one would like to be ableto group the nodes and treat them as a single composite node . Note that this feature tends to attack thefundamental association of one interface object (window) per database object (node), and thus must be donewell to avoid complicating the hypertext idiom unduly.A composite node facility would allow nodes to be collected and structured into a single node. Thecomposite node could be moved and resized (within limits), and would close up to a suitable icon reflectingits contents. However, the subnodes would be separable and rearrangeable through a subedit mode. The

29most flexible means of arranging subnodes is through the use of a constraint language (such as thatdeveloped by Symbolics for �Constraint Frames�) in which the subnodes are described as panes in thecomposite node window and the inter-pane relationships are specified as dynamic constraints on size andconfiguration.Another motivation for composite nodes is to help manage the number of named objects in one’senvironment. Pitman described the problem this way:In this sort of system, there is a never-ending tension between trying to name everything (in which case,the number of named things may grow quickly and the set may become quickly unmanageable) or to nameas little as possible (in which case, things that took a lot of trouble to construct may be hard to retrieve ifone accidentally drops the pointers to them).[Pitm85]Another problem with composite nodes is that as the member nodes grow and change the aggregation canbecome misleading or incorrect, and it is often difficult to tell that this is happening. A familiar example ofthis for writers is the section of a paper which is so thoroughly rewritten over time that the section title is nolonger accurate. Sometimes this �semantic drift� can be difficult to catch.3.3 Analogy to Semantic NetworksThe idea of building a directed graph of informal textual elements is similar to the AI concept of semanticnets. A semantic network is a knowledge representation scheme consisting of a directed graph in whichconcepts are represented as nodes and the relationships between concepts are represented as the arcs (oredges, links, etc) between them.(31) The important idea is that concepts in the representation are indexed bytheir semantic content rather than by some arbitrary (e.g. alphabetical) ordering. One benefit of semanticnetworks is that they are natural to use, since related concepts tend to cluster together in the network.Similarly, it is easier to spot a concept which is incompletely or inconsistently defined, since a meaningfulcontext is provided by those neighboring concepts to which it is already linked.The analogy to hypertext is straightforward: hypertext nodes can be thought of as representing singleconcepts or ideas, internode links as representing the semantic interdependencies among these concepts,and the process of building a hypertext network as a kind of informal knowledge engineering. Thedifference is that knowledge engineers are usually striving to build representations which can bemechanically interpreted, whereas the goal of the hypertext writer is often to capture an interwovencollection of ideas. As we shall discuss below, the field of AI also provides some natural extensions to thehypertext concept (such as structured nodes and procedural attachment) which have proven powerful withsemantic networks.4 The Advantages/Uses of HypertextIntertextual references are not new. The breakthrough of hypertext is simply that they are machinesupported. However, traditional literature is richly interlinked, and is also usually hierarchically organized.The medium of print has for the most part restricted the flow of reading to be following the flow of linearlyarranged passages. However, even the process of following links is fundamental in traditional literature,and is much of what library and information science is about. Any one who has done research knows that aconsiderable portion of that effort lies in obtaining referenced works, looking up cross references, looking upterms in a dictionary or glossary, checking tables and figures, and making notes on notecards. Even insimple reading one is constantly negotiating references to other chapters or sections (via the table of contentsor references embedded in the text), index entries, footnotes, bibliographic references, sidebars, figures, andtables. It is not uncommon for readers to be invited to �skip the following section� if they are not interestedin greater technical detail.4.1 But there are problems with the traditional methods.¥Most references can’t be traced backwards: unless the author has provided for it with a special table,there is no easy way to find where a specific book or article is referenced in a document, nor can theauthor of a paper easily determine who has referenced his or her paper.¥It is up to the reader to keep track, as he winds his way down various reference trails, of whichdocuments he has visited and which he is done with. Hypertext automatically stacks the windows for

30successive references on top of or near each other on the screen, providing a natural mechanism forwinding one’s way back over such a trail: as each window is closed, it reveals the document andparagraph that were under consideration when the trail was followed.¥Annotations must be squeezed into the margins or appended someplace else. In many hypertextsystems the user is free to add his own links, either between existing documents or to newannotational nodes of his own.¥Finally, following a referential trail among paper documents requires substantial physical effort anddelays, even if one is working at a well-stocked library. If the documents are on-line, the job is easierand faster, but no less tedious. The vision of the �global hypertext library� (e.g. [Bush45, Nels80,Trig83]) extends the power of the mouse to on-line access to any document ever published.4.2 Some advantages of hypertext from the application perspectiveThe following sections discuss some advantages of hypertext from the application perspective used above inthe discussion of existing systems.4.2.1 New Possibilities For Authoring and DesignHypertext may offer new ways for authors and designers to work. Authoring is usually thought to be aword and sentence level activity, and clearly the word processor (32) is the right tool for authoring at thislevel. However, it should also be clear that much of authoring has to do with structuring of ideas, order ofpresentation, and conceptual exploration. Few authors simply sit down and pour out a finished text, and notall editing is just �wordsmithing� and polish. Here we are using the term �authoring� in the broad sensethat it is design of a document , and thus is a subtopic of design in general.More specifically, we propose that the unit of this higher level kind of authoring is the concept or idea, and itis this level of work that is best supported by hypertext, since the concept can be expressed in a node. As thewriter thinks of new ideas they can be developed in their own nodes, and then linked into existing ideas --or left isolated if it is too early to make such associations. Likewise, snippets of text can be set aside in theirown node. Given the proper view facility, the hypertext nodes can be treated as outline entries, or organizedinto a tree, where they can be further refined in the context of the adjoining ideas. Restructuring of theemerging document is much easier with the global view that is allowed by hypertext: the order ofpresentation of ideas and the structure among them (e.g. whether to discuss A and B at the same level orsubsume B into the discussion of A) can be easily understood and changed. Notice that using hypertext as atool for thinking, writing, and designing stresses its �noded-ness� (see Section 3.2).If the final product is to be a flat document, however, we note that it is necessary, toward the end of thewriting process, to have a view of adjacent nodes which is relatively seamless, so that one can really see ifthe transition between nodes is rhetorically smooth. Finally, if the document is to be reviewed and critiquedby colleagues, hypertext provides an excellent facility for such annotations (see below).4.2.2 New Possibilities For Reading and RetrievalHypertext may also offer new possibilities for accessing large or complex information sources. A linear (non-hypertext) document can only be easily read in the order in which the text flows in the book. The essentialadvantage of non-linear text is the ability to organize text in different ways depending on differingviewpoints. Shasha describes it this way:Suppose you are a tourist interested in visiting museums in a foreign city. You may be interested invisual arts. You may want to see museums in your local area. You may only be interested in inexpensivemuseums. You certainly want to make sure the museums you consider are open when you want to visitthem. Now your guidebook may be arranged by subject, by name of museum, by location, and so on. Thetrouble is: if you are interested in any arrangement other than the one it uses, you may have to do a lot ofsearching. You are not likely to find all the visual arts museums in one sections of a guidebook that hasbeen organized by district. You may carry several guidebooks, each organized by a criterion you may beinterested in. The number of such guidebooks is a measure of the need for a non-linear text system.[Shas86]

31Another advantage is that it is quite natural in a hypertext environment to temporarily suspend readingalong one line of investigation to look into some detail, example, or related topic. Bush described anappealing scenario in his 1945 article:The owner of the memex, let us say, is interested in the origin and properties of the bow and arrow.Specifically he is studying why the short Turkish bow was apparently superior to the English long bow inthe skirmishes of the Crusades. He has dozens of possibly pertinent books and articles in his memex. Firsthe runs through an encyclopedia, finds an interesting but sketchy article, leaves it projected. Next, in ahistory, he finds another pertinent item, and ties the two together. Thus he goes, building a trail of manyitems. Occasionally he inserts a comment of his own, either linking it into the main trail or joining it by aside trail to a particular item. When it becomes evident that the elastic properties of available materialshad a great deal to do with the bow, he branches off on a side trail which takes him through textbooks onelasticity and tables of physical constants. He inserts a page of longhand analysis of his own. Thus hebuilds a [permanent] trail of his interest through the maze of materials available to him.[Bush45]As we have seen, Bush’s notion of a trail was a feature of Trigg’s Textnet [Trig83], allowing the hypertextauthor to establish a mostly linear path through the document(s). The main (default) trail is well marked, andthe casual reader may read the text in that order without troubling with the sidetrails.4.2.3 SummaryWe can summarize the operational advantages of hypertext as:¥ease of tracing references: machine support for link tracing means that all references are equally easyto follow to their referent, or backwards to their reference;¥ease of creating new references: users can grow their own networks, or simply annotate someoneelse’s document with a comment (without changing the referenced document);¥information structuring: both hierarchical and non-hierarchical organizations can be imposed onunstructured information; even multiple hierarchies can organize the same material;¥global views: browsers provide table-of-contents style views, supporting easier restructuring of largeor complex documents; global and local (node or page) views can be mixed effectively;¥customized documents: text segments may be threaded together in many ways, allowing the samedocument to serve multiple functions;¥modularity of information: since the same text segment can be referenced from several places, ideascan be expressed more modularly, i.e. with less overlap and duplication;¥consistency of information: references are embedded in their text -- if the text is moved, even toanother document, the link information still provides direct access to the reference;¥task stacking: the user is supported in having several paths of inquiry active and displayed on thescreen at the same time, such that any given path can be unwound to the original task;¥collaboration: several authors may collaborate, with the document and comments about the documentbeing tightly interwoven (this feature is just beginning to be explored).5 Disadvantages of HypertextThere are two classes of problems with hypertext: those that are problems with the current implementations,and those that seem to be endemic to the fundamental concepts of hypertext. The problems in the first classinclude delays in the display of referenced material, restrictions on names and other properties of links, lackof or deficiencies in browsers, paucity of interesting or powerful specialized �views� of networks, etc. Thefollowing section outlines two problems that are more challenging than these implementation shortcomings,and that may in fact ultimately limit the usefulness of hypertext: disorientation and cognitive overhead .5.1 Getting �Lost in Space�Along with the power of being able to organize information much more complexly comes the problem ofknowing (a) where you are in the network and (b) how to get to some other place that you know (or think)exists in the network. Let us call this the disorientation problem . Of course, one also has a disorientation

32problem in traditional linear text documents, but there are only two options about where the desiredpassage is: earlier or later in the text. Hypertext offers more degrees of freedom, more dimensions in whichone can move, and hence a greater potential for the user to become lost or disoriented. In a network of 1000nodes, it is easy to imagine that information could become hard to find or even forgotten altogether (seeFigure 10).There are two major technological solutions for coping with disorientation: graphical browsers andquery/search mechanisms.5.1.1 One type of solution: Graphical browsersOne solution to disorientation may lie in finding ways to tap the enormous human mental resources forvisuo-spatial processing, or, in more familiar terms, computer graphics. Quite a bit of work is being done ongraphical approaches to database management (e.g. [Done78, Bolt79, Hero80]; graphical and non-graphicalapproaches are discussed in [Weye82a]; the adventurous reader might also wish to check [Pass84]).Hypertext browsers use a graphical display to provide higher-level views of nodes and links. By placingnetworks in a two or three dimensional space, providing them with features useful in visual differentiation(e.g. color, size, shape, texture), and maintaining certain similarities to our physical environment (e.g. no twoobjects occupy the same space, things only move if moved, etc.), browser designers are able to create quiteviable virtual spatial environments. Users orient themselves by visual cues, just as when they are walking ordriving through a familiar city.However, there is no natural topology for an information space, except perhaps that higher level concepts goat the top or on the left side, so until one is familiar with a given large hyperdocument, one is by definitiondisoriented. In addition, it is very difficult to maintain an adequate virtuality for a large or complexhypertext network. Such parameters as (a) large numbers of nodes, (b) large numbers of links, (c) frequentchanges in the network, (d) slow or awkward response to user control inputs, (e) insufficient visualdifferentiation among nodes and/or links, and (f) non-visually oriented users combine to make it practicallyimpossible to abolish the disorientation problem with a browser alone.5.1.2 Another type of solution: search and queryOne solution to this dilemma is to apply standard database search and query techniques to locating the nodeor nodes which the user is seeking. This is usually done by applying some combination, using boolean

33operations, of keyword and full string search and predicates on other attributes of nodes or links (e.g.author, time of creation, type, etc.). Similarly, one can filter or �ellide� information so that the user ispresented with a managable level of complexity and detail, and can shift the view or the detail suppressionwhile navigating through the network. However, much research remains to be done on effective andstandardized methods for ellision.There are two major technological solutions for coping with disorientation: graphical browsers andquery/search mechanisms.5.1.3 Retrieval of Iconized Nodes: A SubproblemWhen a node has been set aside, so that only its icon is on the screen, there is a subproblem of thedisorientation issue: finding the icon of the node one has in mind. (The use of icons is discussed more inSection 6.2.) Although there have been only a few studies on the effectiveness of spatial layout in recall andretrieval [Jone86c], it is certainly the case that the desktop metaphor will provide some aid in organizing abusy hypertext workspace.5.2 The Cognitive Task Scheduling ProblemOne of the problems with authoring in hypertext is that it is difficult to become accustomed to the additionalmental overhead required to create, name, and keep track of links. We call this �cognitive overhead�.Suppose one is writing about X, and a related thought, about Y, comes to mind and seems important enoughto capture. Ideally hypertext allows you to simply �press a button� (i.e. some mouse or keyboard action) anda new, empty hypertext window pops onto the screen, in which you record Y. Then you press anotherbutton, the Y window disappears, and you are in the X window right where you were when Y occurred toyou.Unfortunately, things are a bit more complex than this. If Y has just occurred to you it may still be hazy andtentative -- the smallest interruption could cause you to loose it. (Though stopping to elaborate it couldcause you to forget what you were saying about X!) Coming up with a good word or short phrase tosummarize Y may not be easy -- you have to consider not just what is descriptive but what will besuggestive when the reader encounters the link to Y within X. In particular, should you name the link to Y tosuggest the contents of Y or to show Y’s relationship to X? Some systems (e.g. NoteCards) provide that linkscan have both a type (e.g. �idea�) and a label (e.g. �subsume A in B�). Coming up with good names for bothcan impose even more load on an author struggling with an uncertain point. (One way to reduce thisproblem is for the authoring system to support immediate recording of the substance of the idea, withcreation and labeling of the link and/or the node after the thought has been captured.)Beyond that, one should also consider if one has provided sufficient links into Y before returning to work onX. It may be that there are other or better ways to link Y into the network of thoughts than just at the point inX where Y came to mind.The problem of cognitive overhead is also apparent in the process of reading hypertext -- as was pointed outabove (Section 3.2.1), reading hypertext tends to present the reader with a large number of choices aboutwhich links to follow and which to leave alone, and these choices engender a certain overhead of meta-leveldecision making, an overhead that is absent when the author has already made many of these choices foryou. In the moment of encountering a link, how do you decide if it is worth the distraction to follow up onthe side path? Does the label appearing in the link tell you enough to decide? This could be called�informational myopia�, and the problem is that even if the system response time is instantaneous (which italmost never is) there is a definite distraction, or a cognitive loading, that happens just from pausing toconsider if the side path should be pursued. This problem can be eased by (a) having the cross referencednode appear very rapidly (which is the approach of KMS), by (b) providing an instantaneous one to threeline explanation of the side reference in a pop up window (which is the approach of Intermedia), and by (c)having a graphical browser which shows the local subnetwork into which the link leads.These problems are not new with hypertext, nor are they a spurious artifact of computer-based thinking.People who think for a living -- writers, scientists, artists, designers, etc. -- must contend with the fact thatthe brain can create ideas faster than the hand can write them or the mouth can speak them. There is alwaysa balance between refining the current idea, returning to a previous idea to refine it, and attending to any ofthe vague �proto-ideas� which are hovering at the edge of consciousness. Hypertext simply offers asufficiently sophisticated �pencil� to begin to engage with the richness, variety, and interrelatedness ofcreative thought. This has advantages when this richness is needed and drawbacks when it is not.

34To summarize, then, the problems with hypertext are:¥disorientation: the tendency to lose one’s sense of location and direction in a non-linear document; and¥cognitive overhead: the additional effort and concentration necessary to maintain several tasks ortrails at one time.These problems may be at least partially resolvable through improvements in performance and interfacedesign of hypertext systems, and through research on information filtering techniques.6 Some Design and Implementation IssuesIn this section we review some of the issues that must be resolved in building a hypertext system. Thissection could have been titled �Some Features of Hypertext Systems�, but we feel that hypertext is still tooundeveloped and unexplored to describe these issues as features of something that exists. Rather, these areissues in the design of something that is still taking form, and the reader is invited to participate in this greatexperiment by considering the pros and cons of the issues presented here, and to add other issues to the list.6.1 Views of Links within NodesThe standard format for viewing a hypertext node is that its window contains icons for its links, which linkscause new windows to open when activated. It should be noted, however, that some applications call for adifferent treatment of linking. In VLSI CAD, for example, each �layer� of a design can be represented by asingle node which contains the elements of the layer below as subnodes represented as icons or smallerwindows, a kind of �Chinese Boxes� view. Clicking on a part causes that part to become the new top levelnode, revealing more detailed design information and the next lower layer of the design. In this approach,the notion of logical containment is mapped much more strictly into the graphical containment among thewindows. Such a two-dimensional layout is also used in the hypertext programming language Boxer[diSe85, diSe86], and is one of the views available in WE [Smit86c].6.2 Iconization of NodesIn window-based hypertext systems, there are two ways to remove an open hypertext window from thescreen: making it go away completely, and setting it aside by reducing it to a small icon which takes upmuch less screen space but still hints at the content of the node. The latter option can be quite complex,depending on (a) the speed with which one requires that a window �iconize� and reopen, and (b) the cuesthat are offered about the content of a window by its icon. Speed is rarely a problem in window andhypertext systems, but there are many complex issues in abstracting the contents of a node for its icon. Howmuch of the node’s name should be squeezed into the icon? Can shape, size, color, etc. be used as remindersof the full-sized window, and thus indirectly of the node’s content? Can the appearance of the full sizedwindow be reduced in ways that are useful for recognition? If there are many icons on the screen, can theybe arranged in ways that still allow convenient recovery of a recently open window? Can ways be found forthe user to quickly customize a personal icon that will be more memorable by virtue of being hand made?Once a window has been set aside, there are two aspects to its retrieval: �Can the icon be located?� and �Canit be recognized?� The former issue is most directly related to the general issue of retrieval and indexing,and was taken up in Section 3.1.1. Here we are dealing primarily with the recognition issue.6.3 Special Hypertext EditorsMost hypertext systems to date have opted to use an existing screen-based text editor for editing thecontents of hypertext nodes. This is a reasonable approach, since good editors are hard to build, andhypertext nodes are, after all, just small documents. However, there are some demands for processinghypertext nodes which are unmet by some of these editors.Many hypertext systems invoke a new editor process for each new window. This is a natural enoughapproach when implementing hypertext on top of a window system, where one rarely needs more than afew editor processes around, but it is very inefficient for several reasons. One is speed of node creation -- ahypertext window must appear within a couple of seconds of being requested, and many full service editors(e.g. EMACS) take much too long. Another problem is the use of scarce system resources. Few windowsystems are designed to support 25 editor processes simultaneously, yet that is a common circumstance for

35an active hypertext user. This is particularly a problem in UNIX and similar operating systems in whichprocess are relatively �heavy� and consume significant system resources.A more sensible approach is to have a single specialized editor which can regard the set of open hypertextwindows on the screen as its buffers, using the mouse to indicate which is the user’s current window offocus. This approach not only provides better performance, but allows ease of inter-window communicationnecessary for such editing features(33) as:¥1. text fragments (and their links) can be copied or moved between hypertext windows;¥2. a window can be split into several new nodes;¥3. several hypertext nodes can be merged into a single node; and¥4. advanced features such as composite nodes (see Section 3.2.6) and template nodes can bemanipulated appropriately.The single editor approach probably requires that such an editor be built from scratch, unfortunately,because the details of managing �Which is the current buffer?� and �Where are the cursor locations withinthe various buffers?� are usually written at a very low level in the editor code. Changing them to use themouse for tracking among windows scattered around the screen may require a complete redesign of theselower levels of code.6.4 Methods of Network StorageHypertext systems must have some way of permanently storing the nodes and links of the user’s networks.The most common forms of storage are file systems and data bases.There are two obvious ways to implement nodes in a standard file system: making each node be a file (as inPlaneText), and putting all the nodes in one big file (as in NoteCards). One advantage of having each nodebe a file is that each node is individually accessible without locking out the other nodes from other users --the big disadvantage of putting all of the nodes into a single file is that there cannot be multiple concurrentusers of the same hyperspace (i.e. collection of hypertext nodes) unless a more fine-grained version of suchstandard file system services as file locking (write protection), versioning, and security are implemented bythe hypertext system. Another problem with a single file for all nodes is that if some of the nodes are large,e.g. whole documents, then the file may become unworkably large (depending on file size limits in theoperating system). Conversely, the disadvantage of having each node be a file is that the speed of nodecreation and access is limited by the speed of file creation and access in the operating system, which in somesystems may be a substantial cost.Another advantage of each node being a file is that the hypertext system merges smoothly with the existingfile system and utilities (e.g. mail and news), whereas nodes stored in a single file require extra processing tomerge into the file system.The solution to these tradeoffs may be a kind of file system designed to expedite small file opening andaccess. Alternatively, one could design the hypertext system to quietly open all files referenced by links in anewly opened node, without showing the user, so that that overhead could occur while the user is firstscanning the contents of the node. A similar scheme can be used to prepare new node windows for displaywithout actually displaying them -- until they are called for.Another, increasingly popular approach is to build the hypertext system upon a database, for example arelational database. This approach has several advantages, the main one being that database technology isdesigned precisely to address the problems of using files for permanent storage. Such mechanisms asversioning, locking, transactions, multi-user shared access, and queries are commonly included incommercially available database systems. The main disadvantage of relational databases is that networkstructure is not naturally represented as sets of relational tables, making such common queries as �give meall the in-pointing node/link pairs to node X� computationally expensive. Intermedia and gIBIS are basedon relational database servers.Of course, the optimum solution is to design a network server that knows about nodes and links and isoptimised for the kind of �spreading activation� queries that would be common in hypertext networks ifthey were supported. Neptune’s HAM is the first implementation of such a custom approach to the storageof hypertext networks, although Nelson’s Xanadu system addresses many of the ultimate large scale designissues.

367 SummaryThis paper has reviewed existing hypertext systems, the advantages and disadvantages of hypertext, andsome of the top level design issues of building hypertext systems. It has been my intention to give the readera clear sense of what hypertext is, what its strengths and weaknesses are, and what it can be used for. Butalso something more: that you come away from this paper excited, eager to try using hypertext for yourself,and with the sense that you are there at the beginning of something big, something like the invention of thewheel, but something that still has enough rough edges that no one is really sure that it will fulfill itspromise.To that end I mention one more book that might be considered to be in the literature on hypertext.Neuromancer [Gibs84] is a novel about a time in the distant future when the ultimate computer interface hasbeen perfected: one simply plugs one’s brain into the machine and experiences the computer data directly asperceptual entities. Other computers look like boxes floating in 3-dimensional space, and passwords appearas various kinds of doors and locks. The user is completely immersed in a virtual world, the �operatingsystem�, and can move around and take different forms simply by willing it.(34)This seems to be the ultimate hypertext system. The basic idea of hypertext, after all, is that ideas correspondto perceptual objects, and one manipulates ideas and their relationships by directly manipulating windowsand icons. Current technology limits the representation of these objects to static boxes on a CRT screen, but itis easy to predict that animation, color, 3-D displays, sound, etc. -- in short, Nelson’s hypermedia -- will keepmoving in the direction of making the display more active and realistic, and hence the �data� representedricher and more detailed, and making the input more natural and direct. Thus, hypertext, far from being anend in itself, is just a crude first step toward the time when the computer is a direct and powerful extensionof the human mind, just as Vannevar Bush envisioned when he introduced his Memex four decades ago.AcknowledgementsI wish to thank Les Belady, Bill Curtis, Susan Gerhart, Raymonde Guindon, Eric Gullichsen, Frank Halasz,Peter Marks, Don Petersen, Andy van Dam, and Doug Engelbart for their thoughtful reading of previousdrafts, and for their encouragement.Author’s Current Address (as of July 1991):E. Jeffrey ConklinCorporate Memory Systems, Inc.3500 West Balcones Center DriveAustin, TX 78759End Notes(1) Documentation is the unexecutable English text which explains the logic of the program which itaccompanies.(2) By �workstation� I simply mean any computer that can be characterized as having a high speedprocessor, high-resolution display, powerful graphics support, and distributed on a network.(3) While this paper seeks to establish the criterion of machine supported links as the primary criterion ofhypertext, this is by no means an accepted definition. Therefore this paper will also review and discuss somesystems which do not have this full functionality, e.g. which have a weaker notion of links.(4) Note that there are two classes of icons: those that function as place holders for windows that have beentemporarily put aside, and those within windows that represent links to other nodes. (5) A �string� is aseries of alphabetic and numeric characters of any length, e.g. �listening� or �G00274�(6) They also introduced a five-key handset � a one-handed keyboard � by which alphanumeric text wasentered by �chording� the 5 keys; although it is slower than two-handed typing, it has a considerableadvantage for short commands when used with a mouse in the other hand.(7) Segments were limited to 2000 characters in length, but according to the developers this was never aproblem.

37(8) For details contact Ted Nelson at 8480 Fredericksburg, San Antonio, Texas, 78229, (512) 692-7346.(9) gIBIS will only be available from the STP participants once they have decided to productize and marketit.(10) The author has written an outline processor that sits on top of EMACS, called TREEMACS. This �mocklisp� code is at this time proprietary to MCC/STP, but may at some point become a deliverable to theParticipant companies(11) For further information contact Rob Akscyn at Knowledge Systems, (412) 241-2240.(12) Rather that use a mouse for pointing to links, the Hyperties system uses the convention of alwayshaving some link selected, and responding to the arrow keys by shifting the selection to the nearest link inthe direction of the arrow. One of their empirical studies showed this to be a faster and easier technique forselecting arbitrary highlighted fields on the screen.(13) For information contact Cognetics Corporation, Princeton Junction, N. J., (609) 799-5005.(14) Halasz is now in the Software Technology Program at MCC.(15) An action node contains Lisp code which gets evaluated when a link to the node is activated.(15) An action node contains Lisp code which gets evaluated when a link to the node is activated.(16) For further information contact Lori Naylor at Xerox, (818) 351-2351.(17) For further information about IRIS or Intermedia call the IRIS group in Providence, R. I. (401) 863-2001.(18) Note that this means that, unlike most hypertext systems, the destination end of a Neptune link is aniconic point in the text of the destination node, as opposed to the whole node itself; see Section 3.1.2.(20) The use of an existing tree structuring mechanism limits any hypertext system to only being able tohandle a single hierarchical structure. As we see in Section 3.1.2, single hierarchical organizations may be toolimited for advanced applications.(21) Efforts are currently underway to adopt EMACS as an alternative to the SunView editor.(22) The remainder of this section on the essence of hypertext is technical and detailed, and may be richerfare than the casual reader wishes to read. If you are less interested in the technical issues that go into thedesign of hypertext systems, you may wish to skip this section and go on to Section 4.(23) I suspect we computer users may have lost sight of how important it is to be able to have manualcontact with our text when we are dealing with complex collections of ideas - 3X5 notecards are still best forsome applications.(24) Link deletion is more problematical. For example, what should the policy be for nodes which arestranded by havin all links deleted? Should they be placed in �node limbo� until the user decides to do withthem?(25) The distinction between points and regions generally does not apply in non-mouse-based systems.(26) Note this is distinct from any class hierarchy that is used, in the object oriented programming style, todefine types and subtypes of nodes in the hypertext system.(27) There is controversy over the merits of �full text� search as opposed to the use of preselected keywords.Keyword retrieval is only as good as the skill and thoroughness of the person selecting the keywords, butthere is evidence that full text search does not really deliver on its promise of finding all, and only those,relevant documents (see[Blai85]). In addition, full text search can be computationally prohibitive in largenetworks.(28) Indeed, the fact that keywords can be precompiled into inverted files makes it even clearer that these area kind of virtual link.(29) As of this writing region to region linking is only supported in graphical applications in Intermedia -only point sources and destinations are provided for text.(30) Of course, it could be argued that the need for cross-hierarchical links simply means that the correcthierarchical structuring of the material has not been discovered.(30) Of course, it could be argued that the need for cross-hierarchical links simply means that the correcthierarchical structuring of the material has not been discovered.

38(31) This description of semantic nets is only deep enough to draw the analogy to hypertext. Readersinterested in a deeper and more precise description of semantic nets are referred to Chapter 3 in [Arbi87].(32) Actually, the term �word processor� is quite misleading. Most such tools accept input only at thecharacter level, and manipulate characters, words, sentences, paragraphs with equal facility, so it is text, notwords, that is being processed. But do they process these units? Processing would imply some additionalwork being done by the computer, such as changing the verb form if the subject was changed from singularto plural, or real-time spelling and grammar correction. So really we should return to the original term forthese tools: text editors .(33) Of course, it may also be that there are editors that are so tightly integrated with their operating systemthat they already provide all of these features. In this case, the need for a single editor process is much lessimportant.(34) A simpler theme was expressed in an earlier story by Verner Vinge [Vinge81]. It too is a very goodstory.MCC TR STP-356-86, Rev. 2Jeff ConklinSoftware Technology ProgramClassification: Non ProprietaryDecember 3, 1987References[Aksc84b]Akscyn, R. M., McCracken, D.L.: ZOG and the USS CARL VINSON: Lessons in SystemDevelopment, Carnegie-Mellon Technical Report CMU-CS-84-127. In Proceedings of the FirstIFIP Conference on Human-Computer Interaction; Interact ’84; London, England. 1984.[Arbi87]Arbib, Michael , Conklin, Jeffrey, Hill, Jane: From Schema Theory to Language, OxfordUniversty Press. 1987[Blai85]Blair, D. C., Maron, M. E.: An Evaluation of Retrieval Effectiveness for a Full-Text Document-Retrieval System. Communications of the ACM 28, 3, 289-299. March 1985.[Bolt79]Bolt, Richard A.: Spatial Data-Management, Arhcitecture Machine Group, MassachusettsInsitute of Technology. 1979.[Brac77]Brachman, R.: What’s in a Concept: Structural Foundations for Semantic Networks; Int. J. Man-Machine Studies 9, 127-152. 1977.[Brow82]Brown, J.S.: Notes Concerning Desired Functionality Issues and Philosophy for anAuthoringLand, Xerox PARC CIS working paper, 1982.[Bush45]Bush, V.: As We May Think. The Atlantic Monthly, July 1945: 101-108. Reprinted in AdeleGoldberg (editor), A History of Personal Workstations, ACM Press, New York, 237-247. 1988.[Conk85]Conklin, Jeff, Richter, Charles: Support for Exploratory Design. Proceedings of theAIAA/ACM/NASA/IEEE Computers in Aerospace V Conference, American Institute ofAeronautics and Astonautics. Also, MCC TR # STP-117-85. October 1985.[Conk86]Conklin, Jeff: A Theory and Tool for Coordination of Design Conversations. MCC TR NumberSTP-236-86, MCC, Austin, Texas. 1986.[Deli86a]Delisle, N., Schwartz, M.: Neptune: A Hypertext System for CAD Applications. Proceedings ofACM SIGMOD International Conference on the Management of Data. Washington, D.C. 132-142. January 1986.[Deli86b]Delisle, N., Schwartz, M.: Contexts�A Partitioning Concept for Hypertext. Proceedings of theConference on Computer-Supported Cooperative Work, 147-152. 1986.[diSe85]diSessa, A.: A Principled Design for an Integrated Computational Environment, Human-Computer Interaction, Volume 1, Lawrence Erlbaum, 1-47. 1985.[diSe86]diSessa, Andrea A., Abelson, H.: Boxer: A Reconstructable Computational Medium,Communications of the ACM 29(9), 859-868. 1986.[Done78]Donelson, W.C.: Spatial Management of Information. ACM SIGGRAPH. 1978.[Enge63]Engelbart, D.C.: A Conceptual Framework for the Augmentation of Man’s Intellect. In: P.W.Howerton & D.C. Weeks (eds.) Vistas in Information Handling, Volume 1. London: SpartanBooks. 1963.[Enge68]Engelbart, D.C., English, W.K: A Research Center for Augmenting Human Intellect.Proceedings of 1968 Fall Joint Computer Conference, 33 Part 1, Montvale, N.J.: AFIPS Press, 395-410. 1968.[Fost85]Foster, E.: Outliners: A New Way of Thinking, Personal Computing, 74. May 1985.

39[Garr86a]Garrett, L.N., Smith, K.E., Meyrowitz, N.: Intermedia: Issues, Strategies, and Tactics in theDesign of a Hypermedia Document System. Proceedings of the Conference on Computer-Supported Cooperative Work, Austin, Texas, 163-174. December 3-5, 1986.[Gibs84]Gibson, A.: Neuromance, Ace Science Fiction. 1984.[Gold80]Goldstein, I.P., Bobrow, D.G.: Descriptions for a Programming Environment. Proceedings of theFirst Conference AAAI. August 1980.[Gold84]Goldstein, I., Bobrow, D.: A Layered Approach to Software Design, In D. Barstow, H. Shrobe,and E. Sandewall (eds.) Interactive Programming Environments. McGraw-Hill: 387-413. 1984.[Good87]Goodman, D.: The Complete HyperCard Handbook. Bantam Books, New York. New York.1987.[Gull86a]Gullichsen, E., D’Souza, D., Lincoln, P., Casey, T.: The PlaneText Book. MCC Tech. Rep. STP-333-86(P). 1986.[Hala86]Halasz, F.: NoteCards: An Experimental Environment for Authoring and Idea Processing, XeroxPARC. 1986.[Hala87a]Halasz, F. G., Moran, T., Trigg, R.H.: NoteCards in a Nutshell. Proc. ACM CHI+GI’87 HumanFactors in Computing Systems and Graphics Interface Conf., Toronto, Canada, 45-52. April 5-9,1987.[Hero80]Herot, C.F.: Spatial Management of Data. ACM Trans. Database Systems. Volume 5, Number 4,493-514. December 1980.[Hers85]Hershey, W.: Idea Processors, BYTE, 337. June 1985.[Hers84]Hershey, William: ThinkTank. BYTE, 189. May 1984.[Horo86]Horowitz, Ellis, Williamson, Ronald: SODOS: A Software Documentation Support Environment- Its Definition. IEEE Transactions on Software Engineering. Volume SE-12, Number 8. August1986.[Jaco84]Jacobs, M.A., Murray, D.J.: Filevision, Telos Software Products, Santa Monica, California. 1984.Jones, W.P., Dumais, S.T.: The Spatial Metaphor for User Interfaces:[Jone86b]Experimental Tests of Reference by Location Versus Name. In ACM: TOOLS, Volume 4,Number 1, 42-61. January 1986. Jones, W.P.: The Memory Extender Personal Filing System.[Jone86c]HI-138-85, MCC, Austin, Texas. January 1986.[Karl83]Karlgren, H., Walker, D.E.: The Polytext System-A New Design for a Text Retrieval System. In�Questions & Answers�, ed. Fernec Kiefer, 273-294. D. Reidel Publishing. 1983.[Kay77b]Kay, A., Goldberg, A.: Personal Dynamic Media, Computer, 31-41. March 1977.[Kimu86]Kimura, G.D.: A Structure Editor for Abstract Document Objects. IEEE Trans. Software Eng.,Volume SE-12, Number 3. 417-435. March 1986.[Know]Knowledge Systems Incorporated, 4758 Old William Penn Highway, Murrysville, PA 15668,(412) 241-2240.[Knut84]Knuth, D.E.: Literate Programming. The Computer Journal, 27(2): 97-111. 1984.[Lars87]Larson, Neil: MaxThink Journal, MaxThink, Piedmont, California, Volume 2:3. January 1987.[Lewi86]Lewis, D.J.: A Good ’Shareware’ Outline Processor. IEEE Software, 59. September 1986.[Lowe85]Lowe, David G.: Cooperative Structuring of Information: the Representation of Reasoning andDebate. Int. J. Man-Machine Studies, Volume 23. 23:97-111. 1985.[Malo87a]Malone, T. W., et al.: Intelligent Information Sharing Systems, Communications of the ACM,Volume 30, Number 5, 390-402. May 1987.[Mant79]Mantei, M.M., McCracken, D.: Issue Analysis with ZOG, A Highly Interactive Man-machineInterface. In the Proceedings of the First International Symposium on Policy Analysis andInformation Systems. 1979.[McCr84]McCracken, D., Akscyn, R.: Experience with the ZOG Human-Computer Interface System.International Journal of Man-Machine Studies 21, 293-310. 1984.[Negr79]Negroponte, N.: Books Without Pages. IEEE Int. Conference on Communications IV, 1-8. 1979.[Nels80]Nelson, T.: Replacing the Printed Word: A Complete Literary System. Proceedings of IFIPCongress 1980, North-Holland, 1013-1023. 1980.[Nels81]Nelson, T.H.: Literary Machines: The Report on, and of, Project Xanadu, Concerning WordProcessing, Electronic Publishing, Hypertext, Thinkertoys, Tomorrow’s Intellectual Revolution,and Certain other Topics Including Knowledge, Education and Freedom, available from theauthor ($15, 8480 Fredericksburg #138, San Antonio, Texas 78229). Also being published, alongwith Dream Machines, by Microsoft Press. 1981.[OWLI87]Guide: Owl International Inc. 14218 NE 21st St. Bellvue,WA. 98007. 1987.[Pass84]Passini, Romedi: Wayfinding in Architecture, Van Nostrand Reinhold Company Inc.,Environmental Design Series, Volume 4. 1984.

40[Pitm85]Pitman, K.M.: CREF: An Editing Facility for Managing Structured Text, A.I. Memo Number 829,M.I.T. A.I. Laboratory, Cambridge, Massachusetts. February 1985.[Ritt73]Rittel, H., Webber, M.: Dilemmas in a General Theory of Planning, Policy Sciences, Volume 4.1973.[Robe81]Robertson, G., McCracken, D., Newell, A.: The ZOG Approach to Man-MachineCommunication. International Journal of Man-Machine Studies, 14, 461- 488. 1981.[Scha85]Schatz, B.R.: Telesopy. Technical Report Bellcore TM-ARH-002487, Bell CommunicationsResearch, 445 South Street, Morristown, NJ. 07960-1910. 1985.[Shas85d]Shasha, D.: Netbook - a Data Model to Support Knowledge Exploration. In Proceedings of theEleventh Conference on Very Large Databases, Stockholm. August 1985.[Shas86]Shasha, D.: When Does Non-Linear Text Help? Expert Database Systems, Proceedings of theFirst International Conference, 109-121. April 1986.[Shne86]Shneiderman, A., Morariu, J: The Interactive Encyclopedia System (TIES), Department ofComputer Science, University of Maryland, College Park, Maryland, 20742. June 1986.[Simo69]Simon, H.A.: The Sciences of the Artificial. Cambridge, Massachusetts: The MIT Press. 1969.[Smit86c]Smith, J., Weiss, S. F., Ferguson, G. J., Bolter, J. D., Lansman, M., Beard, D. V.: WE: A WritingEnvironment for Professionals, University of North Carolina at Chapel Hill, Department ofComputer Science Technical Report 86-025. 1986.[Spez86]Spezzano, Charles: Unconventional Outliners. PC World, 168. March 1986.[Stal81]Stallman, Richard M.: EMACS: The Extensible, Customizable Self-Documenting Display Editor.Proc. ACM SIGPLAN/SIGOA Conference on Text Manipulation, Portland, Oregon, 147-156.June 1981.[Trig83]Trigg, R.H.: A Network-Based Approach to Text Handling for the Online Scientific Community,Ph.D. Thesis, University of Maryland. 1983.[Trig86b]Trigg, R.H., Suchman, L., Halasz, F.G.: Supporting Collaboration in NoteCards. Computer-Supported Cooperative Work; CSCW 86 Proceedings, Austin, Texas. 153 - 162. December 3-5,1986.[Ving81]Vinge, Vernor: True Names, Dell Books. 1981.[Walk85]Walker, J.H.: The Document Examiner, SIGGRAPH Video Review, Edited Compilation fromCHI’85: Human Factors in Computing System. l985.[Weye82a]Weyer, S. A.: The Design of a Dynamic Book for Information Search. In Int. J. of Man-MachineStudies, Volume 17, 87-107. 1982.[Wino86b]Winograd, T., Flores, F.: Understanding Computers and Cognition: A New Foundation forDesign. Ablex Publishing Corp. 1986.[Wood86]Woodhull, Albert, S.: Kamas. BYTE, 241. April 1986.[Wood75]Woods, William A.: What’s in a link: Foundations for semantic networks. In D.G. Bobrow andA. Collins (eds.) ’Representation and Understanding: Studies in Cognitive Science, New York:Academic Press. 1975.[Yank85]Yankelovich, N., Meyrowitz, N., van Dam, A.: Reading and Writing the Electronic Book.Computer, 18(10). 15-30. 1985.[Yank]Yankelovich, Nicole: Hypermedia Bibliography. Unpublished report from the Institute forResearch in Information and Scholarship (IRIS), Box 1946, Brown University, Providence,Rhode Island 02912, or via electronic mail �ny@iris.bitnet� or�ny%iris.brown.edu@relay.cs.net�.[Youn86]Young, Jeffrey, S.: Hypermedia. In Macworld. March 1986.