- 1 -Conversation in the museum: experiments in dynamic hypermedia with theintelligent labelling explorerJon Oberlander*Mick O’Donnell*Alistair Knott�Chris Mellish*Affiliations* Division of Informatics, University of Edinburgh� Department of Computer Science, University of OtagoEmail addressesJ.Oberlander@ed.ac.ukM.O’Donnell@ed.ac.ukC.Mellish@ed.ac.ukalik@atlas.otago.ac.nzAbstractWe outline experience with the Intelligent Labelling Explorer, a dynamic hypertextsystem developed at the University of Edinburgh, in collaboration with the NationalMuseums of Scotland. First, we indicate a number of ways in which labels onmuseum objects ought to be tuned to take into account types of visit, the interests ofvisitors, and their evolving knowledge during a visit. Secondly, we sketch the generalarchitecture of our system, and then focus on the conversational effects which thesystem can create. We then briefly indicate future directions of research, beforecritically discussing the applicability (or otherwise) of the spatial metaphor to flexiblehypertexts.Keywords: adaptive museum hypermedia, natural language techniques for dynamichypertext generation, content adaptation in hypertext and hypermedia, web-basedmuseum hypermedia, navigation design1.IntroductionWe take dynamic hypertext to be that variety of flexible hypertext which relies upontechniques from the field of natural language generation (NLG) (1). A survey andcomparison of existing dynamic hypertext systems can be found in (2), and furtherdiscussion on the advantages of such systems is provided elsewhere (3,4). The keyfeature that NLG brings is the dynamic construction of textual content on demand, atviewing time, as foreseen by Halasz (5). It has been argued that flexible hypertextsystems are particularly useful for relatively formal educational purposes, since theycan tailor content to particular individuals, allowing them to progress at their ownrate; see Brusilovsky (6) which includes a survey of the range of educational adaptive

- 2 -hypermedia systems. Such systems also offer considerable potential in less formaleducational contexts, such as those found in museums and galleries.Here, we outline experience with the Intelligent Labelling Explorer (ILEX), a systemdeveloped at the University of Edinburgh, in collaboration with the NationalMuseums of Scotland. First, we indicate a number of ways in which labels onmuseum objects ought to be tuned to take into account types of visit, the interests ofvisitors, and their evolving knowledge during a visit. Secondly, we sketch the generalarchitecture of our system, and then focus on the conversational, or textual, effectswhich the system can create. We then briefly indicate future directions of research,before critically discussing the applicability (or otherwise) of the spatial metaphor toflexible hypertexts.2.What would make a label intelligent?A number of different types of labels can be isolated in the physical museum (7). Agallery or exhibition may have an overall introductory label; groups of objects maypossess a sectional label, providing background rationale for their display; objectsmay possess individual labels or captions, as well as follow-up labels providinginterpretation or anecdote; and there may also be orientation signage, directing thevisitor through the gallery or towards specific targets.These labels may be realised purely conventionally�printed and mounted on wallsand in cases�or they may exploit hypermedia in the gallery, via information kiosksof various kinds. In addition, of course, but still in the gallery, the labels may berealised via the current generation of commercially available audio guides. Beyondthe gallery, and particularly on the World Wide Web, hypermedia can play a moreextensive role, allowing virtual galleries to reproduce some, but not all, of a physicalexhibition’s characteristics.However, considering first the most traditional forms of printed labels, it is clear thattheir static nature severely limits their utility. First, if an object has a single individuallabel, it must be written for a general audience, rather than targeted at specific visitorinterests. Secondly, a single label will have a fixed number of words, which must becarefully controlled to maximise the probability that the general reader will read to itsend; yet different visitors have differing amounts of time available. Mostsignificantly, however, a single individual label cannot make effective links to otherlabels on other objects. If labels are designed to be read in any order, they cannot

- 3 -presume that any other labels have been read. Thus, a label may contain redundantinformation which effectively conceals the ’new’ information about its object. Worse,by failing to link back to previous related objects, the labels offer an effectivelyincoherent commentary on the sequence of objects in the gallery. Static labels�unlike human curators and guides�fail to provide a coherent narrative.Obviously, even with static individual labels, there are solutions. First, sectionallabels provide background and reduce redundancy. Unfortunately, they may not beread at all if they are too far from the objects of interest. Secondly, linearisation of agallery forces visitors to move past labels in a specific sequence. Unfortunately,visitors thus lose freedom of choice, and there is still no guarantee that labels will notbe skipped.Let us focus on these four specific issues: visitor interest, visit type, history andrepetition, and history and linking. First, it would be preferable if labels couldintelligently take into account a visitor’s primary interest. For example, in a gallery of20th Century jewellery, some visitors may be more interested in styles, and theirevolution, while others may be more interested in the individual designers. Thus, forthe former, we may prefer a label like [1]; for the latter, a label like [2]:[1]This jewel is a necklace and is in the Organic style. It was made in 1976. It ismade from opals, diamonds and pearls.[2]This jewel is a necklace and was made by Gerda Flockinger, who was adesigner and was English. The jewel, which is in the Organic style, was made in1976.Secondly, the amount of attention a visitor will devote to an individual object isstrongly influenced by the overall amount of time they are currently intending tospend in the museum building. In our intelligent gallery, for brief visitors, we mayprefer a label like [3]; for more leisurely visitors, we may prefer a label like [4]:[3]This jewel is a finger ring and is a remarkably fluid piece. It is ratherreminiscent of molten metal and was made by Frances Beck.[4]This jewel is a finger ring and is a remarkably fluid piece. It is ratherreminiscent of molten metal and was made by Frances Beck. It is also in theOrganic style. It was made in 1969. It is also made from diamonds. It is madefrom tourmaline and 18-carat gold. It was made in Buckingham.

- 4 -Thirdly, when a human guide describes a sequence of objects, they will intelligentlysuppress the re-expression of information they know they have already successfullyconveyed. This allows them both to make individual descriptions shorter, but also toinclude new information in the time or space freed up by eliminating the redundancy.The effect is most dramatically seen when a visitor returns to a previously viewedobject. An intelligent labelling system might describe an object when first seen byusing [5]; but on returning to the object, it would not repeat [5], but instead, it shouldproduce a label such as [6]:[5]This jewel is a necklace and was made by a designer called Gerda Flockinger. Itconsists of pairs of rectangular panels separated by groups of pearls. The panelsare decorated with openwork and applied silver wire. It also includes ...[6]This necklace was made in 1976. It is made from opals, diamonds, pearls, goldand silver metal. It was made in London. It draws on natural themes forinspiration; indeed Organic style jewels usually draw on natural themes forinspiration.Finally, as well as taking the history of the interaction into account to eliminateredundancy, and include new information about the individual item, an intelligentlabelling system ought to make comparisons back to previously seen objects, or typesof object, in order to maximise the coherence of the visitor’s experience (8). Supposethe visitor saw an Art Deco necklace with the label in [7], and then saw several itemsof Scandinavian style jewellery, before returning to the necklace. Then with aconventional label, they would see [7] again; however, [8] would be a more intelligentway of making coherent links between the objects that have been seen:[7]This jewel is a necklace and is in the Art Deco style. It was made in 1920. It ismade from moonstone and silver rock-crystal. In colour, it is coral. It differsfrom the previous item, in that whereas that was made by Arthur & GeorgieGaskin, this was made by H.G.Murphy. <p> It has clean lines; indeed Art Decostyle jewels usually have clean lines. They usually use geometric forms.[8]As already mentioned, this necklace is in the Art Deco style. Like most of theScandinavian style jewels, Art Deco-style jewels usually have clean lines.Now adaptive hypermedia�both in physical galleries, and in virtual ones�offerspotential solutions to these difficulties. Such systems can, in principle, alter the labelson objects, to take into account visitor interest, visit type, visitor knowledge, and thehistory of the interaction. Various adaptive techniques are available. We couldmaintain a larger set of static labels, and exploit dynamic linking to render only

- 5 -subsets available at any one time, depending on user type or session history (9, 10, 6).Or we could do away with fixed labels, and instead generate them completelydynamically. It has been argued elsewhere that natural language generation (NLG)techniques from the field of artificial intelligence are particularly well-suited to thelatter task (3, 4); indeed, De Bra and Calvi (11) have recently observed thattechniques which avoid the need for NLG�such as their use of conditionalfragments�may simply not be practical for the task of imposing a coherent order onthe adaptively assembled information. Thus, we have been investigating methods foraccomplishing the dynamic generation task in museums (2, 12, 13).All the examples in this section were in fact generated on-line by the current versionof our system, the Intelligent Labelling Explorer (ILEX). As should be clear, the textswhich the system produces are not always optimally tailored; however, they shouldserve to illustrate the type of conversational behaviour we are aiming at.3.The intelligent labelling explorerThe Intelligent Labelling Explorer system uses NLG technology to generatedescriptions of objects displayed in a museum gallery. Versions of the ILEX systemare available on the WWW (14); the system can therefore be used over the web, or asa standalone interactive within a museum gallery. To date, three versions have beenimplemented (ILEX-0, -1, and -2); these systems describe objects in the NationalMuseums of Scotland’s 20th Century Jewellery Gallery. Both field and laboratoryevaluations are currently under way.3.1The interfaceVisitors start from a visual index, composed of thumbnail images. Clicking an imagecauses a description of the relevant object to be generated. There is no separateintroductory article, since background material is incorporated into the descriptionsgenerated on demand (on the relative usability of indices and introductions in moreconventional museum hypertexts, see Shneiderman et al. (15)). Figures 1 and 2 showthe initial page, and an example output from ILEX-2.0. It will be seen that nothematic organisation is imposed on the set of images. They are intended to competefor the visitor�s attention just as physical objects in a real gallery compete on the basisof their appearance. In principle, however, it is perfectly feasible to sort them, forinstance, by period, style or designer, or to embed them in a more elaboratesimulation of a physical gallery layout.

- 6 -� Insert Figures 1 and 2 around here �On ILEX’s internal button bar, the ’Jewels’ control is provided so that although agenerated description contains suggested onward links, the visitor can at any timereturn to the visual index and choose a new object from there. The left-arrow buttontakes the visitor to the previously viewed object, but generates a new description,which can take into account what has subsequently been seen�so part of the page(the image and the name of the object) is as it was before, and part of it (the textualcommentary) changes; the right-arrow button takes the visitor forward again, andagain generates a new context-sensitive description. The ’Help’ button provides basicassistance, and the ’Exit’ button allows graceful termination of the user session.Within a generated page, one frame contains a short label and image of the object;neither of these changes between visits to that object. The other frame contains thedynamically generated description. The ’Say more’ button on the page requests a newfollow-up description (16), similar in effect to returning to the object from anotherobject. Invocations of ’Say more’, or multiple visits to the object, will build up asequence of description-versions. All previously-generated descriptions remainaccessible, through the use of the numerically-coded buttons to the left of the ’Saymore’ button.3.2ILEX’s knowledge representation and algorithmILEX uses a fairly traditional architecture for generation, which separates out thestages of choosing what to say from choosing how to say it. However, we view theuser as being in control of the highest-level decisions about what is to be described,and so we have designed our algorithm and knowledge representation to support akind of co-operation between user and system.In outline, when an object is selected by the user, the system consults its knowledgebase of facts, entities and relations. It first decides on a pool of relevant facts toexpress. Relevance depends on a number of parameters, including a model of theassumed knowledge and interests of the user. The system then organises these factsinto a coherent structure. It then converts this structure into a text. Finally it presentsthis text, in written or spoken form, and updates its model of the assumed knowledgeof the user. Here, we focus specifically on the knowledge representation, and then onthe first two stages of content selection and structuring�content selection being the

- 7 -stage at which most user-adaptation occurs. By comparison, (13) provides less detailon the first two stages, and more detail on the third stage, of textual realisation.3.2.1Knowledge representationILEX begins by consulting its knowledge base of facts, to choose which to present.The knowledge base has two main sources; firstly information parsed straight fromthe museum’s own database, and secondly, information gathered during a number ofinterviews with the gallery’s curator. Knowledge is represented in a structure calledthe content potential, which is basically a graph containing entity-nodes (whichrepresent objects), fact-nodes (which represent facts about objects) and relation-nodes(which represent relations between facts).Entity nodes represent the participants in facts, and may be of two kinds:

specific(such as an individual jewel or person); and generic, representing some class ofentities (such as Scottish jewellers, or Art Deco brooches). The two kinds are treatedalike for purposes such as tracking which entities are under discussion, and how torefer to them in the text.Fact nodes represent the relations between entities, in both events (such as X madeY), and states (such as X owns Y). We have assumed that all facts involve binaryrelations between two entities. For instance, made-by(J-9999, King01) represents thefact that the designer King made item J-9999. This binary assumption simplifies ourarchitecture, but at a later stage, we may allow more complex fact-representation.Complex sentences can be formed through aggregating together these binary facts.Each binary fact has the following fields:Pred:The name of the predicate connecting the two entities.Arg1:The entity in the relationship which the fact is primarily about. For instance,’J-999 was designed by Jessie King’ is primarily about J-999, not about King.Arg2:The other entity in the relationship. This is sometimes another thing (such as’Jessie King’) and sometimes a quality (such as ’blue’).Various other fields exist which detail the polarity, defeasibility, interest, importanceand assimilation of the fact. Facts representing general principles or negations ofgeneral misconceptions are expressed using generic entities.Relation nodes represent relations between facts. Relations include

Example,

Concession,

Amplification,

Similarity,

Contrast,

’In that’,

’In other words’, and

- 8 -Specification. Each relation has a nucleus and satellite (as in Rhetorical StructureTheory (17)) as well as a set of precondition facts, which must be assimilated beforethe relation can be understood. There are no relations between relation-nodes in thecontent potential at present; relation-nodes only link fact-nodes. Figure 3 shows asmall subgraph of the content-potential, showing two

Concession relations betweenfacts.� Insert Figure 3 around here �3.2.2Content selectionIn the content-selection process, this graph of content potential is traversed, beginningfrom the entity-node corresponding to the object to be described, and a set of fact-nodes to be described is thus collected. The decision about which fact-nodes areselected is determined by three factors. Firstly, facts are weighted according to thechain of relations back to the initial entity-node of the current page (18). This is a wayof preventing lengthy digressions from the supposed topic of the text. Secondly, eachfact is associated with numbers (between 0 and 1) which represent the opportunity’value’ of the fact. These opportunity values reflect both long-term and session-baseduser models. The key values are of two kinds:Interest the estimated value of the fact to the user; for instance, being made of plasticor paper are more interesting ( to the user), because they are unusual injewellery. Canned anecdotes about a piece of jewellery may also have highinterest values. Clearly, different types of users will find certain categories ofinformation more interesting than others. Thus, the interest values of classes offacts are derived from our simple long-term user models, which we describeshortly.Importance the value of the fact as regards the system’s educational agenda; forinstance, the museum considers it important to educate on stylistic development,so facts about styles are rated highly. Importance values of classes of facts areindependent from user models or session histories.Interest values thus reflect an aspect of long-term user modelling. By contrast,importance values are more like �system models�; they allow the orderly pursuit of aneducational agenda, achieving similar goals to those De Bra and Calvi (11)accomplish via their rules for modifying the presentation of content fragments. Noticethat neither interest not importance changes during a user session: they are notdynamically adapted. However, these opportunity values are moderated by two

- 9 -further fact annotations, both of which are involved in dynamic, session-level usermodelling:Assimilation the degree to which the fact is assumed known to the user, either fromgeneral knowledge, or through prior mentions in the web interaction (thesevalues change dynamically). Facts also have an assimilation rate, depending ontheir assumed degree of difficulty.Assimilation-rate the amount by which the assimilation of a fact changes each time itis presented. It is normally set to 1, but for some facts (in particulargeneralisations) it is less than 1. A fact’s assimilation rate does not itself changedynamically.The first three values�interest, importance and (1 — assimilation)�are multipliedtogether to calculate the local score of each fact. The overall opportunity value of afact is the product of its local score, the overall opportunity value of the parent (thenode through which it was reached), and a weight for the relation between them. It isthe overall opportunity values that are used to select which items of content will beincluded in the generated description. When all the stages of selection, structuring,realisation and presentation have been achieved, the assimilation values for expressedfacts are updated, in accordance with their assimilation-rates.So, if we distinguish long-term user modelling from short-term, session-based usermodelling, we can see that ILEX2.0 is simplistic regarding the former, but quitesophisticated regarding the latter. On the long-term side, ILEX2.0 in principle allowsfor three main types of user:Expert: someone with general expertise about 20th century jewellery and 20thcentury styles.Child: a school-child of age 12 or so.General: a literate, non-specialist adult.While eventually we would like the language produced for different user types to bedifferent, at present the only differences are to do with how facts of different kinds areannotated�and hence, which will be selected. For instance, for user type expert,generalisations about jewel styles are assumed to be assimilated at the outset, whilefor user type child, they are assumed to be unassimilated, but of only moderateinterest. In each case, these annotations have the effect of dispreferring suchgeneralisations. For user type general, these generalisations are assumed to be bothunassimilated and of high interest, which makes them very good candidates for

- 10 -selection. Notice that in each case, interest values are fixed, but assimilation will bedynamically updated, depending on the objects the user chooses to view, thanks to thediffering facts the system selects for presentation. However, it is important to notethat in the publicly accessible implementation of ILEX2.0, only the general usermodel is available, and the user cannot alter this.On the short-term side, we can consider ILEX2.0 to be modelling the individual uservia the changes it makes to the assimilation values of facts which happen to bepresented. Which facts have their values updated will depend on the user’s precisetrajectory through the virtual gallery. If we consider the session-history to help definefine-grained user models, we end up with vast numbers of distinguishable usermodels. Consider ILEX2.0 with 40 objects loaded; suppose a user looks at just 10 ofthese. There are around 1012 different sequences in which this might be done, anddiffering sequences can result in different assimilation values. It is true that manysequences will have equivalent effects on the assimilation values stored in the contentpotential. Furthermore, as with De Bra and Calvi’s AHA! (11), the interdependencebetween facts will help to ensure that the actual number of distinguishable session-level user models is much smaller than this. However, it will still be very large bymost standards.The content selection process is almost finished when it has found a sufficient numberof facts, ranked by opportunity value. However, if it cannot find enough, it enters a�barrel-scraping� phase, to locate new content. It is at this point that the algorithmfinds negative facts, and locates other entities, to which comparisons can be made.Negative facts, expressed for instance, as

This item is not made of enamel, are notstored separately, but are generated from existing positive polarity facts only incontexts where the reader has grounds for believing the proposition which is negated.The choice of appropriate comparisons is determined via a measure of the similaritybetween pairs of fact-nodes. The metric used for similarity is that developed byMilosavljevic (19); it is outlined only briefly here. Facts of different types requiredifferent notions of similarity to be invoked. As well as the annotations for interest,importance and so on, there are two further annotations on each fact node: scale, andvariation. The former represents the type of scale that the attribute is associated with.There are four types of scale:Nominal (such as place or material) is not ordered.Interval (such as date) is ordered, but there is no notion of �the lowest possiblevalue�.

- 11 -Ratio (including dimensions) is ordered, and there is some notion of �the lowestpossible value�.Ordinal (such as the case in which a jewel is displayed) is ordered, but just byconvention, rather than by anything intrinsic to the different values. (In thiscase, a third annotation order is given, specifying what the ordering is.)Variation, meanwhile, is captured by a number representing how much variation thereis between items with this attribute; the larger the number, the more variation. Forsome scales, the variation can be given in advance, while for others it must becalculated by looking at the values for the collection of objects that the system knowsabout. In ILEX2.0, this calculation is carried out off-line, when the content potentialis built. The similarities between the facts associated with candidate objects aredetermined by checking the values they take on the various scales, and the amount ofvariation possible on those scales. The most similar object will be found, togetherwith the facts that make it similar to, and different from, the current object.It is worth noting that a pair of global variables controls the system�s overall tendencyto choose comparisons as part of the content to be realised. The first determines thenumber of barrel-scrapes which are automatically made�that is, irrespective ofwhether the system has run out of facts to express. If the value of this variable is sethigh, comparisons (and also negations) will be sought even before the content-selection routine has run out of things to say. If it is set to 0, these extra facts will onlybe sought if there is nothing left to say. The second variable helps choose whichmethod of barrel scraping�comparison or negation� is preferred, and to whatextent.3.2.3Content StructuringWhen all the facts to be expressed have been selected, a suitable discourse structurefor expressing them is determined. The model of discourse structure used in ILEX istwo-level. We assume that (descriptive) text is organised at a high level intocollections of facts with the same Arg1�facts about the same entity�called entity-chains. The initial entity-chain is a collection of facts about the object to be described;these facts can mention other entities in Arg2 position, such as the designer or style ofa jewel, which can serve to introduce subsequent entity-chains about these entities.The first phase of content structuring is to arrange the selected facts into a legitimatestructure of entity-chains.

- 12 -Within an entity chain, facts can be organised into rhetorical structure (RS) trees,using a number of coherence relations from the content potential, such as Example,Concession, Specification and so on. RS trees have a hierarchical structure; one fact(the top nucleus) dominates the others. In the second phase of content structuring, wefind all possible RS trees that can be created from the selected facts, and then choosethe best of these that can be legally added to one of the entity-chains. This process isthen repeated until no more RS trees can be added.3.2.4Sentence RealisationThe third phase of generation is to decide on the surface form of the linguisticexpressions which realise the facts to be generated. This process is driven by severaldifferent and interacting modules. For a clause expressing a fact, the decisions aboutthe tense (for instance is versus was), mood (for instance can versus must), andsurface polarity (for instance, worked versus did not work) are taken by the factexpression module. The RS tree realisation module determines how to express therelations between facts in a RS tree using sentence and clause conjunctions (forinstance but or rather). The aggregation module determines when a group of facts canbe combined into a single sentence, by co-ordination, by modification (for instance,

British modifies jeweller in

British jeweller) or by the inclusion of relative clauses(introduced, for instance, by who or which). The decision about how to refer toentities in noun phrases is determined by the NP planning module, which choosesbetween full descriptions (for instance, the Art Deco necklace), reduced descriptions(for instance, the necklace), and various types of pronominal expression (for instance, this piece or it).It should be noted that ILEX2.0 intermixes deep and shallow representations insentence realisation; that is, it produces both fully machine-generated sentences, andones which include ’canned’, human-written text, or phrasal templates. It thereforeresembles in certain respects Geldof’s navigation assistant (21), which makes moreextensive use of templates. While templates and fixed content structures are well-suited to the production of Geldof’s ’meta-texts’, ILEX2.0 requires finer control of theform of linguistic expressions. Thus, when canning is used, it can in fact occur atdifferent levels: at any level of syntactic constituency, or at any text node in discoursestructure. To indicate roughly how much of the surface text is canned, and how muchis generated word-by-word,the following examples use brackets to indicate pre-compiled phrasal units larger than single words:

- 13 -[9]This jewel is also a necklace. It is in the machine-age style, and was made in1930. It is made from chrome. It has [no fear of pattern], [in that] it incorporates[patterns with a repetitive element]. <p> Machine-age style jewels usually have[regularly repeated forms]. [To take an example]: this jewel is [made up of apattern of interlocking rods]...[10]This jewel resembles the waist-buckle, [in that] like most machine-age jewels ithas [regularly repeated forms]. However, it differs from the waist-buckle, [inthat] it is made from chrome, whereas the waist-buckle was made from enamel.This engineering compromise improves the quality of the text somewhat, whileallowing us to avoid coding every surface predicate or connective at a deep level;nonetheless, the examples here should make it obvious that, like most NLG systems,ILEX�s grasp of English falls in various ways rather short of that of a native speaker.3.2.5Text PresentationFinally, the generated text is delivered to the user. Currently, texts are presented inwritten form. However, we are developing the option to present text as speech, via aspeech synthesiser which uses the discourse structure of the text to generateappropriate intonation and emphasis. For more on this topic, see (20).4.What difference does intelligent labelling make?The structures and processes used by ILEX2.0 have specific conversational or textualeffects. These can be seen both in the texts discussed in section 2, and by examiningthe difference between a dynamic version of the system, and a more conventional’static’ version.4.1Four aspects of intelligent labellingConsider again the examples we used to introduce the four specific issues, of visitorinterest, visit type, history and repetition, and history and linking. The examples arerepeated here for convenience.[1]This jewel is a necklace and is in the Organic style. It was made in 1976. It ismade from opals, diamonds and pearls.

- 14 -[2]This jewel is a necklace and was made by Gerda Flockinger, who was adesigner and was English. The jewel, which is in the Organic style, was made in1976.The difference between [1] and [2] results from changing the user-interest valuesassociated with facts about designers and facts about styles. In [1], style facts hadvalue 0.9, and designer facts value 0.2; in [2], these values are swapped. This reflectsa method of tailoring for visitors which, as we mentioned above, is not accessible inILEX2.0, but which will be added in a later version.[3]This jewel is a finger ring and is a remarkably fluid piece. It is ratherreminiscent of molten metal and was made by Frances Beck.[4]This jewel is a finger ring and is a remarkably fluid piece. It is ratherreminiscent of molten metal and was made by Frances Beck. It is also in theOrganic style. It was made in 1969. It is also made from diamonds. It is madefrom tourmaline and 18-carat gold. It was made in Buckingham.The difference between [3] and [4] depends simply on a global parameter regardingthe number of facts to be expressed. Again, this is not currently under user control,but this facility is simple to add.[5]This jewel is a necklace and was made by a designer called Gerda Flockinger. Itconsists of pairs of rectangular panels separated by groups of pearls. The panelsare decorated with openwork and applied silver wire. It also includes ...[6]This necklace was made in 1976. It is made from opals, diamonds, pearls, goldand silver metal. It was made in London. It draws on natural themes forinspiration; indeed Organic style jewels usually draw on natural themes forinspiration.The difference between [5] and [6] arises because facts which have been expressedgain assimilation value, and as a result are less likely to be re-expressed. They maywell appear again, because they allow another unexpressed fact to be linked into thediscourse, or because the system does not consider them fully assimilated; thusrepetition remains possible, whenever it serves to improve coherence, or promotepedagogical goals.

- 15 -[7]This jewel is a necklace and is in the Art Deco style. It was made in 1920. It ismade from moonstone and silver rock-crystal. In colour, it is coral. It differsfrom the previous item, in that whereas that was made by Arthur & GeorgieGaskin, this was made by H.G.Murphy. <p> It has clean lines; indeed Art Decostyle jewels usually have clean lines. They usually use geometric forms.[8]As already mentioned, this necklace is in the Art Deco style. Like most of theScandinavian style jewels, Art Deco-style jewels usually have clean lines.The difference between [7] and [8] arises firstly because repetition is suppressed, as in[6], and secondly, because the system dynamically computes which comparisons canbe made to specific or generic entities mentioned in the discourse so far.4.2Dynamic vs static hypertext: an exampleFor a slightly more extended comparison, Figure 4 contains texts [11] and [12]. Theformer is generated by ILEX2.0 in dynamic mode, the latter in static mode. Thestandard behaviour of the system, as described above, is dynamic. However, by re-setting assimilation values to their initial values after each description is generated, wecan simulate a more standard hypertext system, in which each object label isessentially generated in isolation from any other object label, and discourse history istherefore not taken into account.� Insert Figure 4 around here �There are several notable differences between the dynamic [11] and the static [12].First, dynamic generation allows the system to respond to user’s move (a) by making arelatively short description containing a comparison with a previous item (a silverbracelet). Secondly, although the responses to user’s move (b) are similar, thedynamic system registers the fact that it has been asked once more to describe anecklace (

This jewel is also a necklace), and this small change has ramifications forthe sentence structure for the rest of the paragraph in which it appears. Mostobviously, however, the system’s response to user move (c) in the dynamic system ismuch richer than in the static system. Comparisons are made back to two previously-seen items ( the waist-buckle, and the previous item), and between styles ( machine-ageversus organic).5.Related and future work

- 16 -We noted above that Geldof’s system (21) exploits template-based NLG techniques togenerate dynamically its navigation-node meta-texts. While in some ways lessflexible than the system we have described here, her system includes automaticadaptation to user interests on the basis of navigation behaviour, which ILEX2.0 doesnot. In fact the most closely related system of which we are aware is Milosavljevic’sPEBA-II system (19, 22), for generating encyclopaedic descriptions of, andcomparisons between, animals. Already, our approach to comparisons is based ondevelopment carried out under the PEBA-II project, and we foresee possibilities forfurther fruitful co-operation.In the meantime, the Intelligent Labelling Explorer system will have some furtherfeatures added to it in due course. First, to improve adaptability, user control overinterest-values will be added, so as to allow adaptation of the simple long-term user-type models; similarly, user control over the number of facts to be expressed willallow simple visit-type control. As we have seen, ILEX2.0 already possessesadaptivity to changing (assumed) user knowledge. However, in contrast to Nill et al.(10) and Geldof (21), automatic adaptivity to model specific user interests, on thebasis of observed behaviour, is not envisaged. Further work is planned on making thesystem support more varied user input, so that more interesting dialogue actions canbe accomplished than at present. More immediately, concept-to-speech output isbeing developed, under the auspices of the SOLE project (20), and in another project,this speech output is being channelled via a wearable computer device (23, 24).However, our current goals are to complete the analysis of the laboratory user trials ofthe system, and to carry out field testing in the National Museums of Scotland. Thelaboratory trials are comparative in design, contrasting user behaviour, subjectiveevaluation, and learning outcome, on the dynamic and static versions of the system, asillustrated above. In the meantime, however, our experience with the system leads tosome general questions about the relation between conversational systems like ILEX,and PEBA-II (19), and the navigational paradigm underlying most hypertext systems.6.Discussion: conversation versus navigationIn previous work, it has been asserted, more or less without supporting argument, thatdynamic hypertexts are conversational (4). The foregoing account indicates in ageneral way how this claim can be substantiated by systems like ILEX2.0 and PEBA-II. Arguably, of course, other adaptive hypermedia systems are conversational too: theonly thing that distinguishes dynamic systems might be the level of granularity at

- 17 -which content can be adapted. Be that as it may, we can go on to argue that aconversational approach is not only feasible for dynamic hypertext, but is actuallypreferable to the conventional spatial metaphor.First, we have taken dynamic hypertext to be that variety of flexible hypertext whichrelies upon techniques from NLG to construct textual content on demand, at viewingtime. In fact, as yet, there is relatively little evidence as to whether flexible hypertextsystems�of whatever stripe�are actually acceptable to their projected users, and inparticular, whether they are actually more acceptable than conventional, rigidhypertext. This is a genuine concern. For instance, Carter’s work on automatic text-to-hypertext translation supplies reasons for doubt (25). He combines informationretrieval and natural language techniques, and finds that his context-sensitivehypertext are not only unacceptable to users, but also give poor results on objectivemeasures, such as hyperpath recall. Obviously, we expect the outcomes of ourusability trials to address this concern.Now, a possible reason for usability difficulties�if and when these are found�maylie in the fact that flexible hypertexts pose fundamental problems for the spatialmetaphor underlying classical hypertext. According to the spatial metaphor, we visitnodes, navigate around, explore, get lost in hyperspace, and so on. These ideas fitquite well the notion that a document is a fixed artefact, whose parts (in this case,hypertext nodes) look the same from whatever direction they are approached. Indeed,part of the interest in hypertexts comes precisely from the fact that a given part canhave many paths leading from and to it. Given all this, it is appropriate to require thatthe appearance of any given part of the document not vary from time to time, exceptperhaps through some wear-and-tear mechanism which indicates how popular theplace is�as in visit-counters on Web pages.But what happens in dynamic hypertexts? Consider the famous analogy in quantummechanics: Schr�dinger’s cat is neither dead nor alive, so long as it remainsunobserved. But as soon as it is observed, the very act of observation causes it to fallinto one state or the other (26). Dynamic hypertext can be taken to offer ahypertextual parallel: a link’s destination need have no determinate informationalcontents, until it is visited. As soon as it is visited, the very act of visitation causesSchr�dinger’s node to contain a determinate content. So flexible hypertext is to rigidhypertext as the quantum world is to the macroscopic world: it is ’non-classical’.Now, many people have real problems understanding Schr�dinger’s cat, and aquantum world in which objects change their properties, depending on where we’ve

- 18 -been before we look at them�in which objects that used to be visible from a certainplace may become invisible when we return. It should therefore be no real surprisethat people have trouble with non-classical Schr�dinger’s nodes, too. Usabilitydifficulties may thus stem from the fact that dynamic hypertexts are simply notclassical, fixed artefacts, and thus do not fulfil the expectations engendered by thespatial, object-based metaphor.There are thus at least two responses to this problem. First, we could design ourdynamic systems so that they ensure that their users are fully aware that they arenavigating in a bizarre quantum hyperspace. Secondly, we could design them so thattheir users do not believe that they are navigating in space at all, but instead believethat they are participating in a conversation evolving through time. On the latter view,Landow’s rhetoric of departure and arrival (27) is replaced by pure rhetoric: thereneed be no spatial travel at all. As Milosavljevic and Oberlander say, ’for us,navigation really is conversation’ (8). By replacing space with time, and establishing avivid conversational metaphor, we would ensure that people carry neither falseexpectations about classical spatial navigation, nor half-understood ideas about a non-classical quantum space.The �navigation is conversation� view has an interesting relationship to Dillon andVaughan�s recent discussion of studies on navigation in traditional, rigid hypertexts(28). They conclude that �the physical navigation framework fails to tackle the issueof semantic space�, and that it is not sensible to separate out the navigation processfrom the process of comprehending the content that the reader encounters on theirjourney. As an alternative to space, they propose �shape�, which they acknowledge tobe �a somewhat elusive concept�, but which can be thought of as a property ofinformation conveyed by both the physical form of a digital document, and itsinformation content. We obviously agree with the need to consider the hypertext as akind of discourse, but we must acknowledge that this focus should not lead us whollyto neglect the effects of the layout and physical appearance of the text and theinterface in which it appears. However, the latter point does not dictate a return tonavigation. Rather, it suggests that evaluation of hypertexts must consider the effectson discourse comprehension of both the content and the form of the documents beingused.Perhaps general recognition of the discursive nature of hypertext has been hindered bythe fact that rigid hypertexts offer deviant, amnesic conversations, in which thesystem acts as if it had no memory of the previous discourse. As we have suggested,with only these as models, the spatial model appears relatively appropriate. Either

- 19 -way, both of the metaphorical responses to non-classical, flexible hypertexts�quantum space and conversational time�should be investigated further viaengineering and empirical evaluation, to determine whether they help avoid anyusability problems associated with applying the standard spatial metaphor to dynamichypertexts. This paper has discussed a particular project aimed at making theconversational metaphor vivid, via the notion of intelligent labelling. Our intentionhas been to try to make the conversation coherent, and thereby to contribute toachieving the goals of museum curators and educationalists.AcknowledgmentsThe first author is an Engineering and Physical Sciences Research Council (EPSRC)Advanced Fellow, and this work was carried out thanks to the EPSRC, through grantGR/K53321. Further development is supported by the European Commission, throughEsprit Long Term Research grant PL25574. The support of the Economic and SocialResearch Council for HCRC is also gratefully acknowledged. Our thanks to ourcollaborators at the National Museums of Scotland, to Maria Milosavljevic and PeterBrusilovsky, to our anonymous referees, and to audiences who have responded topresentations of material reported here. Special thanks to the audience at theinternational workshop on flexible hypertext held in Southampton in April 1997,where some of the ideas described in section 6 were first presented.References(1)MCKEOWN, K. R. Discourse strategies for generating natural-language text.

Artificial Intelligence, 27, 1985, 1—41.(2)KNOTT, A., MELLISH, C., OBERLANDER, J. and O’DONNELL, M. Sourcesof flexibility in dynamic hypertext generation. In

Proceedings of the 8th

International Workshop on Natural Language Generation, pp. 151—160.Herstmonceux, Sussex, UK, 1996.(3)LEVINE, J., CAWSEY, A., MELLISH, C., POYNTER, L., REITER, E.,TYSON, P. and WALKER, J. IDAS: Combining hypertext and natural languagegeneration. In

Proceedings of the Third European Workshop on Natural

Language Generation, pp. 55—62. Innsbruck, Austria, 1991.(4)DALE, R., OBERLANDER, J., MILOSAVLJEVIC, M. and KNOTT, A.Integrating natural language generation and hypertext to produce dynamicdocuments.

Interacting with Computers, 11(2), 1998, 109—135.(5)HALASZ, F. G. Reflections on NoteCards: Seven issues for the next generationof hypermedia systems.

Communications of the ACM, 31, 1988, 836—852.

20(6)BRUSILOVSKY, P. Methods and techniques of adaptive hypermedia.

User

Modeling and User Adapted Interaction, 6(2—3), 1996, 87—129.(7)SERRELL, S.

Exhibit Labels. AltaMira Press, 1996.(8)MILOSAVLJEVIC, M. and OBERLANDER, J. Dynamic electronic catalogues:helping users to help themselves. In

Proceedings of Hypertext 98, pp. 123—131.June 1998.(9)STOTTS, D. and FURUTA, R. Petri—net based hypertext: document structurewith browsing semantics.

ACM Transactions on Information Systems, 7, 1989,3—29.(10)NILL, A et al..

This Volume.(11)DE BRA, P. and CALVI, L.

This Volume.(12)OBERLANDER, J., MELLISH, C., O’DONNELL, M. and KNOTT, A.Exploring a gallery with intelligent labels. In

Proceedings of the Fourth

International Conference on Hypermedia and Interactivity in Museums, pp153—161. Paris, September, 1997.(13)HITZEMAN, J., MELLISH, C. and OBERLANDER, J. Dynamic generation ofmuseum web pages: The intelligent labelling explorer.

Archives and Museum

Informatics, 11, 1997, 105—112.(14)Intelligent Labelling Explorer: (a) current version of the system at:

http://cirrus.dai.ed.ac.uk:8000 (b) ILEX2.0 also available at:http://www.cstr.ed.ac.uk/cgi-bin/ilex.cgi(15)SHNEIDERMAN, B., BRETHAUER, D., PLAISANT, C. and POTTER, R.The Hyperties electronic encyclopedia: An evaluation based on three museuminstallations.

Journal of the American Society for Information Science, 40,1989, 172—182.(16)MOORE, J. D. and SWARTOUT, W. R. Pointing: a way toward explanationdialogue. In

Proceedings of AAAI90, 1990.(17)MANN, W. C. and THOMPSON, S. A. Rhetorical structure theory: A theory oftext organization.

Text, 8(3), 1988, 243—281.(18)O’DONNELL, M. Variable-length on-line document generation. In

Proceedings of the 6th European Workshop on Natural Language Generation Gerhard-Mercator University, Duisburg, Germany, 1997.(19)MILOSAVLJEVIC, M. Maximising the Coherence of Descriptions viaComparison. PhD Thesis, Macquarie University. In press.(20)Speech Output Labelling Explorer: http://www.cstr.ed.ac.uk/projects/sole.html(21)GELDOF, S.

This Volume.(22)MILOSAVLJEVIC, M., TULLOCH, A. and DALE, R. Text generation in adynamic hypertext environment. In

Proceedings of the Nineteenth Australasian

Computer Science Conference, pp. 417—426. Melbourne, Australia, 1996.

21(23)Hyper-Interaction within Physical Space:http://www.ing.unisi.it/lab_tel/hips/Newhips.htm(24)NOT, E., PETRELLI, D., STOCK, O., STRAPPARAVA, C., andZANCANARO, M. Person-oriented guided visits in a physical museum. In

Proceedings of the Fourth International Conference on Hypermedia and

Interactivity in Museums, pp162—172. Paris, September, 1997.(25)CARTER, E. Quantitative Analysis of Hypertext Generation and OrganisationTechniques. PhD thesis, Department of Artificial Intelligence, University ofEdinburgh, 1996.(26)GRIBBIN, J.

In Search of Schr�dinger’s Cat. London: Wild Wood House, 1984.(2nd edition, 1991, London: Black Swan.)(27)LANDOW, G. The rhetoric of hypermedia: Some rules for authors.

Journal of

Computing in Higher Education, 1, 1989, 39—64. Reprinted in P. Delany and G.Landow (eds.)

Hypermedia and Literary Studies, pp. 81—104. Cambridge, MA:MIT Press, 1991.(28)DILLON, A. and VAUGHAN, M. "It’s the journey and the destination": Shapeand the emergent property of genre in evaluating digital documents. New Review of Multimedia and Hypermedia, 3, 1997, 91-106.

22Figure 1: the front page of ILEX2.0Figure 2: a page generated on demand by ILEX2.0

23Figure 3: a fragment of ILEX2.0’s content potential, showing concession relationsbetween facts, and the entities which they involve. Notice that negative facts, like

J1299 is not made of enamel, are not stored separately, but are generated fromexisting positive polarity facts only in contexts where the reader has grounds forbelieving the proposition which is negated, as here.

24[11] <a: in move 8 of interaction, user re-selects B�low-H�be necklace>This necklace was made for Georg Jensen. It resembles the bracelet, in that like thebracelet, it is made from silver metal.<b: user selects machine-age necklace>This jewel is also a necklace. It is in the machine-age style and was made in 1930. Itis made from chrome. It has no fear of pattern, in that it incorporates patterns with arepetitive element.Machine-age style jewels usually have regularly repeated forms. To take an example:this jewel is made up of a pattern of interlocking rods; indeed machine-age stylejewels usually incorporate patterns with a repetitive element (for instance this jewelhas regularly repeated forms).Other jewels in the style include: ...<c: user selects follow-up>This necklace resembles the waist-buckle, in that like most machine-age style jewels,it has regularly repeated forms. However it differs from the waist-buckle, in that it ismade from chrome, whereas the waist-buckle was made from enamel.As already mentioned, this necklace is in the machine-age style. Machine-age stylejewels differ from Organic style jewels. Organic style jewels usually draw on naturalthemes for inspiration; for instance the previous item looks crystalline (specifically itlooks rather like a section of crystal).Other jewels in the machine-age style include: ...[12] <a: in move 8 of interaction, user re-selects B�low-H�be necklace>This jewel is a necklace and was made by a designer called Torun B�low-H�be. It isin the Scandinavian style and was made in 1960. It is made from rock-crystal andsilver metal. It was made for a client called Georg Jensen. It has clean lines (indeedScandinavian style jewels usually have clean lines).Other jewels designed by B�low-H�be include: ...<b: user selects machine-age necklace>This jewel is a necklace and is in the machine-age style. It was made in 1930. It hasno fear of pattern, in that it incorporates patterns with a repetitive element.

25Machine-age style jewels usually have regularly repeated forms. To take an example:this jewel is made up of a pattern of interlocking rods; indeed machine-age stylejewels usually incorporate patterns with a repetitive element (for instance this jewelhas regularly repeated forms).Other jewels in the style include:<c: user selects follow-up>This necklace is made from chrome and draws for inspiration on machines and theircomponents.Figure 4: Comparison of [11] dynamic and [12] static conversations with ILEX.[Note to Editors: ideally, [11] and [12] should be displayed side-by-side]