CAR-TR-675 August 1993CS-TR-3090HyperTools for HyperTexts:Supporting Readers of Electronic documentsKent NormanDepartment of PsychologyUniversity of MarylandCollege Park, MD 20742, USAandPatricia WrightMRC Applied Psychology Unit15 Chaucer Road, Cambridge CB2 2EF, EnglandRunning Head: HyperTools for tasks with texts

ABSTRACTThe most important factor determining the usability of electronicdocuments (e.g. hypertexts) is neither the set of links within the material northe structure of the database but the availability �hypertools� defined as a vastrange of electronic tools to support a diversity of reading activities. To illustratethis point, an analysis is undertaken of reading done for the purpose of usingthe information within a document to assist in tasks involving planning,decision making, and problem solving. Secondly, many readers start with thegoals of finding, comparing, and evaluating information. Tools can help themrealize these goals by supporting the activities of searching, collecting, andmanipulating information. Other tools help people explore task requirements,enable them to preplan details of their interaction with the text, enhance theiruse of other tools, and optimize their screen-based working environment. It isargued that the support available for people working with electronic texts willnot only offer many of of the functions available to readers of printed text, butelectronic tools will also offer functionality that has no close counterpart inprinted media. Consequently, hypertools will change the way readers dofamiliar tasks and facilitate tasks which are exceedingly difficult to accomplishwhen working with information on paper.

1.0 IntroductionThe purposes of reading are as diverse as the materials read and the activityof reading often not the end in itself but a means to an end. The present paperfocuses on the activities that take place when readers have some goal which thetext content is helping them attain. These goals may involve making decisions,diagnosing faults, composing new documents, and solving problems. Forconvenience, such task-driven reading will be referred to here as serious readingto distinguish it from casual browsing or reading for relaxation orentertainment. When people are engaged in serious reading, the actualcomprehension of the material is only one of the many activities theyundertake. Typically people use a variety of tools so that their reading activitiesadequately support their reading objectives. This is evident for printedmaterials where readers may use tools such as highlighting pens, bookmarks,notes they make, dictionaries, and indexes. The equivalents of such tools will bewanted by those working with electronic documents. However, with computer-based tools it is possible to provide much more powerful support for the variedand cognitively complex tasks in which information is both the raw input andthe final product. Such tools take advantage of the processability of electronictext.Electronic documents are not all alike. They include linear texts generatedby word processors, databases generated by file management applications,hypertexts generated by architectures that facilitate the creation of links amongitems of information (cf. Conklin, 1987), and hypermedia where sound andanimated graphic displays supplement the written information (cf. Ambron &Hooper, 1988; Laurel et al., 1990). Serious reading may engage any one of thesedocument types, so issues about the development of tools that support readingwill apply to a broad range of computer-based documents. Much of thefollowing discussion will be illustrated with reference to hypertexts for tworeasons. This is a domain where the need for tools that support readersworking with electronic documents can be clearly seen (e.g. McAleese, 1989;McAleese and Green, 1990; Shneiderman & Kearsley, 1989). It is also a domainwhere there exists research evidence relating to some of the constituentactivities of serious reading tasks (e.g. Marchionini, 1988).A concrete example of the kinds of serious reading task being addressed herewill help to make salient the categories of tools that could be useful to readers.Consider people who intend making a day trip to a large city and who haveaccess to a hypermedia database about the city. A visitor to Glasgow, Scotland,for example, may access the hypermedia database Glasgow Online (Baird &Percival, 1989). Such visitors may have agendas that include key places theywant to visit (e.g. a museum, an art gallery, a park) and things that they want todo which may not be totally place specific (e.g. see a play, buy a book). There mayalso be highly underspecified items on the agenda, such as the intention to havelunch but no strong preference about what to eat or where. Converting thisoutline agenda into a detailed timetable for the day may be hampered from theoutset by queries about opening times or how to get from one place to another.

The visitor’s main task is to accommodate as many of the key items as possiblewhile satisfying the subordinate goals appropriately. Although relevanthypertexts exist for such tasks (e.g. Baird and Percival, 1989; Hardman, 1989),their use in decision-making and planning tasks has yet to be adequatelyexplored. Readers probably begin by seeking information about these items towhich they have assigned high priorities. They may then pause to collate theseitems into an interim schedule before returning to the document to seek moreinformation, perhaps about less important events or perhaps informationrelated to that already found (e.g. the proximity of a bus stop or car park).As iterations continue, the compiled schedule for the day may needmodification in order to accommodate new information. Processes ofcomparison and sequencing of the items found become part of the reader�sproblem solving activity. The behaviour engaged in after relevant informationhas been collected will here be referred to as manipulating the information.From this example it can be seen that when planning a day in town, readers startwith the goals of finding, comparing, and evaluating information, which theyrealize by engaging in activities such as searching, collecting, and manipulatinginformation from one or more documents. Each of these three activities can becognitively very demanding if attempted without any form of assistance. Evenfinding relevant information about different destinations means keeping trackof one�s progress through a mental list of search targets and remembering theoutcomes of each search. Fortunately, for electronic documents there arecomputer-based tools that can be provided to reduce the mental load onmemory and decision making processes. Table 1 lists some of the cognitivedemands of the three subtasks of serious reading, together with some of thefunctionality of potential tools that could reduce these demands.- - - - - - - - - - - - - - - - - - - - - - - Table 1 about here- - - - - - - - - - - - - - - - - - - - - - -Although planning a day in town may seem a special and perhaps ratheratypical use of electronic information, its multivariate character gives it many ofthe features of other serious reading tasks. It has been shown that most of thereading done in the context of work is some form of "reading to do" (Sticht,1985). Finding, collecting, and manipulating information are normalconstituents of this kind of reading (Wright, 1983). The three sets of readingprocesses highlighted by the example of spending a day in town are acommonplace experience both inside and outside the workplace. Theseprocesses are called into play by those making multi-dimensional decisions (e.g.about major purchases such as a car or house), by many who consult referencematerials (e.g. to name an unfamiliar bird or flower), by people engaged inplanning activities (whether vacations or careers). Finding, collecting andmanipulating information from documents are familiar activities to seriousreaders, even if they are not yet a major feature of the research literature onreading.

The reader�s need for supporting tools has been recognized by some softwaredesigners. Scrolling, string searching and sorting tools are common place inword processing and database applications. Hypertexts have prompted thedevelopment of tools that assist browsing, exploration, and discovery (e.g.Allinson & Hammond, 1989). This paper seeks to show that such tools arelikely to be needed in all electronic documents and that the potential of a vastrange of other tools remains to be exploited. Consequently hypertools refers tothe vast network of computer-based support that can be made available to thoseengaged in serious reading tasks.2.0 Navigation as a set of toolsThe problems of access and traversal through electronic documents are nottrivial (cf. Nielsen, 1990; Norman, 1991; Parunak, 1989). Complaints fromreaders about the difficulties of moving from place to place within computerdisplayed texts have been frequent. These problems have arisen even in lineardocuments, particularly if readers want to refer back to information they havepreviously read (Wright and Lickorish, 1984). Word processors and spreadsheetsinclude GoTo commands which enable readers to go directly to a designatedpage or cell. Indeed the designation can be made either by document features(e.g. page or cell number) or by the reader�s prior assignment of a marker.Nevertheless these kinds of navigation tools are less common in otherelectronic documents.In documents having a web structure, such as hypertexts, the difficultiesencountered when moving around can be much worse than in linear or matrixstructures. Readers may not only be uncertain about where they are but alsouncertain where to go next. Readers complain that they get lost (e.g. Edwardsand Hardman, 1989; Simpson, 1990). In part readers� difficulties have arisenfrom the use by document designers of embedded links in the text as a tool fornavigation through the material. Hypertext links are both the implicitstructural device that transforms the text into a meaningful network and theexplicit tool by which readers access the information within that network. Inprinciple these two functions can be separated. The hypertext database wouldthus contain the text and the links perhaps in the form of a standard generalizedmarkup language (SGML) and a separate navigation tool would make the linksexplicitly available via a rich diversity of access devices including tables ofcontents, indexes, glossaries of terms, diagrammatic overviews of the textstructure and string searching functions. These navigation tools differ in thefunctionality they offer. Some tools enable readers to move onward from screento screen; others help readers retrace their steps to previously displayedinformation; still others allow readers to jump from overviews or index entriesdirectly to the text.The range of navigation tools that exists suggests that what superficiallyappears as the same reading-related activity, namely moving within the text,might be better seen as a cluster of diverse activities which have not yet beenclearly articulated in contemporary models of the reading process. The advent of electronic documents makes this aspect of readers� behaviour more salient,and urges its incorporation within theories of reading. Certainly in someserious reading tasks it has been found desirable to provide a diversity ofnavigation options in order to meet readers� requirements (e.g. Salomon, 1990).The embedded links within a hypertext can be instantiated in many waysand can have very different display characteristics. Sometimes typographic cues,such as bold and italic type, are stripped of their conventional meanings andreassigned to navigation functions. For example, a phrase in bold face maysignal to readers that additional information can be seen by clicking on thisphrase (e.g. Shneiderman, 1989). On the other hand, designers could takeadvantage of the conventional meanings of typographic cues by associating theirconnotation with the type of link provided. For example, parenthetic citationscould be used to go to that reference. Moreover designers are inventing newtypographic cues with new meanings such as boxes, pointers, and animatedwords. Embedded links may only become apparent when requested by readers(e.g. GUIDE“). Readers might wish to create their own personal routesthrough the text, routes which they could re-navigate whenever they wanted(Chin, 1989). This might be done on either a temporary (e.g. task specific) or apermanent basis. Such functionality requires new tools and perhaps also newskills being made available to readers.There are important issues about the integration of navigation control withthe display(s) of the text content. For example, navigation options can be eitherembedded in the text itself or integrated with the syntax of the screen displaysurrounding the text but separate from the actual content matter, or allocated toa completely independent window. Design differences such as these will havepsychological implications. Wright and Lickorish (1990) showed that there werecircumstances where restricting navigation to a table of contents was not onlyacceptable to readers but they preferred it to using links that were integratedwith the screen display surrounding the text. However, even for these readers,changing the content and structure of the information changed their preference.At present these issues can be raised but we lack the deep understanding ofserious reading that would allow us to resolve them.Something of the flavor of the psychological importance of differentnavigation styles can be seen with reference to the earlier example of a visitorseeking to spend a day in town. The reader who is moving from a text location,such as the description of a special exhibition within a museum, to check on theopening time of that museum, may feel quite a different transition from thatmade when checking what is happening at another museum. Furthermore,both these moves may feel different to the reader from going to an electronicmap to check where the nearest bus stop is. These feelings may derive from theorientation imposed by the task rather than being a property inherent in the textstructure. However, it is not necessarily a low level description of the taskactivities that will capture this adequately. In procedural terms these differentkinds of information may all be the same number of clicks/choices away fromthe reader�s starting point, but the psychological distances can differ greatly.Varying psychological distance may influence readers� willingness to make the transition. Creating adequate interfaces for hypertexts may require a detailedunderstanding of readers� information seeking behaviour. A promising start inthis direction has already been made by Guthrie (1990) who presents a model ofhow users search electronic documents.DeRose (1989) has shown how varied the semantic links can be within adocument, and so has emphasized that not all links are equal. Readers may findit helpful if the display of these navigation options reflects something of thepsychological closeness of the destination. This could be done either byproviding similar tools (e.g. buttons at the side of the screen) in visuallydifferent forms, or by providing completely different tools for the different kindsof movement (e.g. embedded links to pop-up displays for psychologically closedestinations (Stark, 1990); margin buttons for movements up and down thehierarchy; and either maps or cross-reference cues as ways of reachingdestinations further afield). In time, conventions for navigating in electronicdocuments may become established. At present readers are usually faced withlearning the ad hoc conventions of the document they are trying to use.Working simultaneously with more than one document, created by differenthypertext designers, can therefore be a taxing adventure. The functionality of navigation tools is likely to be reflected in theprofessional affiliation of those who provide them. The author of a text may beresponsible for creating the embedded links within that text and perhaps alsoproviding some form of overview or table of content. In contrast, third partyvendors could provide software for generating indexes and might supply someof the non-embedded navigation aids. SuperBook“ offers one example of justsuch a division of labor between author and the provider of additionalnavigation assistance (Remde et al. 1987). Tools from third parties areparticularly valuable as a resource for dealing with materials which havealready been written, or which are being written primarily for printeddistribution but are available electronically.The main purpose of navigation tools is to allow readers to move withinthe document looking at information in various locations. As such, navigationresources are one means of finding information. However, the complexity ofmany search tasks means that a range of other tools are also needed to assistreaders locate the material they seek (see below). Moreover, as we have alreadynoted, in serious reading searching for information is but one of severalactivities that readers engage in. They may also wish to move through theinformation they have collected, and go back and forth among differentorganizations of this information. So navigation support is also likely to befound within or associated with other tools as suggested in Figure 1. Thereforethe emerging picture of the support that hypertext users need is of sets of tools,each set clustering around the reading activities it assists. Some of the ways inwhich a variety of reading aids may be linked to each other will be consideredlater in the discussion of tools that can help readers plan and co- ordinate theirreading activities. Before this, it is appropriate to examine the kinds of tools thatare needed to support readers� activities of searching, collecting andmanipulating information.

- - - - - - - - - - - - - - - - - - - - - - -Insert Figure 1 about here- - - - - - - - - - - - - - - - - - - - - - -3.0 Searching for relevant materialA great deal is known about the difficulties of formulating queries so thatthe information wanted is the information found by a particular search(Dumais, 1988). Some on-line systems respond to this problem by having ahuman intermediary help people hone their queries and maximize theirchances of success. Without such help it is easy for searchers to either define thesearch target so narrowly that many relevant items are missed, or define thetarget so broadly that the information being sought is swamped by a mountainof irrelevant material (cf. Lesk, 1989).The kinds of search tools required will depend on the specificity of thetarget. At one end of the specificity continuum, it may be possible to use a stringsearch to find the few instances of an easily specifiable target (e.g. thewhereabouts of Picasso exhibits). However, not all targets that can be wellspecified are amenable to string search (e.g. the time of the last train home).Here readers may be able to rely on navigation tools that allow them to go fromeither a table of contents or some other map of the document structure to thoseparts of the text most likely to contain the information wanted. It becomes anatural extension of this kind of search support to enable movement to be madedirectly, perhaps by selecting text locations from a range of clickable indexes orglossaries without having to remember and interpret intermediate textlocations. Wright (1990) provides a more detailed outline of the functionalitythat could be provided within a range of search tools for use in locating differentkinds of targets.At the other end of the continuum of target specificity readers may havelittle knowledge about what they are looking for (e.g., something to do beforethe play starts). When the search target is ill-defined, tools which support freebrowsing and which offer overviews or content maps or even guided tours maybe very helpful. Husic (1989) has coined the phrase goal directed browsing todescribe this kind of reading activity. The network of links within hypertextsmay be a particularly useful way of instantiating tools to support such searching.Laurel et al. (1990) have shown how the help of a guide which selectivelyhighlights just some of the embedded links can improve the quality of readers�browsing. Other kinds of tools may help readers formulate their query moreprecisely. Norman and Chin (1989) introduced the metaphor of a server as anintelligent mediator to guide menu selection processes much as a helpful waitermay in a restaurant. This advice might be given indirectly (e.g., by providinginformation about the document content) or more directly by engaging readersin a preliminary dialogue about their main task and reading objectives. Bothforms of advice giving point to the need for some intelligent tools, a feature which will be discussed later in relation to aids that help readers plan theirinteraction with the text.Even when the search target can be clearly specified, readers may needassistance in modifying this target. People may need to be reminded of theimportance of checking synonyms and related words, as well as searching onroot morphemes (e.g., communic rather than communicate orcommunication). Knowing how to exclude those senses of the word notcurrently wanted (e.g., avoiding train in the locomotive sense and finding onlythose instances of its educational meaning) can be even more difficult forreaders. Yet the many thesauri currently in electronic form, offer a basis forcreating tools which will respond to the readers� search command by promptingthe reader with synonyms and modified targets which can be included or not asthe reader sees fit. A sophisticated evolution of this approach has been formallyproposed as Latent Semantic Indexing (Dumais et al., 1988). Perhaps in time theavailability and use of such tools may become as commonplace for the readers ofelectronic documents as dictionaries are for those who read printed texts.Even when readers know precisely what they are looking for, problems canarise if the search yields no apparent instance of that target. For example, thevisitor to town who is seeking a pizza for lunch near a particular museum mayfind no perfect match with the criteria of pizza + location. Computer-basedtools could offer content driven suggestions about the likely consequences ofrelaxing criteria. Readers could be told how many targets would be found ifpizza were changed to include other fast food places or if the location weremoved. Without such help many searchers would have to start again in analmost blind fashion if the first search failed (Norman and Butler, 1989).Target specificity is not the only factor which contributes to people�sdifficulties in finding material relevant to their reading objectives. Readers mayknow how to formulate their query but lack the mental capacity to apply thatknowledge, perhaps because of other concurrent task demands. Readers�capacity limitations are often related to memory processes as enumerated inTable 1. Consideration of memory processes points to a cluster of problems thatreaders face: (a) remembering whether all of the intended locations within thetext have been searched, (b) remembering what was found at those locations, (c)remembering where they have found relevant information in case they want tocheck it again. Search tools can offer assistance with the first of these problemsby maintaining lists of the searches which can be matched against actual searchattempts, hits, and locations. Assistance with the second problem, rememberingwhat was found, requires the development of data collection tools as argued inthe next section. Solving the third problem suggests the need for a differentcategory of data collection functions, namely tools which create collections ofvalued locations within the text rather than of the text content.4.0 Collecting the information found

Search tools have both an input and an output. So far we have consideredthe input problems (i.e, how readers specify what they want to find). From theperspective of their output, search tools fall broadly into two classes: (a)PICKERS: these pick and extract items out of the text and present them instorage locations outside the text (e.g. clipboards or notebooks), (b) POINTERS:these point to items and enable readers to return to locations in the text whererelevant information was found. Figure 2 illustrates the general nature of bothtypes of tools.- - - - - - - - - - - - - - - - - - - - - - -Insert Figure 2 about here- - - - - - - - - - - - - - - - - - - - - - -The category of tools depicted in Figure 2a creates a collection of itemsfound. This can be particularly useful when readers want to compare thecollected items either with each other or with material in the source text. In aminimal way this is what the clickable notemaking facility of Wright andLickorish (1990) accomplished. In that instance the information copied from thetext gave only the details of a shop and the price being charged for a certainproduct. In principle the technique can be extended to copy much longersections of text. By enabling serious readers to separate the activity of datacollection from subsequent considerations of the items collected, extraction toolscan reduce the load on readers� working memory.In general, the information collected by readers could be displayed inseparate collections rather than as a single compilation (e.g. museums, theaters,restaurants could be separated as they were collected). Extraction tools may beparticularly useful when the information obtained from the text needs to beintegrated with other material as part of the superordinate problem solving task.Whenever copies are made these may either sever the dynamic links that theyhad within the main text or they can retain them. Keeping the links solves theproblem of returning to the original text. Indeed the "copy" may be a virtualwindow into the text itself. However, this can limit the usefulness of the tool.On the other hand, if the extracted information duplicates the source material,then the possibility exists for readers to create further links within this privateworkspace, and add new annotations to this copied information, without in anyway perturbing the source text.When large amounts of information are extracted, either in one "copy" orwhen numerous copies are made, other design issues arise. Just creating acollection of items will seldom be enough. In order to be able to use thisinformation to reach some decision, readers will also need navigation tools formoving through the collected items. Navigation support is a more immediateproperty of the pointer tools as shown in Figure 2b. Among the advantages ofpointer tools are that the items found can be read in context and readers canconduct further searches from the location of any item found. Existinghypertext systems have instantiated pointer tools in many different ways. Forexample, SuperBook“ integrates the results of any search with the display ofthe table of contents. This shows how the target�s frequency of occurrence varies throughout the document (Remde, et al., 1987). In contrast, HyperCard“displays the results of a search in a single window, where the location of onlyone retrieved item can be seen at a time. Not even the number of targets foundis displayed for the reader, who must therefore check through all the places inthe retrieval list hoping that the desired information will be located.NoteCards“ has the potential for graphically showing the semanticrelationships among the items found, or at least the relationships of these itemsto some view of the text structure (Marshall and Irish, 1989). This may wellhave advantages over the more conventional table of contents, but even forfairly small documents it is not obvious that untutored readers will have theability to make good use of this richer display. For larger documents,particularly those with irregular web structures, creating a usable overview canbe very difficult.The most familiar pointer tool is perhaps the bookmark. This differs fromthe pointer tools considered so far in that it requires deliberate placement by thereader, rather than being an automatic output of the search activity. Bookmarkshave been included in some hypertext systems (e.g., Benest, 1990) as well as in arange of word processing applications (from Wordstar“ to Nisus“). In termsof their display characteristics, electronic bookmarks can differ in many ways.Bookmarks may all be visually identical (this is usually the case in wordprocessing applications), or readers may be able to assign different typographicnotations or even different icons for different purposes. This would parallel thefunctionality of extraction tools that allow separate collections to be formed.Another way in which bookmarks can be divided into categories by readers isthrough annotations. Sometimes bookmarks are numbered, but often thisnumbering is determined by serial order of assignment and readers may haveno control over the numbers used. If readers have to rely on non-informativebookmarks as a way of moving within the information they have collected thiscould be cognitively onerous, particularly for reading tasks relating tomultiattribute decision-making (e.g. remembering which order of visiting themuseum and the art gallery fits in with having a pizza for lunch). Thecognitive costs of interrupting search activities to create more informativebookmarks are not yet known. As we have mentioned, data gathering tools,whether extraction or revisiting, can either be manual or automatic. If they aremanual, they require readers to explicitly "collect" the data or leave a bookmarkeach time a relevant item is found. In contrast, sophisticated tools wouldenable the data to be picked up automatically and routed to prescribed storagelocations. Such tools free readers from having to remember to copyinformation every time an item is found, but they require people to understandtheir data collection needs well enough to be able to plan their data gathering indetail from the outset. Ill-defined tasks, such as planning a day in town, maynot be able to benefit from the more powerful automatic tools.Path tools which kept track of places visited in the hypertext network canalso be used as pointer tools. For example, in HyperCard“ the �recent� optiondisplays up to 42 of the last cards visited and allows the user to go directly to anyone. Such tools create collections of found data. Path tools can also be used tomanage collections of data by providing tours through the data that has been found. For example, in Glasgow Online a visitor to the city could use a path toolto create a tour through the places that he or she is planning to visit during theday. Multiple paths could be generated as sets of packaged tours. Visitors to thecity could explore these tours and decide on the one that they liked best. Data collection tools are particularly important when several targets areinvolved. Readers need support in gathering the desired information anddiscarding that which is not needed as a preliminary part of the decision makingprocess. Data collection tools will also help even when only a few targets areinvolved if each target results in several "finds", any number of which may berelevant to the current task. In some instances it may be hard to tell whether aparticular item of information is going to be wanted or not. For example, inscanning a list of restaurants for somewhere to eat there may be several"possibles," some "definitely nots," but no "definite yeses". This emphasisesthat collecting the information is not the end of the reading activity. Afterseveral items have been collected readers may want to perform additionaloperations on this data, or on the pointers to it.Not all forms of serious reading will involve data gathering operations.When the reading objective requires finding only a single target (e.g. thetelephone number of the theatre) and a single match to that target is found inthe text, then the information may not need to be "collected" in any tool-intensive sense. However, if the information is to be combined with othercomputer- based functionality (e.g. a dial-up modem) then the ability to transferthe information across applications will be needed. Furthermore, such data mayserve as the input to other applications such as spreadsheets that manipulate theinformation and combine it with other information.5.0 Data ManipulationMany of the tasks that give rise to serious reading require analysis, synthesis,restructuring, or evaluation of the information collected. Readers who accesstexts for the purpose of making decisions and solving problems will becollecting information about what alternatives are available, what attributes arerelevant, what the consequences will be of various courses of action, whatobstacles must be overcome, and what constraints exist. A number ofsophisticated computer-based tools for decision making and problem solvingexist (e.g. MacLean and Sol, 1986) and their relevance to serious reading will beconsidered below. But the kinds of data manipulation that could be useful toreaders include many simpler tools. Readers may want to sort the collectedinformation in various ways. For example, the visitor to town may want to binitems into categories such as museums, theaters, and restaurants. Hereattributes of the text semantics can be easily used to automate the process. Thisis less easy when readers want to rank order items on composite or subjectivecriteria such as cost, distance, and attractiveness. Such sorting will often requiremanual intervention by readers after the data have been collected.

Tools for sorting and classifying by user-defined criteria may be essential formanaging large data sets where the amount of information collected is beyondthe capacity of the reader to either remember or process without assistance. Atpresent such functionality is missing from most hypertexts. The assumptionseems to be that readers will take their collected information and go elsewhereto make their decisions. The current foreshortening of the range of readingactivities that are possible within the hypertext is unfortunate because, duringthe course of manipulation, readers may discover that insufficient informationhas been gathered. If additional material needs to be located, readers will wantto be able to return to the original text easily. For electronic documents read onmultitasking operating systems this may not be a problem. The development ofso called hot links between applications may offer another solution for sometasks. The point is that serious reading may involve repeated iterations of theactivities of searching, collecting and manipulating information. Forconvenience the present paper will deal only with a single iteration.In discussing different categories of tools for manipulating the collectedinformation (simple tools for categorizing and displaying groups of items;aggregation and decision support tools; reauthoring tools), it becomes evidentthat the output from these categories differ from each other. This is shown inFigure 3, where the variation in output serves to emphasize that these differenttools support the different goals that serious readers have.- - - - - - - - - - - - - - - - - - - - - - - Insert Figure 3 about here- - - - - - - - - - - - - - - - - - - - - - -Although computer-based support for decision making and problemsolving already exists, few of these tools are available to the readers of electronicdocuments in an integrated, seamless way. Indeed this paper�s theme concernsthe need for tools that support diverse reading activities. This theme isconsonant with other suggestions that the slow spread of information inhypertext form has been partly due to the failure to integrate hypertexts with theother computer-based applications that readers may be working with to achievetheir superordinate task goals (Meyrowitz,1989). Hypertext documents providereaders with access to relevant information but they do not help readers collectand manipulate that information easily, nor do they facilitate its integrationwith other software. As a start, making available to readers a toolkit of datamanipulation functions would greatly reduce the cognitive effort required inusing analytic methods. This in turn should enhance the quality of thedecisions reached.The nature and amount of data manipulation required will be specific toparticular tasks. Consequently, readers will have to customize themanipulation tools. For those inexperienced at serious reading it will probablybe beneficial to provide templates for reformatting or manipulating theinformation. For example, a town visitor wishing to make a historical tourmay collect information about historic events and the dates of buildings orfamous inhabitants, and may want the collected information displayed in a way that shows these collected items relative to landmark historical events (e.g. ageof historical buildings relative to the Protestant Reformation). While theavailability of customizable displays of this kind is undoubtedly an asset,programming such data formatting tools places an added burden on readers.They now have to understand not only the rationale for manipulating the databut they must also be able to operate the method(s) for sophisticated analysis ofthe data. It seems likely that skills in using tools that support reading activitieswill become a hallmark of serious readers.When readers carry out several searches they will sometimes want tointegrate the results of these separate search activities, whether they wereconducted on the same or on different texts. Moreover, it may not be thecollected information itself which is of interest, no matter how it is displayed,but rather the reader�s decision making may relate to the product of someoperation performed upon this information. Perhaps total cost of the day intown is a constraint on what can be done. So data aggregation tools are needed.In some instances, e.g. where the information found is quantitative, theseaggregation tools might be able to combine the outcomes of separate searches toproduce an overall picture. The increasing potential for providing the output ofaggregation operations in graphic and pictorial forms may facilitate the use ofinformation resources by those who otherwise find multiattribute decisionmaking very difficult. Certainly calculating averages or finding modal valueswhen the data are numerical is trivial for the computer and can be very helpfulfor the serious reader.It has been mentioned that there already exist powerful decision supportsystems and problem solving aids. These fall into three broad classes. In orderof increasing complexity these are: decision analysis, multiattribute decisionmaking, expert system problem solving. All systems are based on processing ofthe information deemed relevant according to a theoretical approach or astandard analytic procedure. In decision analysis, for example, alternativecourses of action (e.g., to visit X or to visit Y), possible states of the world (e.g., Xmay be closed or Y is nearby), and an associated set of probabilities and payoffsare analyzed and searched for the optimal choice on the basis of Bayesian andexpected utility theory (Edwards, 1961). In multiattribute decision making, a setof available alternatives is listed with their associated attributes and the utility ofhaving those attributes. The information about each alternative is aggregatedaccording to multiattribute utility theory and the alternatives are subsequentlyranked according to their overall weighted utilities (Slovic and Lichtenstein,1971). Finally, in expert problem solving, such as fault diagnosis and anomalyresolution, information collected may be a set of possible states, actions, andgoals (Schank and Riesbeck, 1981). The expert system would act on thisinformation to search for a possible solution and/or to request additionalinformation. Because expert systems require domain specific knowledge, theywill be developed for subgroups of serious readers rather than being widelyavailable. However, the other two categories of decision support (decisionanalysis and multiattribute decision making) could be made generally available,once it was appreciated that much serious reading is done for the purpose ofdecision-making. Indeed it is worth noting that from the standpoint of the needs of the serious reader, the separate psychological domains of problemsolving and decision making become very blurred. This affords anotherexample of how the focus on human-computer interaction can suggest that newperspectives are sometimes needed on traditional psychological issues (cf.Wright, 1989).One important aspect of the activity of information manipulation can be thereaders� need to keep track of which manipulations have been considered andwhich still have to be implemented. For some kinds of problem solving therecan be intermediate solutions which, even though unsatisfactory andabandoned, can contain fragments that will form part of the final solution. Itcan be one of the disadvantages of an electronic medium that the problemsolver may over-write these early incomplete and unsatisfactory solutions.When doing a similar task using paper, people will tend to start afresh on anew sheet of paper when one line of attack looks unpromising. As aconsequence, the earlier solution attempts are preserved, without any deliberateeffort on the part of the problem solver. Work by Black (1990) suggests that thisrecord of prior problem solving activity can be very important in supporting thecreative performance of typography students creating a page layout. Tools havebeen built that address this problem, tools such as the Designer�s Notepad(Sommerville, et al, 1990) which allow users to designate any partial solution asa node from which they can then branch out in one or more directions. Thebenefits of such manipulation tools are likely to extend beyond informationwhich can be thought of as design history. Records of the manipulations madeand the products of those manipulations are likely to be found advantageous inmany multiattribute decision making tasks where iterations are required beforea final solution is found. Iterative problem solving, with changed parameters,can be seen even in tasks as simple as planning to spend a day in town. Eachattempt to plan the day requires an adjustment of what one is willing to give upin order to do something else.The focus on a visitor making a day trip to a city emphasizes the uses ofinformation where the final goal is independent of the originating source.However, if two people in different locations were planning this trip together,an important intermediate goal would be the creation of a new document,whether in electronic or printed media, that afforded the means ofcommunication between them. When material is being read in order to write,then further categories of tools for manipulating the collected information willbe needed. Information in the form of whole articles, portions of text,selections of graphics, and links between objects can, in principle, be collectedand reworked. Sometimes the original information provider may have hadsubsequent multiple uses in mind. For example, a technical reference manualmay yield much of the core information around which a training manual islater created. Where the output of information manipulation is an electronicdocument, the operations involved may include cutting and pasting,reorganizing and relinking, and even writing new material. The kinds of toolsrequired will include authoring tools, particularly hypertext authoring tools,where concepts can be freely linked to serve some current purpose. Useradaptations of hypertexts have been studied by Chin (1989) whose work suggests that sometimes it can be better to create new links rather than use multiplecopies of sections from the source material. Again the ability to integrate thedata collected with other computer-based applications (e.g. word processors orspreadsheets) will be a necessary functionality for some re-authoring tools.There are many issues, both cognitive and legal, that have yet to be addressedwhen it comes to recycling the information gleaned from electronic documents.6.0 Tools for PlanningSerious reading tasks require that people start out with some kind of planconcerning how to accomplish the task. These plans may not be very explicit,and not necessarily detailed, but they have to include notions about whatinformation is being sought, how it will be found, and what will be done with itonce it has been found. Sometimes previous plans can be rerun if tasks of abroadly similar nature are repeated. Sometimes the hasty problem solver mayuse default plans (e.g. a default plan for finding and collecting information maybe to browse, noting down items of interest). However, there will be tasks forwhich new plans must be devised. Planning tools share with navigation toolsthe potential for being either completely separate from other reading tools orbeing highly integrated with them.In order to formulate a detailed plan, readers must understand the task,know the resources (e.g. tools) available, and evaluate alternative methods ofattack. Among the less sophisticated forms of support for planning activities,hypertexts can provide users with information about (a) the structure of thedatabase, (b) the range of available tools, and (c) a set of general guidelines orprinciples for approaching the problem. Such assistance has its parallel inprinted materials - e.g. student textbooks that advise on how they may best beused. However, computer-based tools can enhance readers� planning behaviourin much more powerful ways. In particular, planning tools can act as intelligentassistants which help readers transform their goals of finding, comparing anddeciding into the activities of searching, collecting and applying criteria (cf.Carlson and Ram, 1990). Although there already exist demonstrations ofintelligent support for navigation within hypertexts (Boyle and Snell, 1990), themajor advantage of an intelligent planning assistant is that it can suggest how todo the task as well as provide tools for actually carrying out the plans oncemade. These two aspects of planning are depicted in Figure 4. For example,people who infrequently use large information resources do not necessarilyknow how to use them well. They may even be unaware that certain tools exist.Consequently, readers may welcome several kinds of advice about (a) how tosearch (e.g., even the Yellow Pages give see also advice), (b) what information tocollect, and (c) how to manipulate information collected from the text.- - - - - - - - - - - - - - - - - - - - - - - Figure 4 about here- - - - - - - - - - - - - - - - - - - - - - -

Giving readers advice on where to look for a well- specified target isrelatively straightforward and was discussed earlier in connection with searchtools. Helping people structure their tasks and refine their goals so that theymake best use of the information resource can be much harder, althoughinroads are being made into such problems (e.g. Pavlin, 1990). The need forguidance in doing the task is apparent when considering visitors to town whofirst decide where to have lunch and then discover that they are too far from themuseum to get there before it closes. Helping readers understand theimplications of relaxing criteria, or resequencing the order of their decisionmaking, may call for advice-giving aids which can use a knowledge of the text asa basis for their advice, rather than offering context-free general solutions.Before such intelligent assistants can give powerful advice about ways of doingthe task , it may be necessary for readers and planning assistants to develop acommon language for discussing tasks, hopefully with a greater capacity forDoing What I Mean than is evident with many software tools at present.As well as helping readers structure their task at the level of goals andsubgoals, planning tools can also help readers cope with the constituent readingactivities themselves, i.e. the details of their interaction with the text. For tasksthat have been done many times previously, the nature of this support can beunobtrusive. Once the reader has specified the plan to be used, the planningdevice may change the tools subsequently available for certain activities. Forexample, if a timetable is being planned then the data collection andmanipulation options may be only those relating to the organization ofinformation on a time line. The unobtrusiveness of this kind of support canreduce the cognitive complexity of the task by removing some of the elementsof choice. Nevertheless, there may be cognitive costs in learning how to set upsuch plans and in understanding when it is most appropriate to use them. Forless familiar tasks, planning tools can provide readers with insights into thedocument content and its structure. Moreover, this can be done in a way that issensitive to the context of the reader�s current objectives. Such insights mayhelp people understand what can and cannot be found easily and so modifytheir way of searching the text. At times there may be a need to tailor the adviceto individual differences in readers� knowledge. For example, the planningtools may advise readers with certain experience that they have no need to reada particular section. In other instances generic information about the contentwill suffice. This would correspond to the kind of advice that might be found inthe introduction to a printed document, (e.g., this material will help readerschoose a suitable training course, find somewhere to live, discover local musicalevents).Once readers know which sections of the text they want to look in, theycould have a destination planner which allowed them to predesignate theselocations of interest and then hop from one to the other. Such a tool wouldreduce the memory load, in that readers do not have to remember where to goor even check where they have already looked. Work currently being done byWright and Lickorish suggests that inexperienced readers of electronic textswelcome such a tool and have no difficulties in using it selectively, i.e. just for problems making heavy demands on their working memories. In printeddocuments there is no counterpart to this task specific hopping functionality.When the problem solving involves iterative cycles of searching, collectingand manipulating, then deciding where to go may depend on knowing whereone has already been. In printed materials the serial order of the pages andvisual landmarks within the text may provide cues that remind readers wherethey have looked. Peoples� non-linear progress through electronic documentsoften lacks many of these cues. So hypertext users require the support of toolsthat may be unnecessary for printed materials; but hypertexts also offer usersthe potential of bringing to bear powerful tools which have no counterpart forpaper-based information. The extent to which the use of such novel andpowerful tools may have important consequences for human problem-solvingand decision making cannot even be conjectured at this stage (cf. Engelbart et al,1973).Planning tools can assist not only with structuring the task and with findingrelevant information, but also with the collection and manipulation of thatinformation. For example, readers who wanted to know about eating placeswithin half a mile of a particular location could preplan that the results of sucha search would be displayed in a particular way. In this sense, preplanningappears to be an antithesis of the direct manipulation interface. This is notnecessarily the case. In direct manipulation, users manipulate representations ofobjects rather than the objects themselves. Similarly the activity of creating theplan may, given a graphical user interface, feel as direct a form of interaction asdoes manipulating the collected data.As the categories of tools that may be needed for serious reading increase, sothe interface for displaying the texts being searched, the sets of informationcollected and the products of manipulation is likely to involve windowingenvironments. Given the increasing complexity of multiwindowing systems,the issues about how window displays of private workspaces are related to eachother and how they relate to the display of the source material becomes anontrivial matter. Norman, Weldon, and Shneiderman (1986) suggest that thesurface layout of inter-related windows be made congruent with readers’ mentalmodels of their tasks or with other cognitive processing systems. Thus, thespatial arrangement of windows (e.g., left to right, overlapping top to bottom)might helpfully reflect the inferred relation of information sets (e.g., first to last,temporary workspace to long term results). Extending this idea, an intelligentplanning assistant could offer its services in tidying up a cluttered screen. Ofcourse the reader may need to have advised the assistant on a suitable schemefor tidying up (clearing away everything into the trash, or shrinking allwindows that have not been accessed for 5 minutes may not fit the reader�spreferred way of working). But the point is that planning ahead includesplanning the use of the working environment as well as the use of the textitself. This underscores the way in which the concept of hypertools is derivedfrom a careful consideration of serious reading. Hypertools are not just acollection of miscellaneous aids for using electronic documents.

7.0 ConclusionComputer-based interaction with electronic documents represents asignificant advance in reading technology. The economic advantages of massstorage in an electronic medium will increase the number of electronicdocuments available, but availability is not enough. The information withinthose documents needs to be accessible and easy to use. This paper hasintroduced the concept of Hypertools to denote a vast network of powerful,computer-based tools whose function is to facilitate the use of electronicinformation in serious reading tasks. It has examined the constituent activitiesthat arise when people undertake serious reading and shown that readers can begiven assistance in many, perhaps all, of these activities.Undoubtedly readers can experience difficulties when using informationfrom an electronic document in support of problem solving or decision makingtasks. Many of these problems relate to moving around within the material.Although navigation has been the major problem addressed by researchersconcerned with hypertexts it is but one of the tools within a much broaderrepertoire that can support the cognitive activities of the serious reader. Peopleinteract with texts because of goals they are trying to achieve. Their interactionwill typically involve reading activities such as finding, gathering, andmanipulating information from one or more texts. Printed materials have fewtools that are integrated with the text to assist readers in such tasks. Thisperhaps accounts for why the absence of adequate support has not been missedby the readers of electronic documents. But many of these tools already existwithin some computer application packages and could be made more widelyavailable. The importance of providing such assistance has seldom beenapparent either to those developing hypertext architectures or to authors usingthese architectures in order to make information resources available to readers.The need for a wide range of support tools becomes apparent when theconstituents of serious reading are examined in detail. Moreover, as peoplebecome more familiar with materials in a variety of electronic forms (wordprocessors, spreadsheets, databases) they will begin to expect that computer-basedtools available in one working environment are also present in another. Thereis no reason why this expectation should not be met. However, it lies beyond thescope of this paper to examine the issues relating to where the onus lies inproviding these tools (e.g. the information providers, the designers of databasesand hypertext architectures, independent software developers). Economic andpolitical factors will undoubtedly play a part in determining who seizes theopportunity to meet the needs of serious readers for adequate support.The present discussion of tools for enhancing the use of electronicdocuments has been illustrative rather than exhaustive. For multimediainformation resources, there will exist other tools and other categories of toolsfor supporting serious reading. In particular there is scope for the developmentof intelligent tools which can help readers structure their task and their workingenvironment, as well as helping them exploit the potential of simpler tools. Itwill be the existence of these powerful tools that will make hypertexts and otherforms of electronic documents such a valuable resource for the serious reader.

Undoubtedly readers will need to acquire skills in using these tools, and inunderstanding the demands and potential of multimedia databases. This iswhat Laurel et al (1990, p139) call "a new kind of information literacy". Perhapsthe advent of hypertools for hypertexts may in time lead to new insights intoserious reading.

NoteThis work was completed in part while the first author was a VisitingFellow at the MRC- Applied Psychological Unit, Cambridge, England and wassupported in part by a grant from AT&T to the University of Maryland. Theauthors wish to thank the following people for their insightful and helpfulcomments on an earlier draft of this paper: Thomas Green, John Lowson, GaryMarchionini, Ben Shneiderman, and Heather Stark.

REFERENCESAllinson, L. and Hammond, N. (1989). A learning support environment. InMcAleese, R. (ed.) Hypertext: theory into practice. London Intellect. Ltd.,ch.4, p. 62-74Ambron, S. and Hooper, K. (eds). (1988). Interactive Multimedia. Washington,DC: Microsoft Press.Baird, P. and Percival, M. (1989). Glasgow on Line: Database development usingApple’s HyperCard. In McAleese, R. (ed.) Hypertext: theory into practice.London Intellect. Ltd., ch. 5, p. 74-92.Benest, I. D. (1990). A hypertext system with controlled hype. In McAleese,R.and Green, C. (eds.) Hypertext: state of the art. London: Intellect Ltd. ch.6,p. 52-63.Black, A. (1990). Visible planning on paper and screen:the impact of workingmedium on decision-making by novice graphic designers. Behaviour andInformation Technology, 9, 283-296.Boyle, C. D. B. and Snell, J. (1990). Intelligent navigation for semistructuredhypertext documents.’ In McAleese, R. and Green, C. (eds) Hypertext: stateof the art. London: Intellect Ltd. ch.4, p28-42.Carlson, D. A. and Ram, S. (1990.) Hyperintelligence: the next frontier.Communications of the ACM, 33, 311-321.Chin, J. P. (1989). Fixed vs. dynamic user adaptable menus: Menu structure,search performance and subjective satisfaction. Paper presented at theHuman Factors Society, Denver, Colorado, October 1989.Conklin, J. (1987). Hypertext: An introduction and survey. IEEE Computer, 20,17-41.DeRose, S.J. (1989) Expanding the notation of links. In Hypertext ’89Proceedings. A special issue of the SIGCHI Bulletin, November 1989. p.249-257.Dumais, S. T. (1988). Textual information retrieval. In Helander. M. (ed.)Handbook of Human-Computer Interaction. Amsterdam: North Holland.ch 30, p. 673 - 700.Dumais, S. T., Furnas, G. W., Landauer, T. K., Deerwester, S. and Harshman, R.(1988). Using latent semantic analysis to improve access to textualinformation. Proceedings of CHI ’88. Special Issue of the SIGCHI Bulletin,p. 281-285.Edwards, D. M. and Hardman, L. (1989). Lost in hyperspace: cognitive mappingand navigation in a hypertext environment. In McAleese, R. (ed)Hypertext:theory into practice. London: Intellect. Ltd. ch. 7, p. 93-104.

Edwards, W. (1961). Behavioral decision theory. Annual Review of Psychology,12, 473-498.Engelbart, D. C., Watson, R. W. and Norton, J. C. (1973). The augmentedknowledge workshop. Proceedings National Computer Conference andExposition. New York, NY: AFIPS Press. p. 9-21.Guthrie, J. (1990) A model of document search. Paper presented at the AERAmeeting, Boston, April 16-20, 1990.Hardman, L. (1989). Evaluating the usability of the Glasgow Online hypertext.Hypermedia, 1, 34-63.Husic, F. (1989). A preliminary investigation of navigation patterns in the CHI’89 InfoBooth. Apple Computer Technical Report.Laurel, B. Oren, T. and Don, A. (1990). Issues in multimedia interface design:media integration and interface agents. In Empowering People.Proceedings of CHI ’90. Special issue of SIGHCI Bulletin, p. 133-138.Lesk, M. (1989). What to do when there’s too much information. Hypertext ’89Proceedings. Special Issue of SIGCHI Bulletin, November 1989.MacLean, E. R. and Sol, H. G. (eds.) (1986). Decision supports Systems: A decadein Perspective. North Holland: Amsterdam.Marchionini, G. (1988). Introduction to special issue on hypermedia.Educational Technology (Special Issue: Hypermedia), 11, 7-12.Marshall, C. and Irish, P. M. (1989). Guided tours and on-line presentations:how authors make existing hypertext intelligible to readers. In Hypertext’89 Proceedings. A special issue of the SIGCHI Bulletin, November 1989. p.15-26.McAleese, R. (ed.) (1989). Hypertext :theory into practice. London Intellect. Ltd.McAleese, R. and Green, C. (eds.) (1990). Hypertext: state of the art. London:Intellect Ltd.Meyrowitz, N. (1989). The missing link: why we’re all doing hypertext wrong.In Barrett, E. (ed.) The Society of Text: hypertext, hypermedia and the socialconstruction of information. Cambridge, Mass: MIT Press. ch. 7, p. 107- 114.Nielsen, J. (1990). The art of navigating through hypertext. Communications ofthe ACM. 33, 296-310.

Norman, K. L. (1991). The psychology of menu selection: designing cognitivecontrol at the human/computer interface. Norwood, NJ: Ablex.Norman, K. L. and Butler, S. (1989). Search by uncertainty: menu selection bytarget probability. (CAR-TR-432 and CS-TR-230) University of Maryland,Center for Automation Research and the Department of Computer Science,College Park, MD.Norman, K.L. and Chin, J. P. (1989) The menu metaphor: food for thought.Behaviour and Information Technology, 8, 125-134.Norman, K.L., Weldon, L.J. and Shneiderman, B. (1986). Cognitive layouts ofwindows and multiple screens for user interfaces. International Journal ofMan-Machine Studies, 25, 229-248.Parunak, H. van D. (1989). Hypermedia topologies and user navigation’Hypertext ’89 Proceedings. Special Issue of SIGCHI Bulletin, November1989. p. 43-50.Pavlin, J. (1990). Task-aware user interfaces. SIGCHI Bulletin, 22, 55-60.Remde, J. R., Louis, M. and Landauer, T. K. (1987). Superbook: an automatictool for information exploration - hypertext?’ In Proceedings of Hypertext’87. University of North Carolina, Raleigh, NC.Salomon, G. (1990). Designing casual use hypertext: the CHI ’89 infoBooth. InEmpowering People. Proceedings of CHI ’90. Special issue of SIGHCIbulletin, p. 451-458.Schank, R. C. and Riesbeck, C. K. (1981). Inside computer understanding: fiveprograms plus miniatures.’ NY, NY: Lawrence Erlbaum Associates.Shneiderman, B. (1989). Reflections on authoring, editing and managinghypertext. In Barrett, E. (ed.) The Society of Text: hypertext, hypermediaand the social construction of information. Cambridge, Mass: MIT Press.ch. 8, p. 115-131.Shneiderman, B., & Kearsley, G. (1989). Hypertext Hands- On! Addison-Wesley, Reading, Massachusetts.Simpson, A. (1990). Lost in hyperspace: how can designers help? IntelligentTutoring Media, 1, 31-40.Slovic, P. and Lichtenstein, S. (1971). Comparison of Bayesian and regressionapproaches to the study of information processing in judgement.Organization Behavior and Human Performance, 6, 649-744.Sommerville, I., Haddley, N., Mariani, J. A. and Thomson, R. (1990). Thedesigner�s notepad - a hypertext system tailored for design. In McAleese, R.

and Green, C. (eds.) Hypertext: state of the art. London: Intellect Ltd. ch. 29,pp. 260-266.Sticht, T. (1985). Understanding readers and their uses of texts. In T.M. Duffyand R. Waller (eds.) Designing Usable Texts. Orlando, FLA: Academic Press.ch. 12, p. 315-340.Stark, H. (1990). Pop-up display. Proceedings of Interact, Cambridge.Wright, P. (1983). Manual dexterity: a user-oriented approach to creatingcomputer documentation. Human Factors in Computing Systems. Specialissue of the SIGCHI Bulletin, p. 11-18.Wright, P. (1989). The need for theories of NOT reading: psychological aspects ofthe human-computer interface. In Elesendoorn, B. and Bouma, H. (eds. )Working Models of Human Perception. London: Academic Press. ch. 16, p.319- 340Wright, P. (1990). Hypertext as an interface for learners: some human factorsissues. In Jonassen, D. and Mandl, H. (eds.) Designing Hypermedia forLearning. Springer Verlag. ch. 10, p. 1-16.Wright, P. and Lickorish, A. (1984). Investigating referees� requirements in anelectronic medium. Visible Language, 18, 186-205.Wright, P. and Lickorish, A. (1990). An empirical comparison of two navigationsystems for two hypertexts. In McAleese, R. and Green, C. (eds.) Hypertext:state of the art. London: Intellect Ltd. ch. 9, pp. 84-93.

Figure CaptionsFigure 1. Categories of tools that can support reading activities. Issues regardingdetailed functionality of the tools are listed within each category.Navigation tools differ from many other tools in that they can beincorporated into other tool sets.Figure 2. Two categories of tools for data searching. The tools in 2a create a list,or set(s) of copies, of items found. The tools in 2b store the locations ofitems found and provide navigation to them in the electronic text.Figure 3. Data manipulation tools for sorting collected data (top), outputtingaggregated data (middle), and reauthoring new electronic documents(bottom).Figure 4. Planning tools to help readers structure their approach to the task (e.g.deciding what to find) and to their reading activities (e.g. deciding how tofind it, and what to do with it then).

Figure 1. Data SearchingTools

¥ Help with precise and fuzzy targets¥ Reformating¥ Agentive tools (suggesting where next)¥ String searching Data CollectingTools

¥ Notepads¥ Copy content alone¥ Pointers to text locations¥ Copy content + links¥ Manual / automatic data collectionNavigationTools

¥ Linking tools - cross reference - hierarchic¥ Tables of contents - variable grain¥ Indexes of terms ¥ Spatial/temporal maps and overviews¥ Menu/keyboard GoTos

Data ManipulationTools

¥ User categories (e.g. Yes, Maybe, No)¥ Preformatted tools (e.g. timetables)¥ Sorting tools¥ Authoring tools¥ Item analysis ¥ Data aggregation

Electronic Documents Search Tools

Data Found

Targets found: item 1 item 2 ... item nSpecifications of query: specification 1 specification 2 ... specification n Search Tools

Specifications of query: specification 1 specification 2 ... specification nitem 1item 2item n

Electronic Documents Navigation Tools Locations of found items: location 1 location 2 location nFigure 2.

2a2b

Data Sorting Tools¥ Application of sorting criteria, both objective and subjective¥ Tools for resequencing items¥ Relocating collected items by external criteria Data Aggregation Tools¥ Methods of aggregation¥ Programming and macro functions¥ Decision support tools Re-authoring Tools¥ Notemaking and editing¥ Cutting and pasting¥ Hypertext authoring tools

Electronic Documents

Collection of Data

Targets found: item 1 item 2 ... item nFigure 3.

Output

New Document

Output¥ Revised displays of the data collected (or copies of that data).¥ Comparative assessments¥ Data graphics¥ Diagrammatic overviews¥ Recommendations for action

¥ Linear text¥ Hypertext¥ Database format

Electronic DocumentsFigure 4. Planning Tools Text Characteristics Contents Structure Tools Available Task Strategies General adviceDetailed suggestionsCase-based examples

Reading ActivitiesSearchingCollectingManipulatingReader�s Goals and SubgoalsWorking Environment

Customising proceduresWindow locations

Table 1Potential Tools That Can Support The Cognitive Demands Of Serious ReadingSUBTASKS OFSERIOUS READINGELEMENTS OFCOGNITIVE DEMANDFUNCTIONALITY OFPOTENTIAL TOOLSSEARCHING1. Formulating the query2. Perceptual demands: scanning the text detecting organisation3. Memory demands: what targets to look for, where you have looked, record of success4. Knowledge and skill demandsCOLLECTINGMANIPULATING1. Memory demands: what was found where it was found2. Transfering information1. Search aids: automatic query generation dynamic target lists2. Links within the text; indexes; text formating3. Memory aids: dynamic lists, path history4. Search plans; strategies1. Memory aids: notepads for free annotations clipboards - "snapshots"2. Live copies - retaining dynamic links within text pipelines for data1. Setting criteria2. Comparing items3. Integrating information4. Evaluating outcomes1. Bins/categories, filters - discarding information2. Sorting/prioritising - by physical details - by subjective value3. Aggregating functions4. Utility functions