Techniques and Tools for Continuous User ParticipationCarola Lilienthal, Heinz Z�llighovenDepartment of Computer ScienceUniversity of HamburgVogt-K�lln-Str. 30D-22527 Hamburg+49 40 54 94-2307/2414{lilienth, zuelligh}@informatik.uni-hamburg.deABSTRACTA widely accepted approach in supporting thedevelopment of new software is user participation. Manydifferent techniques have been suggested that coveranalysis and prototyping. However, software developmentin general includes changing and extending software thatis already in use. In addition, the further development ofexisting prototypes and pilot systems is the basis forevolutionary software development. This paper presentsan approach that supports user participation during thefurther development of existing software. Varioustechniques as well as a tool will be presented, that relatethe documents used during analysis and initial design tothe process of further software development.KeywordsUse quality, prototyping, hyper documentsUSER PARTICIPATIONUser participation is a concept with several connotations.Since the end of the seventies there has been a strongfocus in Central and Northern Europe on the political andemancipatory aspects of user participation (cf. Briefs,Ciborra, Schneider 1983, Docherty, Fuchs-Kittowski,Kolm, Mathiassen 1987), i.e., user participation is seenas a means of giving people a say in the conditions andequipment used in their workplaces. This interpretation ofuser participation has led accordingly to suggestions as tohow to organize the software development process. Thedecision making process in particular should be organizedin such a way that the end users’ ideas about a newsystem be heard and accepted.Use Quality and User ParticipationAs software engineers however, our understanding of userparticipation stresses a different aspect. We are primarilyconcerned with the quality of use in a process outcome —the application software. The use quality has someobvious application-oriented characteristics:• functionality of the system should suit the tasks ofthe application area.• the handling of the system has to be adequate for itsusers.• the implemented sequence of the system�s functionsand operations should correspond with the sequence ofthe actual work processes and so on.These "external" factors of use quality are based on"internal" software technical factors such as modulardesign, information hiding and abstraction (cf. Meyer1988).Nevertheless, use is unavoidably related to the tasks,work processes, concepts and terms of the applicationarea. As software developers we have to accept that thereal experts in the application area are those who aretraditionally called users or end users. At this point, ourunderstanding of user participation becomes apparent.Software experts and application domain experts need towork together in order to provide a useful and usablesoftware product. One could question though, whetherthis corporation should still go under the heading ofparticipation. Some have suggested the alternative term ofuser involvement. We believe that every softwareengineer has the professional responsibility in ensuringthat all parties cooperate in developing a system wherethe quality of use is optimal.This cooperation, however, doesn�t occur withoutdifficulties. Much has been said about the gap betweenthe developers’ world and the users’ world (cf. Floyd1987). Bridging this gap in software development entailsrealizing that the parties involved all have differentperspectives (cf. Floyd, Z�llighoven, Budde, Keil-Slawik1992). The development process should therefore beorganized so as to provide the techniques for making theseperspectives explicit. In meeting these requirements asoftware project should result in a model which is anadequate representation of the application domain for allparties concerned. It would be desirable if this model werebased on a "democratic consensus" among the differentgroups, but from our point of view this need notnecessarily be the case.With the quality of use as the central issue, it is moreimportant that the model reflects the essential tasks andconcepts of the application domain. The model should bethe basis of discussion between the developers and the application domain experts. Therefore, softwaredevelopment is seen as a communication and learningprocess (cf. Floyd 1987). Note that this position does notnegate the importance of user participation as a means ofdemocracy at the work place, but it focuses on whatseems to be the "lower level" engineering prerequisites.Put more simply, a software engineer’s job is to provide auseful and usable software system. Or, if the system isn’trelevant, adequate or suitable to its users, what is left ofparticipation? R. Brooks (1996) voices a similar ideasaying that software engineers should consider themselvesas toolsmiths for their users, which suggests that theultimate test for quality is use.We have chosen an evolutionary, object-orientedapproach, called the Tools and Materials Approach, thataims at providing software components with this degreeof quality in use. User participation here essentiallymeans integrating users and other relevant parties activelyin the development and further development of software.The aim is twofold: firstly users provide their domainknowledge as the basis for the system�s design. Secondlythey provide feedback in analyzing, modeling andevaluating activities.This paper proposes that this type of user participationshouldn�t be restricted to the traditional software projectnotion which ends when the software is shipped andinstalled at the workplace. Software has to be furtherdeveloped throughout its entire life cycle, i.e., as long asa system is used within an organization. Seeing thisfurther development as an ongoing activity we have toprovide means for maintaining the quality of use.In the following, we will outline the essentials of theTools and Materials Approach. This approach provides uswith a frame of reference for the ensuing discussion oncontinuous user participation.The Tools and Materials ApproachThe Tools and Materials Approach can be seen as anapplication-oriented interpretation of object-orienteddesign (cf. B�umer, Gryczan, Z�llighoven 1995; Riehle,Z�llighoven 1994). The essential point behind objectorientation in the context of this paper is the closerelationship between the tasks and concepts of theapplication domain and the software model. However, thismodeling process is not geared towards work as a processitself. As Alan Kay (1977) says "do not automate thework you are engaged in, only the materials". Thus,application software should provide appropriate andflexible components to support the various ways ofworking.This way of looking at software can be made moreexplicit by what we call a leitmotif or general guideline.A leitmotif, in general, should help developers and usersto understand and design a software system. As ourleitmotif we have chosen a workplace where a certaindegree of individual responsibility is called for. Thisleitmotif becomes tangible with the help of a set ofdesign metaphors which solidify the general guidelines ina pictorial way. Similar ideas have been discussed inMaa§ and Oberquelle 1992. Design metaphors which haveproven useful for application software in office-likeenvironments are materials, tools, automatons and workenvironment (cf. B�umer et al. 1995; Riehle et al. 1994).The Tools and Materials Approach attempts to identifythe relevant objects and means of work in order to designan electronic workplace. This workplace is equipped witha useful set of materials, tools and automatons (seeFig.˚1), that aid in completing the task at hand.These central metaphors stem from the observation thatin many work situations people make intuitivedistinctions are made between those objects which areworked on, i.e., materials, and those which are the meansof work, i.e., tools. These metaphors suggest certain userelated characteristics:¥A tool (see Fig. 1) supports recurring work proceduresor activities. It is useful for various tasks and aims.¥A tool is always handled by its user who decides whento take up a tool and what to do with it.¥Materials (see Fig. 1) are the objects of work whichfinally become the result or outcome of tasks. Theyincorporate "pure" application domain functionality.¥A material is worked on by tools according toprofessional needs. A material should be characterizedby its potential behavior not its internal structure.Not everything in an office environment is a tool or amaterial. There are certain cumbersome work routines auser wishes to delegate to a machine. To fulfill theserequirements the metaphor automaton (see Fig. 1) wasadded. An automaton is started by a user and is active overa long period in the background. Once set and started itproduces a predefined result without user interaction.Tools, materials and automatons need to be presented andaccessible to the user. There is always a place where workis done and where tools, materials and automatons can befound. The metaphor work environment (see Fig. 1)corresponds to this. Users should have their own workmaterialtoolenviron-ment automaton

UseFig.1: The metaphors environment with its own arrangements of things andprivacy.Using metaphors for software design is not a new idea (cf.Carroll, Mack, Kellogg 1988). There has even been longdiscussion in Scandinavia on using the tool metaphor (cf.Ehn 1988). It should be noted, however, that we areoffering a comprehensive set of design metaphorsintegrated within a uniform leitmotif. For each designmetaphor there is a set of design patterns (in the sense ofGamma, Helm, Johnson, Vlissides 1994) describing thetechnical architecture of the appropriate softwarecomponents (cf. Riehle et. al. 1994).It should have become clear in the above that application-oriented quality in use is our central issue. It becomes, infact, the primary consideration in user participation. Wehave outlined the leitmotif and the matching designmetaphors which help to guide and shape the design ofthe future system. To allow user participation a set ofdocuments is needed. These are presented in the followingsection.DOCUMENT TYPESSoftware development as described above should be seenas a communication and learning process. The need forapplication-oriented documents as the basis for thisprocess should be fairly obvious. Hence, there seems tobe a general consensus amongst those interested in thequality of use and user participation that new documenttypes are needed (e.g. Carroll, Rosson 1990; Jacobson,Christerson, Jonsson, �vergaard 1992).Appropriate Document TypesWe have evaluated the various proposals and have selecteda set of matching document types which fit our approach.The predominant prerequisite is that these document typesbe based on the professional language used in theapplication domain. In most cases they have to be writtenin prose. We have successfully used a set of application-oriented document types that are well-known undervarious names in the literature (cf. B�umer et al. 1995):¥Scenarios (see Fig. 2) describing the current worksituation, the everyday tasks and the objects and meansof work. Scenarios are written by developers based oninterviews with users and the various other groupsinvolved.¥Glossaries defining and reconstructing the terminologyof the professional language in the application domain.¥System visions (see Fig. 3) anticipating future worksituations. They are comparable to use scenarios (cf.Jacobson et al. 1992) and are frequently supported byprototypes (cf. Lichter, Schneider-Hufschmidt,Z�llighoven 1994).In recent projects we have also successfully usedcooperation pictures, a variation of rich pictures based onpictograms, to represent joint tasks (cf. Krabbel, Ratuzki,Wetzel 1996).The crucial point in using these documents is thetransition from the current work situation to the futuresystem. While documents that describe current worksituations (e.g. scenarios, glossary entries) can usually bediscussed and evaluated by the application domain expertswithout major difficulties, discussing and evaluating thedesign of the future system is different. People tend tofind it difficult to anticipate future ways of coping withtasks or handling a system. For this reason and notsurprisingly prototypes play a central role in our approach(cf. Budde, Kautz, Kuhlenkamp, Z�llighoven 1992).An advisor fetches a customer advice file, looks for therequired product in the index and opens the file at thedesired spot. In addition to the customer advice file, thereis a form file in which standard forms (e.g., contractswith third parties) are deposited, and a specimen file inwhich completion guides and code sheets are deposited.Fig. 2: A scenarioPrototypes are tangible objects for anticipating futuresituations both from use-related and technicalperspectives. It is, however still important that theemerging vision of the future system is documentedbeyond the actual prototypes. A prototype does not showthe intended use context, explain design decisions oroutline the anticipated handling of tasks. Therefore a setof different "subtypes" of system visions which relate tothe different aspects of the future system is provided:¥General visions represent an overview of how asystem’s functionality is embedded in its context. Thecontext can be both the technical environment and theuse context. One general vision could describe forexample to what extent existing tasks will be supportedby the future system and which tasks will vanish due torationalizing effects of the system.¥Procedural visions (see Fig. 3) present how individualtasks can be accomplished by utilizing tools,automatons and materials. Again technical andapplication-oriented procedural visions are written.While the technical visions describe the algorithms andstate transitions of the software components theapplication-oriented visions portray a task from a useperspective.¥Within component visions the functionality ofcomponents is described without considering the tasks.There are three different types of component visions:tool visions, material visions, and automaton visions.Tool visions consist of tool-interface sketches and adescription of the offered functionality. Material andautomaton visions include the functionality ofautomatons and materials.Scenarios, a glossary and system visions are employed toinitiate the process of user participation. Since alldocuments are written in prose the users are able tounderstand and develop their own opinion of the varioustexts. This cooperation between developers and users can be increased by an appropriately organized developmentprocess.An advisor opens a customer advice file by double-clicking the mouse, first selects all products from avisible table of contents, and then selects the desiredvariant from a second table of contents (also with adouble-click) - thus also causing the corresponding saleshelp facility to be dispayed.Fig. 3: A procedural visionSetting Documents and Prototypes to WorkTo get the learning and communication process going, itis important that the traditional life cycle strategies besubstituted with an evolutionary concept of fast designand feedback cycles (see Fig. 4).These cycles come about by employing documentscombined with prototypes (s. Fig. 5). For exampledevelopers interview users at their workplaces and preparescenarios which are evaluated by the interviewees andother users. In designing a new system on the basis ofthese scenarios, system visions are written by developersand respective prototypes are realized. These prototypesare afterwards evaluated in workshops or "hands-onsessions" by the users.It is important to note that during these feedback cyclesany problems that occur should direct us to theappropriate documents that need modification (see Fig. 5).There is no predefined sequence of access to thedocuments; in principle, all are at any point available.On the one hand the various documents are a necessarybasis for the development of prototypes. On the otherthey are of equal importance for evaluating prototypes.Some advocates of "rapid prototyping" go as far asclaiming that written requirements and designdocumentation are superfluous with prototyping. Thedomain knowledge and professional experience of theusers seem to be a sufficient basis for prototypeexperiments and review discussions with developers.Experience shows however, that this is usually not thecase.A prototype represents only a partial solution for thesoftware support needed by the user. To enable asufficient evaluation of a prototype, the part of theapplication domain for which the prototype offers asolution has to become clear to the user. This part of theapplication domain has to be described in a text in orderto make proper use of prototyping. Therefore scenarios, aglossary and system visions are important for evaluatingprototypes.A Net of DocumentsPreparing and evaluating the various documents anddeveloping prototypes in parallel leads to a lot of cross-referencing. A glossary and scenarios, for example,describe the concepts and work tasks found in theapplication domain under static and dynamic perspectives.In this way a glossary and scenarios are related to oneanother. When reading a scenario, a person will frequentlywant to access the corresponding glossary entries forterms used in the task description. At the same time thesedocuments are the conceptual basis for writing systemvisions and building prototypes. Consequently, a net ofpotential relations among the documents has to beconstructed and maintained.This means that scenarios, a glossary and system visionsshould be organized as a hyper document. By using ahyper document the documents are not only the subject ofjoint evaluation but their relationships become clear andtraceable. The net of documents shows the degree ofcommunication during analysis and design. It also reflectsthe level of understanding of the application domain andthe future system. By means of a hyper document theusers are then able to reexamine this understanding.Misunderstandings between developers and users canalready be identified by comparing the various linkeddocuments.In order to allow reasonable access to the hyper document,appropriate tool support is necessary. Typical toolsupport for on-line documentation is a hypermediasystem, for example a WWW-server. These tools offer thetechnical support for linked document structures. Twoother problems make the use of hypermedia systems seemadvisable. First, it is usually difficult to keep linkeddocumentation manually up to date. This problem is analyzedesignevaluateFig. 4: Feedback cycles

analyze

evaluatescenario

glossary vision prototype class library

modelThe process:All documents are

appropriate

The documents:

All documents

used for

communication

alleviated by keeping the documentation on-line.Secondly, during a software project a number of differentdocument versions will be produced. These differentversions can then be archived in the on-linedocumentation to allow reexamination of earlier positionsand designs in the communication between developers andusers.FROM DEVELOPMENT TO USESo far we have outlined a set of guidelines, techniques anddocument types which support the development of a newsoftware system. This approach focuses strongly on thequality of use based on user participation and employsvarious documents and prototyping. Up to this point userparticipation forms an important part of the various otherapproaches (cf. Greenbaum, Kyng 1991). However once asystem is shipped and installed at the users� site -participation seems to disappear.The process of further development, occasioned byadjustments in the software to changing needs andrequirements, is accomplished in a very different way.First of all, this process is rarely seen as development,but as maintenance. The users play a different and oftenmore inferior role, being restricted to writing bug reportsor proposals for new features. These reports are then addedto a long list of backlogged change requests. Changerequests are not usually handled by the original systemdevelopers but by maintenance programmers. They oftenlack the necessary application knowledge and know littleabout the history of the development process.Furthermore, the changes are described and dealt with on aprimarily technical level as features (e.g., a new procedureor a new data field for a screen layout).User participation, thus, isn’t evident during the wholeperiod of actual system use. Lack of insight into thenecessity of user participation as well as an insufficientdocument basis are reasons for this. In the following, wewill present the various aspects of our continuousparticipatory approach, present during the entire life cycleof a software system.Continuous ParticipationDiscussion about prototypes between users and developersis from our point of view only part, albeit an importantone, of user participation. By discussing a prototype withthe user, the developer is able to see how a prototype isused and to gain hints about its usefulness. Thisinformation, however, is not acquired in an actual worksituation but during experiments. The main focus ofattention is in fact directed at evaluating the prototype,during which the user imagines various typical worksituations.Although a lot of problems and misunderstandings willalready become clear during these initial stages, furthercycles are necessary to ensure the usefulness of thesoftware system. These are done with a small test groupof users working with a pilot system. The users are leftto go about their daily work with the pilot system and theon-line documentation.This leads to a first productive version of the softwaresystem and installation at several work places. The userscontinue their appraisal of the system with the aid of theon-line documentation. Problems will surface but thefocus will shift to further development of the system.A software system can only remain useful over a longperiod of time when adjustments occur to suit thechanging surroundings. Some changes are occasioned bynew products or new regulations. Using the softwaresystem will stimulate users to see their work from a newperspective; new organizational ideas will occur as well asinsights into which new concepts to introduce. These allform a crucial starting point for the further development.Inclusion of the evaluation results as well as the users’new ideas in the further development of pilot and softwaresystems require extension of the on-line documentation.User CommentsThe first extension allows the user to add to every text inthe documentation. If a concept seems to bemisinterpreted, a corresponding note can be made in amaterial vision or to the glossary. Difficulties with thehandling of the software system can be commented onwithin the tool visions or scenarios. To explain amisunderstanding of various related concepts and worktasks the comments can form links to other documents.The comments will consist of notes on problems arisingwith the tools, materials and automatons of the softwaresystem. The communication between users and developerswill thus improve and be directed towards concrete partsof the software system described in the system vision. Ifmisunderstandings aren’t restricted to technical aspects butinclude problems on an application domain level, theglossary and scenarios will need to be discussed anew.Relating software and documentationThe second documentation system extension concerns thestrong relationship between the actual work situation,supported by the software system, and the documentsaccessible within the documentation system. Adocumentation system by rights shouldn’t only beavailable as an additional element of the software system.Users are disinclined to search in the on-linedocumentation for the appropriate area to place theircomments.To improve document access we have included a contextsensitive component. A system vision describing thecorresponding part of the software system exists for eachtool, material or automaton. When the user calls thedocumentation system, the context sensitive componentidentifies which tool or automaton the user is currentlyhandling and which materials are involved. In accordancewith this information - system visions, glossary entriesor scenarios are displayed.

This section has introduced how extended on-linedocumentation serves users and developers. The contextsensitive component is a step towards more effective userparticipation. Discussing the software system with thehelp of the documentation supports user participation in away that would otherwise end with evaluating prototypes.TOOL SUPPORT FOR USER PARTICIPA-TIONTo realize our ideas about continuous user participationwe have used WWW-servers in several university andindustrial projects. The underlying concept of WWW-documents, though didn’t quite meet our requirements.With the help of a WWW-server, developers can arrangedocuments for users to read and provide comments,however fulfilling our user participation criteria requiresmore support. In the following, the handling of thedocumentation system (see Fig. 6) will be described. Thissystem has been implemented and used in universityprojects (cf. Lilienthal 1995).Hypertext with commentsThe glossary, scenarios and system visions are representedas nodes in a hypertext, and are linked to one another.Comments recorded by the users are also realized as nodesin the hypertext.If a user decides to add to the documentation, a new hypernode is created. In order to outline which documents acomment refers to, users are able to create links betweentheir comments and other hyper nodes. In addition, thedocumentation system allows the user to indicate whethera comment is for public or for private access. Publiccomments can be read by every user or developer who hasaccess to the documentation system.Orientation in a Hyper DocumentA frequently reported problem with hypertext systems isthe lack of orientation offered. Net-like structures onlygive users scanty clue in finding their way.In employing the documentation system the user willopen various browsers (see Fig. 7) to read systemvisions, glossary entries or scenarios. Editors will appearon the screen to be filled with comments. Each browseror editor offers more than just the text of a document or acomment and links to other documents. To supportorientation some basic information is displayed: the nameof the tool (browser or editor), the title, the type and theversion of the document worked upon as well as the nameof the author (see Fig. 7). This information enables usersto distinguish between the documents on a higher level ofabstraction than just textual. The users are able to identifydifferent categories of documents and develop their ownways of working with them.To equip users with more possibilities to work with andto gain orientation within the documentation system threeother features were added. Users are able to mark hypernodes and return to them later on (see Fig. 7). A searchfunction allows access to documents by looking for aspecific word (see Fig. 6). Each browser and editor isprovided with a history, so that users can trace back to thehyper nodes already visited (see Fig. 7).CONCLUSIONWe have introduced concepts andtechniques to enable userparticipation during the entire software developmentprocess. Document types that encourage user participationduring analysis and initial design have been linked toprototyping and further development. An on-linedocumentation system has been described. Thisdocumentation system offers possibilities such ascomments, context sensitivity and several handlingfacilities to support users in evaluating pilot systems andsoftware systems. On the basis of this, ongoingdiscussion between developers and users can be supportedand organized more efficiently.

ACKNOWLEDGMENTSWe would like to thank Yvonne Dittrich, CharlesMacInnes and the reviewers for their advice and help.REFERENCESBriefs, U., Ciborra, C., Schneider, I. (1983) (Eds)Systems Design For, With and By the Users. North-Holland, Amsterdam.Brooks, F.P. (1996) The Computer Scientist asToolsmith II. Communications of the ACM, 39, 3(March 1996), p. 61˚— 68.Budde, R., Kautz, K., Kuhlenkamp, K., Z�llighoven, H.(1992) Prototyping. Springer-Verlag, Berlin.B�umer, D., Gryczan, G., Knoll, R., Z�llighoven, H.(1996) Large Scale Object-oriented SoftwareDevelopment in a Banking Environment. In: Cointe,P. (Ed.) ECOOP �96 - Object-Oriented Programming,Lecture Notes in Computer Science, Springer-Verlag,Berlin, pp. 73-90.B�rkle, U., Gryczan, G., Z�llighoven, H. (1995) Object-Oriented System Development in a Banking Project:Methodology, Experience, and Conclusions.Proceedings of HCI, Vol. 10, pp.˚293-336.Budde, R., Z�llighoven, H. (1992) Software Tools in aProgramming Workshop. In Floyd, C., Z�llighoven,H., Budde, R., Keil-Slawik R. (Eds.) SoftwareDevelopment and Reality Construction. Springer,pp.˚252—268.Carroll, J.M., Mack, R.L., Kellogg, W.A. (1988)Interface Metaphors and User Interface Design. InHelander, M. (Ed.) Handbook of Human-ComputerInteraction, pp. 283—307.Carroll, J.M., Rosson, M.B. (1990) Human ComputerInteraction Scenarios as Design Representation.Proceedings of the Hawaii International Conference onSystem Sciences, Los Alamitos CA IEEE ComputerSociety Press, pp. 555-561.Docherty, P., Fuchs-Kittowski, K., Kolm, P.,Mathiassen, L. (Eds.) (1987) System Design ForHuman Development and Productivity: Participationand Beyond. North-Holland, Amsterdam.Ehn, P. (1988) Work—oriented Design of ComputerArtifacts. Almquist and Wiksell International,Stockholm.Floyd, C. (1987) Outline of a Paradigm Change inSoftware Engineering. In Bjerknes, G., Ehn, P.,Kyng, M. (Eds.) Computer and Democracy, Avebury,Gower Publishing Company Limited, Aldershot.Floyd, C., Z�llighoven, H., Budde, R., Keil-Slawik, R.(Eds.) (1992) Software Development and RealityConstruction. Springer-Verlag, Berlin.Gamma, E., Helm, R., Johnson, R., Vlissides, J. (1994)Design Patterns - Elements of Reusable Object-Oriented Software. Addison-Wesley, Reading.Greenbaum, J., Kyng, M. (Eds.) (1994) Design at Work.Cooperative Design of Computer Systems. Erlbaum,Hillsdale.Jacobson, I., Christerson, M., Jonsson, P., �vergaard, G.(1992) Object-oriented Software Engineering. A UseCase Driven Approach. Addison-Wesley, Reading.Krabbel, A., Ratuski, S., Wetzel, I. (1996) RequirementsAnalysis of Joint Tasks in Hospitals. In Dahlbom,B., Ljungberg, F., Nuld�n, U., Simon, K., Sorensen,C., Stage, J. Proceedings of IRIS 19 II. (August 10-13, L�kegerg, Sweden) Gothenburg Studies inInformatics, Report 8, June, pp. 733-750.Kay, A. (1977) Microelectronics and the PersonalComputer. In Scientific American, Vol.237, No.3,Sepember, pp. 230-244.Lichter, H., Schneider-Hufschmidt, M., Z�llighoven, H.(1994) Prototyping in Industrial Software Projects -Bridging the Gap Between Theory and Practice. InIEEE Transactions on Software Engineering 20, 11,pp. 825-832.Lilienthal, C. (1995) Konstruktion und Realisierungeines an der Anwendung orientierten Hilfesystemsnach der Werkzeug-Material Metapher, DiplomaThesis, University of Hamburg, in German.Maa§, S., Oberquelle, H. (1992) Perspectives andMetaphors for Human-Computer Interaction. InFloyd, C., Z�llighoven, H., Budde, R., Keil-Slawik,R. (Eds.) Software Development and RealityConstruction. Springer Verlag, Berlin.Meyer, B. (1988) Objet-oriented Software Construction.Prentice Hall, Hemel Hempstead.Riehle, D., Z�llighoven, H. (1995) A Pattern Languagefor Tool Construction and Integration Based on theTools & Material Metaphor. In Coplien, J.O.,Schmidt, D.C. Pattern Languages of Program Design.Addison-Wesley, Reading, pp.˚9-42.