To appear in: The Encyclopedia of Computer Science and TechnologyA. Kent and J. G. Williams, (Eds.). New York: Marcel Dekker, Inc. (1996)

Design Argumentation as Design RationaleSimon BUCKINGHAM SHUMKnowledge Media InstituteThe Open UniversityMilton KeynesMK7 6AA, U.K.Tel: +44 1908-655723Fax: +44 1908-653169S.Buckingham.Shum@open.ac.uk

ContentsI.The idea of design rationale................................................................................... 1II.Design rationale as argumentation........................................................................ 2A.The vision, and a representation......................................................................... 2B.Developing the vision......................................................................................... 3C.Argumentation-based DR notations................................................................... 6D.Embedding argumentation in the design artifact.............................................. 13III.Argumentation-based DR in use.......................................................................... 15A.Recording design argumentation can assist ongoing design work................... 15B.Access to argumentation about past decisions can be valuable....................... 18C.Creating design argumentation can also impede ongoing design work........... 19D.Summary of empirical studies.......................................................................... 20IV.Lessons learnt, and the future agenda................................................................ 21A.Negotiating the cost/benefit trade-off: notations and tools.............................. 21B.Who should use it, and how?............................................................................ 24C.The importance of training............................................................................... 25D.Towards model-based DR for user interfaces.................................................. 26E.Building DR on existing organizational practices............................................ 26F.Politics and organizational culture................................................................... 27V.References.............................................................................................................. 28VI.Bibliography for further reading......................................................................... 32

Design Argumentation as Design RationaleAbstractA design rationale (DR) is a representation of the reasoning behind the design of an artifact.In recent years, the use of semiformal notations for organising arguments about designdecisions has attracted much interest within the software engineering and human-computerinteraction communities, leading to the development of a number of DR notations and toolenvironments. This article begins by reviewing the motivation for expressing DR as designargumentation, and then surveys evidence from design studies to show when and how it canbe productive to construct explicit design argumentation during design. The article thendiscusses practical cognitive, organizational and technological factors which could facilitatethe uptake of design rationale systems.Keywords:design rationale, argumentation, process-oriented software engineering,organizational memory, computer-supported collaborative workI.The idea of design rationaleA design rationale (DR) expresses elements of the reasoning which has been invested in thedesign of an artifact. A DR answers Why...? questions of different sorts, depending on theclass of DR represented. Recently, interest in DR has been growing amongst the developmentand research communities in both software engineering [1-6], and human-computerinteraction [7-12] .It has been argued for some time [2,13] that at present the software development process islargely artifact oriented, that is, the emphasis is on generating and tracking design artifactsthroughout the lifecycle�requirements, specifications, prototypes, user documentation�culminating in the final system itself. However, the process by which these artifacts assumetheir final form�in particular, the reasoning underlying the decisions which shape theproducts of design�often remains implicit (e.g. hidden in minutes of meetings, designnotebooks, e-mail archives, or designers� memories), and is consequently difficult to recover,and even harder to reuse. Forward looking design organizations are increasingly recognisingthe value of finding ways to capture and reuse the effort and expertise which has beeninvested in development projects, in order to learn from past mistakes, avoid re-inventing thewheel when a similar problem has already been solved, and support the latter stages of thedesign lifecycle when questions about early design decisions often cannot be answered. (It hasbeen estimated, for instance, that up to 70% of lifecycle costs are incurred in the maintenancephase, and that up to half of system maintainers� resources are taken up with reverseengineering designs in order to make appropriate changes [2,14]).The challenge for DR research is to find the most helpful, accessible representations forexpressing design reasoning, which whilst minimising the non-productive effort required tocreate it (encoding useful DR is bound to require some effort), maximises its utility for thosedesigners creating it, and for others subsequently. I shall shortly describe how the expressionof design rationale as arguments about design issues has been attracting interest, and shallrefer to these approaches as argumentation-based DR. Proponents of approaches such as thisargue that they have the potential to play several useful roles in design:¥structuring and analysing novel design problems¥keeping track of decisions

Design Argumentation as Design Rationale2¥communicating design reasoning within projects¥maintaining consistency in decision-making¥tracking progress in projects and identifying recurring and unresolved issues¥supporting the building of cumulative design knowledge, through reusing DR¥assisting the integration of perspectives from multiple stakeholders on decisions.The remainder of this article is organised as follows. Firstly, historical and conceptualbackground is provided to show why argumentation, particularly in graphical, hypertext form,has come to be used for expressing design rationale. Secondly, a number of case studies aredescribed, and critiqued, to show how argumentation-based approaches to DR have beenused in software development. Finally, practical lessons from these studies are suggested, andkey issues which need to be addressed are highlighted.II.Design rationale as argumentationIn this section, three strong influences are identified which serve as historical and conceptualroots to the current interest in argumentative DR. Examples of argumentation-based DRnotations are then introduced, to acquaint the reader with the representations and tools ofconcern.A.The vision, and a representationPossibly the earliest �mission statement� which argumentation research today continues topursue was set out by Englebart [15], in his seminal paper, A Conceptual Framework for theAugmentation of Man�s Intellect. This foresaw the day when computers, far more powerfulthan those available at the time of writing, would enable people to overcome some of thelimitations of their cognitive faculties by manipulating externalised �concept structures�:A concept structure (...) is something that can be designed or modified, and a basic hypothesisof our study is that better concept structures can be developed�structures that when mappedinto a human�s mental structure will significantly improve his capability to comprehend andto find solutions within his complex-problem solving situations.Englebart, 1963 (reprinted in [15], p. 54)This vision of designing better computer-supported notational structures with which to thinkmarks the beginning of the trail which much of the work surveyed in this paper has continuedto explore. We shall not discuss this work in any more detail, except to note that Englebart�sframework1 embraced not only cognitive tools, but notational and training issues, facets ofDR research on which we focus in more detail towards the end of this paper.The second �root� concerns the representational form for arguments. The Uses of Argument byStephen Toulmin [16] was originally written as a challenge to the dominance in philosophy offormal, Aristotelian logic. Toulmin�s aim was to develop a view of logic which wasgrounded in the study of reasoning practice. Taking argumentation as the most common formof practical everyday reasoning, he posed the question, �what, then, is involved inestablishing conclusions by the production of arguments?� His analysis of the logicalstructure of arguments led to a graphical format for laying out the structure of arguments, arepresentational approach reflected in much subsequent argumentation work.

1Englebart developed what he called the �H-LAM/T� framework (Humans using Language, Artifacts, andMethodology, in which they are Trained).

Design Argumentation as Design Rationale3The notation consists of five components and four relationships (Figure 1). According to theanalysis, whether or not it is made explicit, all arguments logically comprise a fact orobservation (a Datum), which via a logical step (a Warrant), allows one to make a consequentassertion (a Claim). The Warrant can be supported by a Backing if necessary (why theassumed Warrant is valid), and the Claim qualified with a Rebuttal (specifying exceptions tothe rule).

sosinceunlesson account ofBoth his parents were aliens/he has become a naturalised AmericanA man born in Bemuda will generally be a British subjectSee legal statutes...Harry is a British subjectHarry was born in BermudaClaimDatumWarrantBackingRebuttalCertainly

FIGURE 1: An example of Toulmin�s graphical argument structure [16] .The purpose of this review is to set the conceptual background for the use of argumentation-based DR, so the considerable amount of debate which Toulmin�s model stimulated is not ofimmediate relevance. Further discussion can be found in Hair and Lewis [17], and Newmanand Marshall [18] who set the model in context within the wider philosophical literature onargumentation. It is sufficient to note that Toulmin�s work, through its use of a semiformalgraphical representation, was the first step towards the argumentation schemes being used atpresent.B.Developing the visionEnglebart�s call helped set in process research efforts in numerous locations. One of the mostinfluential of these was based at the Xerox Palo Alto Research Center, where research intocomputational support for idea structuring tasks like writing and argumentation was justbeginning in the early 1980s. In a forward looking paper, Brown [19] focused on thepotential value of representing the process by which ideas and artifacts develop, as well as thefinal product:Process versus productBy focusing in the design of empowering environments on the product of a creative effort, weare missing the real source of power for computer-based tools: the computer can record andrepresent the process underlying the created product. By making explicitly available to theuser the series of steps and missteps that leads to the creation of a particular object or result,we create a basis on which to build extraordinarily powerful editing, merging, undoing, andtransforming tools. Tools designed to manipulate this �historical� information, or audit trail,

Design Argumentation as Design Rationale4can be used to carry out intellectual and creative tasks of great complexity. (p.182, originalemphasis)(...) By maintaining an explicit audit trail of the steps that led to the created �object,� notonly can more powerful tools be constructed but, perhaps more importantly, the ability forone to understand what another has done is greatly enhanced. (p.183)Complementary to this challenge, and perhaps as one possible solution, was a subsequentinterest in the potential of tools for manipulating and filtering arguments [20]:Current communications tools and methods force the crafting of complex arguments intolinear form for presentation, so that the web-like connections among ideas is hidden fromview, making it difficult to see alternate interpretations and points of view. (...) As a resultmany of the underlying ideas, arguments and assumptions either remain implicit or are lostaltogether. But consider the possibility of crafting new information tools to capture not justconclusions and the view of matters that supports them, but to allow the explicitrepresentation of underlying assumptions and argument structures. (p. 484)It was noted in particular that work was needed on developing notations with an appropriatevocabulary for the task domain:To accomplish these goals, we need a taxonomy of epistemological links for relating ideas, aswell as link-related filters. That is, we must now think about giving users access to andutilisation of not just undifferentiated links, but links with appropriate kinds of labels.(p.˚485)Representation of these two key elements — deliberation process and arguments �withappropriate kinds of labels� —˚are precisely the concerns dominating DR research. In asubsequent project on computational support for meetings, Stefik et al. [21] explicitly set outto substantiate the first claim examined in this paper with a tool called Argnoter:[Design] is essentially a dialectic between goals and possibilities... in collaborative designtasks, this interaction and tension between goals and alternatives must play itself out in thecommunications among collaborators. ...A major theme of Argnoter�s design is thatalternatives be made explicit: Proposals themselves are explicit, as are assumptions andevaluation criteria. (p. 38)A major working hypothesis behind the design of Argnoter is that making the structure ofarguments explicit facilitates consensus by reducing uncommunicated differences. (p. 40)The motivation behind Argnoter was clearly that of a �group DR� tool — a way to representdesign arguments explicitly, but with the group process adding another dimension. It washypothesised that the process of striving to agree on rankings and assumptions in Argnoterwould help designers recognise where their differences lay (cf. Claim 1 in this paper).Although Argnoter was never built [22], we note this work in passing since it was one of theearliest specifications for a DR tool using modern technology.To conclude this section, it is necessary to recognise the seminal work of Horst Rittel, whichhas strongly influenced the adoption of semiformal argumentation as a representational basisfor DR [23,24]2. Several DR research efforts (e.g. [9,26,27]) have described in some detailhow their approaches derive from Rittel�s concept of argumentative design, which wasmotivated, at least in the first instance, by different concerns from those of Englebart andToulmin.

2Other reviews of Rittel�s philosophy and of IBIS can be found in [9,25].

Design Argumentation as Design Rationale5Rittel et al. made two important contributions to our understanding of design and the role ofargumentation. Firstly, they characterised many design problems as �wicked,� in contrast to�tame� or �benign� problems which can be modelled computationally:�Wicked and incorrigible [problems]...defy efforts to delineate their boundaries and toidentify their causes, and thus to expose their problematic nature� [24].Such problems lack a single, agreed-upon formulation or well-developed plans of action, areunique, and have no well-defined stopping rule, because there are only �better� or �worse�(rather than right or wrong) solutions. Closure is often forced by pragmatic constraints (e.g.managerial or political) rather than �rational scientific� principles. Subsequent research intothe properties and defining features of �ill-structured� design problems and the problemsolving strategies required to solve them have since corroborated Rittel�s characterisation ofsuch problems [28-30].The second contribution made by Rittel et al., was their response to the challenge of wickedproblems. Such problems could not be solved by formal models or methodologies, classed byRittel as the �first-generation� design methodologies. Instead, an argumentative approach tosuch problems was proposed (a second-generation design method). The essence of thisperspective was that an open-ended, dialectic process of collaboratively defining and debatingissues is a powerful way of discovering the structure of wicked problems:�First generation methods seem to start once all the truly difficult questions have been dealtwith already (...) The second generation deals with difficulties underlying what was taken asinput for the methods of the first generation.�[Second generation] methods are characterised by a number of traits, one of them beingthat the design process is not considered to be a sequence of activities that are pretty welldefined and that are carried through one after the other, like �understand the problem, collectinformation, analyse information, synthesise, decide,� and so on...�My recommendation [for the future of design methodologies] would be to emphasiseinvestigations into the understanding of designing as an argumentative process ... how tounderstand designing as a counterplay of raising issues and dealing with them, which in turnraises new issues, and so on...�[Argumentative design] means that the statements are systematically challenged in orderto expose them to the viewpoints of the different sides, and the structure of the processbecomes one of alternating steps on the micro-level; that means the generation of solutionspecifications towards end statements, and subjecting them to discussion of their pros andcons.�(from an interview with Rittel, 1972 [31])This perspective motivated the development of the Issue Based Information System (IBIS) asa medium to encourage the open deliberation of issues. The three key IBIS entities wereIssues, Positions and Arguments, which could be linked by relationships such as supports,objects-to, replaces, temporal-successor-of, more-general-than, and their converses.Visualised as a graph, an IBIS grows into a network as more Issues are posted and debated(Figure 2).

Design Argumentation as Design Rationale6IssuePositionArgumentArgument

responds toPosition

— objects toIPAPA

IPAPPAA

+ supports+—

FIGURE 2: The basic IBIS structural unit of Issues, Positions and Arguments,developed to support Rittel�s argumentative approach to wicked problem solving.(Reproduced with permission from [48], Academic Press Ltd.)To summarise, in conjunction with Englebart, Toulmin, and Brown, Rittel contributes to theconceptual and historical context in which to understand current work on argumentation indesign. Rittel�s work established the most explicit bridge between design and argumentation.The argumentative approach to design elevated the importance of the process ofunderstanding a problem from its minor status as a preliminary step to using first-generationdesign methods, to the central activity in tackling wicked design problems. Rittel et al.,argued that a particularly powerful way to tackle such problems is by an �argumentativeapproach, leading to IBIS, the first explicit representation for argumentation in a designcontext.C.Argumentation-based DR notationsThe idea that DR should be represented as semiformal arguments can be traced back to widerresearch into the development of computational support for reasoning. Given that theformulation and critique of arguments is a central activity in many key areas (research,design, writing, management, government), a challenge with many potential benefits has beento develop representational schemes which enable computers to assist in authoring, retrieving,evaluating, and modifying arguments.The main hypothesis behind research into supporting argumentation was that by making thestructure of arguments explicit, they could be more rigorously constructed and communicated[32], and these are still key goals in DR research. Differences between notations lie in theconstructs chosen to capture arguments, which, in turn, determine the kinds of argumentwhich can be captured, and the level of detail which can be expressed (fewer, more generaltypes, or a larger number of more specific types). Several approaches to argumentative DRare now outlined to provide a flavour of this approach to DR. For fuller descriptions, see[12,33].Design Space Analysis (DSA) using the QOC notation (Questions, Options, and Criteria) hasbeen proposed by MacLean et al. [34]. Assessments are the relationships between Options andCriteria (supports or objects-to), and Arguments are used to conduct debate about the status ofthe above entities and relationships. These elements are shown in their graphical form in

Design Argumentation as Design Rationale7Figures 3a and 3b (a matrix of Options against Criteria can also be used). The DSA approachto making a design more transparent is to create �an explicit representation of a structuredspace of design alternatives and the considerations for choosing among them. Thus aparticular artifact is understood in terms of its relationship to plausible alternative artifacts�[34], p.203). Thus, DSA is a process of identifying key problems (Questions), and raising andjustifying (via Criteria) design alternatives (Options). A DSA-oriented DR emphasises thecumulation and reuse of knowledge through the articulation of coherent design spaces withinwhich different solutions can be located (e.g. as implemented in other systems).Generic QOC vocabulary:

QuestionOptionCriterionOptionCriterionobjects tosupports

OptionCriterion

Consequent Question

Question

ArgumentArgument

ArgumentQuestion

FIGURE 3a: The generic QOC notation as used in Design Space Analysis. Note theuse of link-thickness to indicate relative weights of Assessment.

Design Argumentation as Design Rationale8QOC from a Smalltalk design session:

allocation of instrumentsone instrument instancesfor every event limited no. of inst. inst. and reallocate eventslimited no. of inst. inst. and several data patterns in real timelow memory requirementslow data transfer rate requiredlow processor calculation requiredlow data throughput requirement during playlow memory requirementdownload data patterns into new allocationprestore all data patternshow to reallocate inst. inst. to events?

preload data patterns

User interface QOC:

Q: where should cursor be on pop-up menu?O: topO: middleO: last used optionC: consistentC: minimise average cursor distance to selection C: adapt to user

Q: what kind of menus?O: pop-upO: pull-downC: user orientation to position of menu optionsC: speed of accessC: context sensitivity of menu options

FIGURE 3b: Two examples of QOC representing DR for very different levels anddomains of design. (Reproduced with permission from [48], Academic Press Ltd.)The IBIS notation [24,31], extended for the graphical IBIS tool gIBIS [25,26] is similarsuperficially; the main difference lies in the IBIS emphasis on capturing more of the designprocess as it unfolds in meetings (as opposed to retrospectively rationalising the DR as inQOC/DSA), and for a single design (as opposed to clarify the dimensions defining the spacein which the design sits in relation to other possible designs). The work on gIBIS has led tothe development of the QuestMap hypertext groupware system, a commercial argumentation-based DR tool [35] (Figure 4).

Design Argumentation as Design Rationale9

Design Argumentation as Design Rationale10claimGoal

GroupQuestion

procedure

DecisionProblem

claimclaimclaimclaimclaimclaimclaimQuestion

Goal

is a subgoal ofqueriesachievesachievesis an alternative foris an alternative foris a sub-decision ofinfluencessupportsdeniespresupposesare possible answers tois an answering procedure foris a subprocedure ofis a result ofanswersdeniessupportsis a member ofAlternative

Alternative

FIGURE 5a: The DRL notation (Reproduced with permission from [48], AcademicPress Ltd.)

Design Argumentation as Design Rationale11

Design Argumentation as Design Rationale12Design ArtifactIssueAlternativeAlternativeAlternativeJustificationJustificationJustificationIssueAlternativeAlternativeJustificationDesign ArtifactDesign ArtifactIssue

Design Artifact

Issue

= derives

FIGURE 6a: Potts and Bruns representation for integrating design deliberation withdesign process artifacts.Potts and Bruns proposed that this generic model should be tailored to support specific designmethods, illustrating this with a worked example using the Liskov and Guttag method. A newentity specific to this method is the Task, anything performed by a procedural abstraction,which is incorporated into the IBIS method by raising a new Issue. Potts and Bruns� genericArtifacts are specialised into Liskov and Guttag�s procedural specifications, and dataabstraction specifications and Issues into behavioural issues and encapsulation issues. Figure6b reproduces part of an analysis of a text formatter, to illustrate the adaptation to Liskov andGuttag. Understanding the model or design problem is not necessary; it should simply beunderstood that the generic model�s entities are refined to accommodate a particular designmethod�s vocabulary for deriving new artifacts. The transformations of Artifacts throughdeliberation was represented by Potts and Bruns using a hypertext system whose structurewas verifiable by Prolog rules which could check the integrity of Liskov and Guttag syntax.

Design Argumentation as Design Rationale13text_formatterTask: read_inputI: read_inputs_encapsulation_levelA: have_doc_bufferA: make_do_line_abstractionsA: read_inout_inlineJ: problem_orientationdo_lineTask: interpret_inputI: interpret_inputs_encapsulation _levelA: do_line_interprets_and_calls_doc_ops

FIGURE 6b: Example of Potts and Bruns IBIS-based notation tailored to the Liskovand Guttag design method. Key: Artifacts in italics; I=Issue; A=Argument;J=JustificationThe principle of showing the evolution of design artifacts through explicit argumentation hasbeen realised most recently by Potts et al. in the form of Tuiquiao, a prototype requirementstraceability tool [39].D.Embedding argumentation in the design artifactDR research is reflecting a growing recognition that argumentation about a design must bedriven by implementational concerns at some level, or DR can remain too abstract or addressproblems of little consequence. As Fischer et al. [9] put it, �In a good design project,construction generates and regulates argumentation. Argumentation arises out of constructionand is often tested by construction.� (p.403). The artifact being �constructed� may be anyproduct of the design process, from initial requirements to code. The point is that beingengaged in developing the artifact itself is different from reflecting on it.This perspective is reflected in ongoing efforts to build software environments whichintegrate DR much more tightly with the artifact under development. For instance, inXNetwork [40] system network maintainers are able firstly to link informal rationale notes tonetwork diagrams, but if an issue is judged to be important enough to capture more formally,then it can be added, with support from the system, to a semi-structured IBIS design rationale(Figure 7).

Design Argumentation as Design Rationale14

Design Argumentation as Design Rationale15III.Argumentation-based DR in useIn this section, a range of design case studies are considered in order to clarify the practicalstrengths and weaknesses of argumentation-based DR. This is not an exhaustive literaturereview; for a more detailed analysis see [48]. The design studies which are described areorganised into three sections:¥evidence that recording design argumentation in a structured way can assist ongoingdesign activity;¥evidence that access to structured design argumentation about past decisions can bevaluable;¥evidence of situations in which recording design argumentation in a structured way canalso impede ongoing design activity.Rather than merely reporting the claims that have been made for the efficacy of a particularDR approach, a critique is also made of the strength of evidence provided to support thoseclaims. Conclusions from these studies are summarised at the end of this section.A.Recording design argumentation can assist ongoing design workWorkstation case study. Conklin and Burgess Yakemovic [26,49] have described their useof an IBIS-based notation in a large industrial design project, developing software for a newworkstation. In this project, they report that there was a positive impact on project teamcommunication from using IBIS3. They propose that �a knowledge of the underlying form ofthe dialogue [i.e. rhetorical moves in IBIS] allowed the team to determine when thediscussion had wandered from the intended topic� (Conklin & Burgess Yakemovic: p.375).That is, although discussion was not structured explicitly around the IBIS model, they suggestthat familiarity with the IBIS model (recorded privately by a �DR scribe�), helped maintain ashared awareness of the meeting�s process. Designers did not generally make explicitreference to IBIS constructs like Issues and Positions when speaking, but could for instancedecide that something should be recorded (by the scribe) for later attention, or querysomething which might be answered by reference to the DR.In this study, it is not clear whether part of the DR scribe�s role was to interject whendiscussion veered off-course — thus bringing IBIS to the explicit attention of the group — orwhether the scribe played a passive role leaving the other members to direct discussion. If,during a meeting, the IBIS exists primarily as an implicit, private record in individuals� heads,it is of course very difficult to demonstrate precisely what effect this has on the meeting. Todemonstrate that simply being aware of a rhetorical model can improve group process wouldrequire analysis of the dynamics of design meetings in greater detail than that presented.Anecdotal reports and examples may be the most we can expect in this respect. It is relevantto note, therefore, corroborating descriptions by Cassidy [50] of his informal use of QOC tofacilitate meetings, suggesting that awareness of argumentation schemes may indeed assistdeliberation.Perhaps the most widely reported result of this case study was the discovery of eleven designflaws during the conversion from itIBIS to gIBIS. This result constitutes the only evidence

3A purely textual �indented-text IBIS� (itIBIS) was used, with the Issues, Positions and Arguments indented inthat order, like hierarchical levels of headings in an outlining tool.

Design Argumentation as Design Rationale16gIBIS tool to review the DR). In reflecting on this result, Conklin and Burgess Yakemovicsuggest that reviewing an issue base provides a different view of a design, and thus highlightsdifferent problems from more conventional design reviews. They propose more generally that�comparing and reviewing DR might actually reduce the cost of the design process by makingit more rigorous and error free� (p.375).A criticism which has been levelled at this finding is that the effort of converting from itIBISto gIBIS was atypical of normal design activities. Moreover, some have asked, might not anyequivalent effort have detected the problems? Whilst it may be true that any extra effort mighthave detected the problems, the crucial question is surely, would that effort have beeninvested normally? Explicit argumentation-based DR encourages the designer to �make space�to reflect, which they might not otherwise do. Conklin and Burgess Yakemovic hint at theprocess which they believed operates when a DR is scanned: �The process of browsing theDR and looking for a specific entry seems to serendipitously trigger detection of problems orinconsistencies in the data� (p.375). More detailed analysis of how this may work in practicewould greatly inform the design of DR notations and tools.Hypermedia case study. McKerlie and MacLean [51,52] describe the use of QOC in a smallhypermedia design team in which they were members. Firstly, they report that �using andcreating QOC records (even roughly) during design discussions could help bring outassumptions which might otherwise have remained implicit.� This is an often reported findingwith semiformal argumentation schemes, since they encourage more systematic reflection anddeliberation than one might otherwise engage in. Unfortunately, in this case study, no detailsare provided which explain how often, or by what process this occurred.Secondly, QOC was used to integrate two strands of work on a problem into a commondesign space representation. It is reported that QOC helped to highlight the strengths of eachstrand, and their interrelationships, facilitating comparison between two sets of ideas byproviding a common framework. This is an interesting example of the benefits of using asemi-structured representation, although again, further detail would have been of interest,describing for instance the process by which common Questions and Criteria were agreed, orhow the fitting of the ideas into a common QOC space highlighted trade-offs andinterrelationships between the two solutions.Smalltalk-80 case study. In a annother series of studies, Buckingham Shum trained adesigner working in Smalltalk-80 to use QOC, who was then studied over three monthlysessions [53,54]. He worked in a �mock-up office� which he constructed for the purposes ofthe study to provide all the resources which he would normally have used (e.g. architecturaldiagrams; design notebook). In one session, the process of recording and restructuring QOC�sOptions and Criteria seemed to assist the designer in clarifying and developing several issues

Design Argumentation as Design Rationale17allocation of instrumentsone instrument instancefor every event limited no. of inst. inst. and reallocate eventslimited no. of inst. inst. and several data patterns in real timelow memory requirementslow data transfer rate requiredlow processor calculation requiredlow data throughput requirement during playlow memory requirementdownload data patterns into new allocationprestore all data patternshow to reallocate inst. inst. to events?when to download data to new instrument allocation?decide whether there is time to downloadlow (high level) computation timecompute time to load

preload data patterns if Option 1Option 1.1allocate instruments1. one inst. inst. for each event2. limited no. inst. inst. and reallocation events (?)download data during play to each new allocation in advanceprestore data elsewheredownload data bit by bit in real timelow memory requirementlow data transfer rate req. during playlow processor calculation req. during playlow amount of decision makinglow (high-lvel) software calculation req. during play

***store data in second UG and reconnect store data only + reload data into existing UG

QuestionOption 1.2.1Option 1.2.2Option 1.2.3

Option 1.1Option 1.2Option 1.2.2Option 1.2.1

Option 1.2.2.2Option 1.2Option 1.2.2.1

Option 1.3

FIGURE 8: Overview of QOC analysis to show how it was restructured as therelationships between Options were better understood (Option numbers added toshow the transition). The process of laying out competing Options as a hierarchyand then refining them (lower figure) prompted the designer to change Option 1.3to Option 1.2.3, and to refine Option 1.2.2 one level further. As the designer wasusing pen and paper and renamed and restructured extensively, the original QOCwas littered with changes which have been omitted for clarity. (Reproduced withpermission from [48], Academic Press Ltd.)Although it is possible that there was no causal relationship between using QOC and theinsights gained (ideas do arise serendipitously �out of the blue�), the video data and verbaltranscript of the designer�s use of the representations do appear to show that the requirement

Design Argumentation as Design Rationale18to articulate Options and Criteria forced him to clarify relationships and distinctions whichhad up until that point remained unaddressed. The designer declared that these were newinsights, rather than old ones simply recorded as QOC.Safety-argument tool case study. In this case study [55], QOC was used for about 9 monthsto document the evolution of design concepts and rationale, two years into a three yearacademic-industrial project. This was building a tool for constructing and verifyingsemiformal and formal arguments about the design of safety-critical systems. The goal of theQOC exercise was the production of a DR document which retrospectively structured theproject�s fragmented memory into a more accessible form, which could also support theincremental addition of ongoing decisions and rationale as the project progressed. QOC wasused to organise what were termed Sources (design discussions from many contexts and indifferent media), through a process of filtering (reviewing relevance), integrating (poolingotherwise fragmented Sources), and indexing (providing links into the body of Sources forreference). All of the QOC work was carried out by a DR researcher (this author), althoughsubsequently, QOC constructs came to be used by one designer as outline headings in projectdiscussion documents.The report gives examples of how Questions in particular proved to be a useful construct inthe process of collating and rationalising the Source materials. As the disparate sources slowlyrevealed clusters of related discussion, Questions provided �conceptual pigeonholes� intowhich related material could be posted; once sufficient Sources had been collated, theQuestion-based approach forced the DR researcher to tease out the key issues, and make theareas of common ground explicit. Sometimes it was possible to expand Questions into localdesign spaces in which Options could be evaluated against Criteria.B.Access to argumentation about past decisions can be valuableWorkstation case study. In this case study, Conklin and Burgess Yakemovich reported thatthe IBIS record of previous discussions helped a meeting co-ordinator to identify seveninterrelated Issues which needed to be resolved together. Summaries of these were thencirculated to members with all the Positions and Arguments which had been discussed. Thisclear identification of the inter-relationships between issues, the decisions needing action andthe relevant arguments pertaining to each enabled the different stakeholders to prepare fullyfor the meeting, and led subsequently to an elegant solution.In this incident, it is as a concrete record of past discussions that IBIS seems to have beenmost valuable —˚both to the meeting planner in its raw IBIS form, and to the other members inthe form of the agenda. Details are provided in the description of this incident about thecontext in which the Issues were identified: during conversion from indented-text IBIS togIBIS, the meeting co-ordinator thought there were two Issues to resolve, but the itIBISrecord showed him that there were five others which needed solving simultaneously. It would

Design Argumentation as Design Rationale19useful to another party is not elaborated, although intuition would suggest that seeing a QOCwill provide insight into someone�s analysis of the problem (at least when the problem isfamiliar to both parties). More detailed analysis is required into the utility of argumentation-based DRs for communicating understandings and analyses, since there is at least one report[17] of argumentation schemes not assisting communication. A key factor is that both partiesneed to be familiar with the notation, since QOC and IBIS are undeniably novel ways torecord discussions (in the workstation case study, Burgess Yakemovic and Conklin report thatit was difficult to use IBIS to communicate with groups who were unfamiliar with it).McKerlie and MacLean also report that �QOC records have been a valuable resource when itwas necessary to revisit previous decisions either to alter them or to recollect theconsiderations which contributed to them.� A quite detailed account is then presented, withaccompanying QOC, of a decision reversal which led to other changes, whilst preserving thebest points of the existing design. Specifically, articulating a new Question is shown to clarifythe relationship between two existing Questions. It is concluded that, �QOC records� mostimportant role for supporting the revisiting of decisions is to provide a broader context aroundthe decisions of concern [...] which includes the relationships among Questions, thealternative Options considered, and the Criteria used to assess the Options.�This detailed example illustrates well the added leverage which the notation can provide inunderstanding the structure of a problem space. It would be of interest to know the frequencyof such incidents, for instance, was this the only one all year, or one of a number? The casefor using argumentation-based DR will be strengthened by demonstrating that such incidentsare not so rare as to invalidate the effort.Safety-argument tool case study. An earlier section described how QOC served as a usefulframework for tracking and reorganising DR. However, a major goal was to see if a DRcreated by a relative outsider would prove useful to the design team whose ideas itrepresented. This is a variation on the more usual scenario of designers creating DR as aresource for other designers. However, at a meeting to evaluate the results of the DR work(approximately 50 pages indexing the design as QOC), designers� reactions to the DRdocument were generally negative, highlighting a number of obstacles to its acceptability. Themain issues to arise were the notational form (benefits and clarity of QOC graphs and tablesas opposed to less structured text), the content of the DR (the importance of capturingdominant themes and principles in the project), the ease of DR navigation and retrieval (sucha large resource needs hypertext support), and social/organizational issues (coming late intothe project, team members were highly pressured as deadlines approached, and it was difficultto get them to invest additional effort).These studies represent initial investigations into what makes explicit design argumentation

Design Argumentation as Design Rationale20irrelevant. McCall argued that, at least in principle, PHI improves IBIS as a stimulus toreflective reasoning.Of interest, therefore, are the results of studies into PHI�s use for architectural design (asdescribed by Fisher et al. [9]). They report that using PHI on its own prolonged the reflectiveprocess and encouraged a lot of analysis of high level or peripheral issues, distractingdesigners from getting down to concrete detailed design issues. These studies were conductedusing design students over several years, with analyses of PHI�s use varying from assessmentof student assignments, to detailed video protocol analysis of individual students. As such,these results can be considered as a reliable example of how an argumentation scheme canobstruct the design process.Hypermedia case study. In the hypermedia case study, McKerlie and MacLean [51]identified an interesting phenomenon: as QOC began to be used, there was an early tendencytowards �compulsive rationalising� —˚detailed QOC analysis of local spaces which were notof great interest, such as non-controversial or out of date issues. This is an instance of DRimpeding design, insofar as it did not lead to insights, it distracted from more productivework, and was never utilised by the project. This report provides examples of situations inwhich deliberate QOC analysis proved of little use.Smalltalk-80 case study. In this study, described earlier, the designer had found QOC veryuseful for exploring a range of alternatives. However, in two other sessions (reported in detailelsewhere [53]), the argumentative mode of reasoning required by QOC proved incompatiblewith the construction task at hand. The designer encountered severe difficulties in breaking adifferent problem into discrete Questions, Options and Criteria. Analysis of this session led tothe conclusion that he was engaged in depth-first, evolutionary design, in effect refining asingle, complex Option (a data structure), as opposed to the breadth-first, strategic reasoningrequired in an earlier session when QOC had been useful in clarifying the relationshipsbetween a set of competing alternatives (as shown in Figure 8).D.Summary of empirical studiesA graphical, searchable record of design discussions organized by issues is a far richerresource than is normally available in the design process. The cost of course is that somebodymust construct that record, and it must be worthwhile for them to do so, or it simply will notbe done. The empirical studies surveyed in this article have been analyzed with a view tounderstanding when and why it may be worthwhile to use semiformal argumentation schemesto capture design rationale. It is only then that informed claims can be made when seeking todemonstrate to others the value of more structured deliberation.The current picture might be summarised as follows. Ill-structured, poorly understoodproblems require an analytical, reflective mode of designing for which QOC, IBIS andsimilar argumentation schemes seem well suited as an aid to articulating the key issues,alternatives, and trade-offs. In contrast, for well-structured, more constrained problems, the

Design Argumentation as Design Rationale21argumentative DR approaches are based. Obvious as this may seem in retrospect, it clearlywas not obvious to those who sought to use design argumentation in what turned out to beineffective ways. Analysis of successes and failures in the use of design argumentationclarifies what the boundaries of useful application are.IV.Lessons learnt, and the future agendaIn principal, computer-supported, collaboratively constructed design rationale offers manybenefits, as listed at the start of this article. Not surprisingly, the challenge of turning makingthis reality has thrown into relief a range of sociotechnical issues which are now discussed.There are at least five elements to consider in assessing the usability and utility of a DRcapture and management approach: the user [U], the notation [N] used to express DR, thetechnology [T] used to represent the notation, the domain [D], which we shall define as thoseclasses of rationale which need to be expressed, and organizational factors [O], which coverrelevant aspects of the design context. The relationships between these elements define aspace of issues which need to be considered, for instance:Cognitive/group cost of encoding and retrieving DR [relation between U and (T+N)]:¥how natural is it to express ideas in the DR notation?¥does the effort to express structured DR facilitate individual/group design process?¥is the DR comprehensible to others (i.e. is it reusable?)Computational leverage over the DR representation [relation between T and N]:¥how machine-interpretable is the DR? (e.g. to support DR checking, analysis and retrieval)Expressiveness of the DR language [relation between (N+T) and D]:¥does the computer-supported DR allow designers to express the kinds of DR that they wantto?Organizational fit [relation between (N+T) and (U+O)]:¥how compatible with extant design methods and management practices is the approach?¥is there CAD/CASE tool compatibility, enabling DR functionality to be easily added andshared within the existing infrastructure?The remainder of this section discusses some of the issues raised by considering theinteractions between these different �stakeholders� in the world of design rationale.A.Negotiating the cost/benefit trade-off: notations and toolsAn obstacle which any new representation must overcome is the overhead which itintroduces. If more work is introduced over and above the tasks already tackled by users, agood case must be made to convince them to adopt the new approach. In addition, the moreformal the notation (i.e. the more computer interpretable) in general, the higher the initiallearning costs will be; as one moves from informal notes, to structured notes, to hypertext, toknowledge and device modelling, the more cognitively expensive the representation will be tolearn in general.The onus is clearly on those who support a particular representational approach todemonstrate that its strengths outweigh its weaknesses. Thus, sceptics are entitled to ask suchquestions as: are designers prepared to create informal DR, and can it be retrieved?; aresemiformal approaches learnable and used?; are designers prepared to invest the effort in

Design Argumentation as Design Rationale22demonstrate how this cost/benefit trade-off can be successfully negotiated in commercialdesign environments.One common result from the studies reviewed was that often, the status of ideas or their inter-relationships is not instantly clear�the requirement to make these explicit as node and linktypes can be intrusive. The feeling of being prematurely forced to commit to a particularstructure can be reduced by devising and computationally supporting more �relaxed�notations, which can be gradually formalised as ideas become clearer. Such �rough DR� actsas a bridge between early, fragmented ideas and coherent, rigorous argumentation.An implication of these findings is that a flexible representational environment is requiredwhich can support the crucial process elements of the task of rationalising decisions. Sincedesigners can rarely �pour� well articulated, coherent arguments direct �from their heads� intoa semiformal notational structure, the process is invariably one of refinement, and when in agroup context, negotiation. Within the hypertext and collaborative design researchcommunities, it is therefore encouraging to see a recent emphasis on the importance ofallowing designers to express themselves ambiguously, rather than precisely and explicitly.For instance, Marshall and Rogers [57] emphasise the importance of being able to work withunlinked, but meaningful clusters of nodes in the early stages of developing a representationalschema in the Aquanet hypertext system [58]. The requirements for a knowledge structuringtool which have been specified for Aquanet could provide an environment which meets manyof the likely requirements for a DR tool. The ability to work with spatial hypertext layouts,and mechanisms to support the transition from these to more formal structures, are currentlybeing explored in the VIKI system [59,60], a successor to Aquanet.In another project, Twidale et al. [61] describe the Designers� Note-Pad (DNP) for supportingthe earliest stages of recording and organising ideas. DNP has been used experimentally forearly brainstorming in writing, concept mapping, requirements analysis and design rationale.Much effort has been devoted to minimising the intrusiveness of the tool, by providingflexible schemes for organising nodes and links, such as colour, shape, and spatialarrangement. The Inspiration brainstorming tool [62] is a commercially available examplewith similar functionality. Another promising effort in this direction is collaborative pen-based computing, such as the Tivoli electronic whiteboard [63]. Tivoli provides pen-basedmanipulation of groups of text and graphic objects in order to support commonrepresentational tasks in group work around a whiteboard.Delaying commitment to explicit structure clearly does not come without cost: avoidingtyping and linking in favour of supporting the gradual emergence of coherence from ill-structured material, trades off against the provision of powerful abstractions and the explicitarticulation of relationships. These concerns have been succinctly expressed by Green

Design Argumentation as Design Rationale23coherent, reusable DR emergingno commitment to classify ideasstatus of ideas is implicit (untyped)local changes are simple to makefew abstractions make global changes hardmany relationships are implicitcommitment to classify ideasstatus of ideas is explicit (types) tool support needed to restructure locallyabstractions make global changes possiblemore relationships are explicitRationalisation of ideasCognitive Dimensions

how to do Y??how to do Y??how to do Y??how to do Y??how to do Y??how to do Y?????

Q: where should cursor be on pop-up menu?O: ?? topO: middleO: last used optionC: consistency of positionC: minimise average cursor distance to selection C: adapt to user

Q: what kind of menus?O: pop-upO: pull-downC: user orientation to position of menu optionsC: speed of accessC: context sensitivity of menu options

Q: where should cursor be on pop-up menu?O: topO: middleC: consistency of positionC: adapt to user Q: what kind of menus?O: pop-upO: pull-downC: user orientation to position of menu optionsC: speed of access xxx?how to do Y??O: qqqqq

?intermediate rough DR¥ increasing number of ideas¥ status of ideas becoming clearer ¥ refinement of entities/restructuring

¥ ideas, status & relationships unclear undeveloped ideasFIGURE 9: Trade-offs between �cognitive dimensions� [65] at different stages in theprocess of rationalising argumentation. The curved arrows indicate that theprocess is non-linear: designers need to switch between representationsopportunistically. (Reproduced with permission from [48], Academic Press Ltd.)As representational tools become increasingly able to support the subtleties of the processoutlined in Figure 9, the use of semiformal notations becomes a more tractable prospect.Given the development of very low constraint representational tools such as DNP and VIKI,the next challenge is to support the designer in formalising the results of a brainstormingsession into argumentative form (the transition shown in Figure 9). So for instance, how easyis it to select three unclassified DNP notes, declare them to be QOC Options, and link andposition them neatly with another note which is declared to be a Question?; or to select aCriterion, and change it to a new Question, or convert two Criteria into one, with theassociated link-management? These are examples of routine QOC restructuring tasks [53].Without support for structural manipulations of this sort, the designer will find it easy toexternalise initial ideas, but then face a tedious rewriting or copying task to convert them tomore rigorous argumentation. With the addition of structural search facilities, automaticverification of certain sorts becomes possible. For example, one could check that no decisionshave been made without considering negative assessments against Criteria (an indication ofconfirmation bias), or that there are no Questions which address more than one important

Design Argumentation as Design Rationale24issue. In summary, the challenge for tool developers is to make shifting between degrees offormality as smooth and transparent as possible.Before concluding this section, a discussion of tool support for DR cannot ignore thedevelopments of multimedia. Argumentation-based DR is without doubt dependent ontechnology, since the concept of editing and maintaining large network structures wasunworkable before the emergence of hypertext and groupware to author, share and navigaterationale. However, the possibilities now exist to augment textual argumentation structureswith audio and video-based rationale. Thus, it is becoming increasingly cheaper to link in tohypertext argument structures relevant design documents (e.g. CAD diagrams and roughsketches), and audio-visual extracts of users expressing requirements, or designers explainingdecisions [52,66].B.Who should use it, and how?If DR is to be created, who is going to do it? The context in which a notation is used willdetermine the expertise of those present, and the time available to structure deliberation.These �what, when, and how� factors cannot be ignored when designing a notation. Sincedesign invariably involves meetings, we can ask what roles DR representations can play insuch collaborative settings? From the literature, and the work which I and my colleagues haveconducted with QOC in particular, it has become clear that a DR notation can shape designdiscussion — and hence, presumably, the design — to a greater or lesser extent depending onthe way it is used. At one end of the continuum, the state of the DR plays a major role indriving discussion, for instance, the meeting agenda is to debate and resolve a set of IBISIssues, and to record that process. In this case, the discussion will be largely conducted interms of the notation�s rhetorical moves, and the DR is owned by the whole group. The DRrepresentation�s influence can then be gradually weakened in the extent to which the recordedargumentation shapes subsequent deliberation, examples of which are shown in Figure 10.

Design Argumentation as Design Rationale25Developing a coherent DR representation is a central, collaborative activity in the meeting; ideas are developed through informal DR, and then edited and restructured as ideas evolve, to create a succinct summary of the key arguments behind the main decisions.A DR-scribe records discussion, but other designers can see and use the emerging DR as a shared representation to monitor their progress and guide discussiony (a single author version of the one above).DR scribe privately records group discussion, which is then reviewed later by the team for erroneously recorded ideas, omissions, weaknesses in their reasoning, action items, and so forth; documentary role during meeting; provokes reflection on review.DR scribe privately records discussion, which is only referred to if information is later needed; no restructuring; purely documentary.Reactive role for DRProactive role for DR

¥¥¥¥FIGURE 10: Ways in which DR can be used in meetings, depending on the extent towhich designers collaboratively construct the DR, and use it as a resource tofocus discussion. (Adapted with permission from [48], Academic Press Ltd.)Thinking about DR use in these terms has practical implications for two suggestionscommonly made by designers and DR researchers as to how DR might be used in meetings.One suggestion has been is that a designated �scribe� should record discussion as DR, whilstthe other designers proceed with the �real� design work, freed from the overhead of using DR;the second suggestion has been that decisions should be translated from notes into DR bysomeone after meetings. However, in both cases, DR plays no part in the synergistic processwhich is possible when a representation is jointly constructed and debated. The vision of a�living,� up-to-date rationale requires shared ownership of the DR, in which domain expertsand decision-makers record their own reasoning rather than relying on a scribe to capture itsecond-hand.C.The importance of trainingTechnological intervention requires preparation �on the ground,� in the form ofcommunication with, and training of those it will affect. The importance of training in DR isnow beginning to be recognised in DR research [67], and is for instance an integral part of theQuestMap IBIS-based groupware system [35].Whilst most DR approaches are relatively easy to grasp in terms of simply understanding whya DR might be useful, and how rationale might be expressed using a particular notation, fromour experiences in communicating our work to design teams, it has proven quite a differentmatter to actually use it in design. There is no substitute for hands-on practice. Thedevelopment of a tutorial for the QOC Design Space Analysis approach is described in detailelsewhere [67]. The important point in the context of this paper is that it is based not only onin-house experience with QOC on the part of the developers of the approach, but on studies ofits use. The challenge of communicating the approach to practitioners encouraged us toconsider the practical implications of our research analyses, which were then codified in what

Design Argumentation as Design Rationale26we hoped would be appropriate forms. As the demands of conducting productive QOCanalyses became clearer from empirical studies, the tutorial materials used to train designersin those studies were revised to sensitise the next set of designers to important features ofQOC authoring. Consequently much greater emphasis was placed on practical hands-on tips.To summarise, it is anticipated that the serious adoption of DR in the development processwill have significant consequences at the individual, group, and organizational levels.Effective training facilitates an individual, project, or organization to change relevantstructures more quickly, and highlights pitfalls to avoid at each level. Successful transfer fromthe research lab to commercial practice invariably depends on early pilot successes withinclient organizations, and it is here that good training has a critical role to play in settingappropriate expectations and equipping individuals with the awareness and skills they need tore-engineer established practices which may militate against new modes of working.D.Towards model-based DR for user interfacesIn some engineering design domains, it is possible for DR tools to do much more than theycan in domains like user interface design, because the domain is better understood. Inelectrical and mechanical engineering for instance, we find efforts (depending on theapproach) to model design requirements, the artifact�s operational structure, its interactionwith the environment, and the design process [68-70]. As Gruber and Russell have argued[71], representations of the artifact are necessary in addition to representations of theargumentation about it, if DR systems are to provide answers to many classes of query aboutthe artifact, and in particular, queries which have not been anticipated by the authors of theDR. In principle, with this additional knowledge, DR can be generated to:¥explain the physical structure of artifacts: what are the constituent components?¥explain their operation: how does this interact with other components/environment?¥explain their function: what is the purpose of this?¥support evaluation/verification: does the design satisfy the initial goals/requirements?¥support modification: what effect will the following changes have?¥support dependency management: is this decision consistent with the rest of our decisions?¥support precedence management: what decisions required similar design analyses to thatrequired in the current problem? (i.e. how did we do this last time?)As modelling techniques develop to formally describe users, systems, and their interaction[e.g. 72-76], descriptions of interactional properties may one day be sufficiently formalisableto provide substantial computational support for such queries.E.Building DR on existing organizational practicesHow is the DR message to penetrate current design practice? At a workshop [77] held at theACM CHI�94 conference, researchers and industry practitioners agreed that the most fruitfulstrategy is likely to be through �piggy-backing� on existing design practices and technology,

Design Argumentation as Design Rationale27F.Politics and organizational cultureLike all formalisms, a design rationale notation has political dimensions [78]. Argumentation-based DR requires the adoption of a particularly open style of design and accountabilitywhich might be considered by some to be idealistic. DR faces the harsh realities ofdevelopment environments where there is distrust between employees and managers, andwhere notions of meeting facilitation or making one�s reasoning transparent for others toinspect will get short shrift. In such organizations, employees may well refuse to documentwho was responsible for a particular decision and why, for fear of recriminations in the eventof a design flaw, or more senior designers will perceive DR schemes as undercutting theirpower, since their design arguments will be represented and treated on an equal footing withother team members� views.Clearly, nobody is suggesting that these problems can be solved overnight. In the meantime,DR must get a little �harder-nosed,� and develop its own case for those who think in terms ofresource savings and productivity gains. What is the cost of not having readily accessible DRwhen organizations are constantly reshaping, and drawing increasingly on externalconsultants who often leave little trace of their rationale once a project has ended? How muchtime and energy is wasted in reconstructing old solutions, not being able to track down whypast decisions were made, or endlessly revisiting the same old issues?There is no doubt that an organizational culture shift towards greater corporate self-awarenessis needed, coupled with the right training and tools, before DR becomes a viable prospect.Signs that DR tools are coming of age may be seen in the reports now beginning to emergefrom industrial groups who have been successful in demonstrating to their employers thevalue of capturing and sharing DR [49,79], and the commercial release of an IBIS-basedgroupware system (see Figure 4) for personal computers which is finding use in several largeorganizations concerned with improving strategic decision-making. Intriguingly, it is possiblethat the organizational culture shift required is already underway at the management level, aswe witness calls to develop and maintain �organizational memory� [80,81], in conjunctionwith emerging models of �intelligent, learning organizations.�A design rationale is a design-specific organizational memory�a shared resource whichallows distributed members of a design organization to share their expertise, in particular,important, context-specific �nuggets� of knowledge which may otherwise be lost, or remainlocked in particular individuals� memories. The same exciting prospects and practicalproblems apply to both design rationale and organizational memory systems. What is needednow are forward looking, process-aware design organizations who are prepared to pilotdesign rationale systems and track their effectiveness. This review has described the strengthsand weaknesses of a particular approach to capturing design rationale which seeks to build on

AcknowledgementsMy thanks to Nick Hammond, Allan MacLean, Jean McKendree, Will Reader and thereviewers of earlier versions, whose detailed comments helped to strengthen this article. Thisanalysis was conducted during projects funded by Rank Xerox EuroPARC, UK Science andEngineering Research Council (CASE Award 88504176), and ESPRIT Basic Research Actions3066 and 7040 (AMODEUS Projects 1 & 2).

Design Argumentation as Design Rationale28V.References1.A Tool Shell for Tracking Design Decisions. Arango, G., Bruneau, L., Cloarec, J.-F. and Feroldi, A., IEEESoftware, March: 75-83, 1991.2.Design Rationale and Maintainability. Conklin, J., In Proceedings 22nd Hawaii International Conferenceon System Science, IEEE Computer Society Press, pp. 555-561, 1989.3.Design Rationale for Software Engineering: A Survey. Jarczyk, A., Loffler, P. and Shipman, F., InProceedings of 25th Annual Hawaii International Conference on System Sciences (8-10 January, 1992),1992.4.Extending the Potts and Bruns Model for Recording Design Rationale. Lee, J., In Proceedings 13thInternational Conference on Software Engineering, Austin, Texas, 1991.5.Panel on Design Rationale. Greenspan, S., In RE�93: IEEE International Symposium on RequirementsEngineering, San Diego, CA, January, 1993, IEEE Society Press: New York, 1993.6.Presenting Ethnography in the Requirements Process. Hughes, J., O�Brien, J., Rodden, T., Rouncefield, M.and Sommerville, I., In Proc. RE�95: Second IEEE International Symposium on RequirementsEngineering, March, 1995 (York, UK), IEEE Computer Soc. Press, Los Alamitos, CA, pp. 27-34, 1993.7.Deliberated Evolution: Stalking The View Matcher in Design Space. Carroll, J.M. and Rosson, M.B.,Human-Computer Interaction, 6, 3&4: 281-318, 1991.8.gIBIS: A Hypertext Tool for Exploratory Policy Discussion. Conklin, J. and Begeman, M.L., ACMTransactions on Office Information Systems, 6, 4: 303-331, 1988.9.Making Argumentation Serve Design. Fischer, G., Lemke, A.C., McCall, R. and Morch, A.I., Human-Computer Interaction, 6, 3&4: 393-419, 1991.10.SIBYL: A Tool for Managing Group Design Rationale. Lee, J., In Computer Supported Cooperative Work,Los Angeles, CA, ACM Press: New York, pp. 79-92, 1990.11.Design Rationale: The Argument Behind the Artifact. MacLean, A., Young, R.M. and Moran, T., InProceedings of CHI�89: Human Factors in Computing Systems, ACM: New York, pp. 247-252, 1989.12.Design Rationale: Concepts, Techniques, and Use. Moran, T.P. and Carroll, J.M. (Eds.), LawrenceErlbaum Associates: Hillsdale, NJ, in press.13.Outline of a Paradigm Change in Software Engineering. Floyd, C., In Computers and Democracy — AScandinavian Challenge, (Bjerknes, G., Ehn, P. and Kyng, M., ed.), Avebury: Aldershot: UK, 1987.14.Towards a Software Maintenance Support Environment. Wild, C. and Maly, K., Department of ComputerScience, Old Dominion University, Norfolk, Virginia, Technical Report TR-88-04, 1988.15.A Conceptual Framework for the Augmentation of Man�s Intellect. Englebart, D.C., In Vistas inInformation Handling, Spartan Books: Washington, DC: London, pp. 1-29, 1963.16.The Uses of Argument. Toulmin, S., Cambridge University Press: Cambridge, 1958.17.Are Argumentation Representation Schemes Useful? Hair, D.C. and Lewis, C., Department of ComputerScience, University of Colorado At Boulder, Boulder, Colorado 80309-1592, Technical Report CU-CS-475-90, 1990.18.

Design Argumentation as Design Rationale2925.gIBIS: A Tool for All Reasons. Conklin, J. and Begeman, M.L., Journal of the American Society forInformation Science, May: 200-213, 1989.26.A Process-Oriented Approach to Design Rationale. Conklin, J. and Burgess Yakemovic, K.C., Human-Computer Interaction, 6, 3&4: 357-391, 1991.27.PHI: A Conceptual Foundation for Design Hypermedia. McCall, R.J., Design Studies, 12, 1: 30-41, 1991.28.The Structure of Ill-Structured Problems. Simon, H.A., Artificial Intelligence, 4, 181-201, 1973.29.Motivating the Notion of Generic Design Within Information-Processing Theory: The Design ProblemSpace. Goel, V. and Pirolli, P., AI Magazine, , Spring: 18-36, 1989.30.The Structure of Design Problem Spaces. Goel, V. and Pirolli, P., Cognitive Science, 16, 3: 395-429, 1991.31.Second Generation Design Methods. Rittel, H.W.J., In Developments in Design Methodology, (1984),(Cross, N., ed.), J. Wiley & Sons: Chichester, pp. 317-327, 1972.32.Computer-Aided Reasoned Discourse Or, How to Argue with a Computer. Smolensky, P., Fox, B., King,R. and Lewis, C., In Cognitive Science and its Application to Human-Computer Interaction, (Guindon, R.,ed.), Ablex: Norwood, New Jersey, pp. 109-162, 1988.33.Special Issue on Design Rationale. Human-Computer Interaction journal. Carroll, J.M. and Moran, T.P.(Eds.), LEA: New Jersey, 1991.34.Questions, Options, and Criteria: Elements of Design Space Analysis. MacLean, A., Young, R.M., Bellotti,V. and Moran, T., Human-Computer Interaction, 6, 3 & 4: 201-250, 1991.35.QuestMap. (Hypertext groupware for argumentation/organizational memory [Microsoft Windows“]).Corporate Memory Systems, Inc., 11824 Jollyville Road, Austin, TX 78759, USA, 1994.36.What�s in Design Rationale? Lee, J. and Lai, K., Human-Computer Interaction, 6, 3&4: 251-280, 1991.37.SIBYL: A Qualitative Decision Management System. Lee, J., In Artificial intelligence at MIT: ExpandingFrontiers, (Winston, P. and Shellard, S., ed.), MIT Press: Cambridge, Massachusetts, pp. 105-133, 1990.38.Recording the Reasons for Design Decisions. Potts, C. and Bruns, G., In Proceedings of 10th InternationalConference on Software Engineering, pp. 418-427, 1988.39.An Active Hypertext Model for System Requirements. Potts, C. and Takahashi, K., In Proc. IEEEWorkshop on Software Specification and Design, IEEE Computer Soc. Press, Los Alamitos, CA, 1993.40.Supporting Communication Between Designers with Artifact-Centered Evolving Information Spaces.Reeves, B. and Shipman, F., In CSCW�92: Computer-Supported Cooperative Work, Oct 31-Nov 4, 1992,Toronto, Canada, ACM Press: New York, pp. 394-401, 1992.41.Supporting Knowledge-Base Evolution with Incremental Formalization. Shipman, F. and McCall, R., InProceedings of ACM CHI�94 Conference on Human Factors in Computing Systems, Boston, Mass.,Addison Wesley/ACM: New York, pp. 285-291, 1994.42.An Interactive Tool for the Construction, Modification and Browsing of Design Rationales of SmalltalkPrograms. Ryan, M. Masters Thesis Queen Mary and Westfield College, University of London,, 1992.

Design Argumentation as Design Rationale3051.Reasoning with Design Rationale: Practical Experience with Design Space Analysis. McKerlie, D. andMacLean, A., Design Studies, 15, 2: 214-226, 1994.52.QOC in Action: Using Design Rationale to Support Design. McKerlie, D. and MacLean, A., In VideoProgram, InterCHI�93: Human Factors in Computing Systems, Amsterdam, Netherlands, ACMSIGGRAPH Video Review Series, 1993.53.Analyzing the Usability of a Design Rationale Notation. Buckingham Shum, S., To appear in: DesignRationale: Concepts, Techniques, and Use, (Moran, T.P. and Carroll, J.M., ed.), Lawrence ErlbaumAssociates: Hillsdale, NJ, in press.54.Learning to Use Argumentation-Based Design Rationale. Buckingham Shum, S., MacLean, A., Bellotti,V.M.E. and Hammond, N., Amodeus-2 Project, Working Paper TA/WP19, 1993.55.Summarising the Evolution of Design Concepts Within a Design Rationale Framework. Shum, S.,MacLean, A., Forder, J. and Hammond, N.V., In Adjunct Proceedings of InterCHI�93 (Short Papers),Amsterdam, pp. 43-44, 1993.56.Issue-Serve Systems: A Descriptive Theory of Design. McCall, R.J., Design Methods and Theories, 20, 8:443-458, 1986.57.Two Years before the Mist: Experiences with Aquanet. Marshall, C.C. and Rogers, R.A., In Proceedings ofthe Fourth ACM Conference on Hypertext, pp. 53-62, 1992.58.Aquanet: A Hypertext Tool to Hold Your Knowledge in Place. Marshall, C.C., Halasz, F.G., Rogers, R.A.and Janssen, W.C., In Proceedings of Hypertext�91, ACM: New York, 1991.59.Searching for the Missing Link: Discovering Implicit Structure in Spatial Hypertext. Marshall, C.C. andShipman, F.M., In Proceedings of Hypertext�93: 5th ACM Conference on Hypertext, Seattle, WA (Nov.14-18, 1993), ACM: New York, 1993.60.VIKI: Spatial Hypertext Supporting Emergent Structure. Marshall, C.C., Shipman, F.M. and Coombs, J.H.,In ECHT�94: Proceedings of the 6th ACM European Conference on Hypermedia Technology, 18-23 Sept.,Edinburgh, Scotland, 1994.61.The Designers� Notepad: Supporting and Understanding Cooperative Design. Twidale, M., Rodden, T.and Sommerville, I., In 3rd European Conference on Computer-Supported Cooperative Work, Milan, Italy(13-17 Sept.), Kluwer Academic Publishers, 1993.62.Inspiration. (Brainstorming tool for Apple Macintosh). Inspiration Software Inc., 2920 S.W. Dolph Court,Suite 3, Portland, Oregon 97219, USA, 1992.63.Tivoli: An Electronic Whiteboard for Informal Workgroup Meetings. Pedersen, E.R., McCall, K., Moran,T.P. and Halasz, F.G., In Proceedings of InterCHI�93: Human Factors in Computing Systems, AddisonWesley: , pp. 391-398, 1993.64.Cognitive Dimensions of Notations. Green, T.R.G., In People and Computers V, (Sutcliffe, A. andMacaulay, L., ed.), Cambridge University Press: Cambridge, pp. 443-460, 1989.65.Cognitive Dimensions of Design Rationale. Shum, S., In People and Computers VI: Proceedings ofHCI�91, (Diaper, D. and Hammond, N.V., ed.), Cambridge University Press: Cambridge, pp. 331-344,1991.66.Raison d�Etre: Capturing Design History and Rationale in Multimedia Narratives.

Design Argumentation as Design Rationale3173.Abstract Interaction Objects. Duke, D. and Harrison, M., Computer Graphics Forum, 12: 25-36, 1993.74.Integrating User Requirements and System Specification. Blandford, A., Harrison, M.D. and Barnard, P.J.,In Computers, Communication and Usability: Design Issues, Research and Methods for IntegratedServices, (Byerley, P.F., Barnard, P.J. and May, J., ed.), Elsevier: Amsterdam, pp. 165-196, 1993.75.Using Structural Descriptions of Interfaces to Automate the Modelling of User Cognition. May, J.,Barnard, P.J. and Blandford, A., User Modelling and Adaptive User Interfaces, 3: 27-64, 1993.76.Multidisciplinary Modelling In HCI Design... In Theory and In Practice. Bellotti, V., Buckingham Shum,S., MacLean, A. and Hammond, N., In Proc. ACM CHI�95: Human Factors in Computing Systems,Denver, Colorado (May 7-11, 1995), ACM Press: New York, 1995, in press.77.Infiltrating Design Practice with Design Rationale: Report on the CHI�94 Workshop on Design Rationale.MacLean, A., Carroll, J.M. and Sutcliffe, A., To appear in: ACM SIGCHI Bulletin.78.The Politics of Formalism. Bowers, J., In Contexts of Computer-Mediated Communication, (Lea, M., ed.),Harvester Wheatsheaf: , pp. 232-261, 1991.79.From �Folklore� to �Living Design Memory�. Terveen, L.G., Selfridge, P.G. and Long, M.D., InProceedings of ACM/IFIP INTERCHI�93: Conference on Human Factors in Computing Systems, pp. 15-22, 1993.80.Organizational Memory. Walsh, J.P. and Ungson, G.R., The Academy of Management Review, 16, 1: 57-91, 1991.81.Definitional and Contextual Issues in Organizational and Group Memories. Ackerman, M.S., InProceedings of HICSS�94: 27th Hawaii International Conference on System Sciences, Hawaii, January,1994.

Design Argumentation as Design Rationale32VI.Bibliography for further readingThe following sources have been organised to assist further reading on different approaches torepresenting and maintaining design rationale.Setting the scene:Design Rationale for Software Engineering: A Survey: Jarczyk, A., Loffler, P. and Shipman, F., In Proceedingsof 25th Annual Hawaii International Conference on System Sciences (8-10 January, 1992), 1992Introduction to this Special Issue on Design Rationale: Carroll, J.M. and Moran, T.P., Human-ComputerInteraction, 6, 3 & 4: 197-200 (1991).Outline of a Paradigm Change in Software Engineering: Floyd, C., In Computers and Democracy — AScandinavian Challenge, (Bjerknes, G., Ehn, P. and Kyng, M., ed.), Avebury: Aldershot: UK, 1987.Second Generation Design Methods: Rittel, H.W.J., In Developments in Design Methodology, (1984), (Cross,N., ed.), J. Wiley & Sons: Chichester, 1972, pp. 317-327.What�s in Design Rationale?: Lee, J. and Lai, K., Human-Computer Interaction, 6, 3&4: 251-280 (1991).Compiled DR work:Special Issue on Design Rationale: Carroll, J.M. and Moran, T.P. (Eds.), Human-Computer Interaction, 6, 3 &4 (1991).Design Rationale: Concepts, Techniques, and Use: Moran, T.P. and Carroll, J.M. (Eds.), Lawrence ErlbaumAssociates: Hillsdale, NJ, 1995, in press.Methodological perspectives on DR:A Process-Oriented Approach to Design Rationale: Conklin, J. and Burgess Yakemovic, K.C., Human-Computer Interaction, 6, 3&4: 357-391 (1991).Generative Rationale: Beyond the Recall and Replay Paradigm: Gruber, T.R. and Russell, D.M., To appear in:Design Rationale: Concepts, Techniques, and Use, (Moran, T.P. and Carroll, J.M., ed.), Lawrence ErlbaumAssociates: Hillsdale, NJ, 1995, in press.Information Systems Design as Argumentation: An Investigation into Design Rationale as a Conceptualizationof Design: Goldk�hl, G., In 14th IRIS Conference (Information System Research In Scandinavia), 1991Making Argumentation Serve Design: Fischer, G., Lemke, A.C., McCall, R. and Morch, A.I., Human-ComputerInteraction, 6, 3&4: 393-419 (1991).Questions, Options, and Criteria: Elements of Design Space Analysis: MacLean, A., Young, R.M., Bellotti, V.and Moran, T., Human-Computer Interaction, 6, 3 & 4: 201-250 (1991).Supporting Software Design: Integrating Design Methods and Design Rationale: Potts, C., To appear in: DesignRationale: Concepts, Techniques and Use, (Moran, T.P. and Carroll, J.M., ed.), Lawrence ErlbaumAssociates , 1995, in pressThe Task-Artifact Cycle: Carroll, J.M., Kellogg, W.A. and Rosson, M., In Designing Interaction: Psychology Atthe Human-Computer Interface, (Carroll, J.M., ed.), Cambridge University Press: New York, 1991.Using Domain Concepts to Index Engineering Design Information: Baudin, C., Gevins, J., Baya, V. andMabogunje, A., In Proceedings of CogSci-92: 14th Annual Conference of the Cognitive Science Society,1992, Lawrence Erlbaum Associates: Hillsdale, NJArgumentation tool support:Aquanet: A Hypertext Tool to Hold Your Knowledge in Place: Marshall, C.C., Halasz, F.G., Rogers, R.A. and

Design Argumentation as Design Rationale33Integrating Widget Design Knowledge with User Interface Toolkits: Carey, T.T. and Crentsil, J., In ProceedingsIEEE CASE Workshop, 1992, Department of Computing and Information Science, University of Guelph,CanadaQuestMap. Hypertext groupware for organizational memory [Microsoft Windows“]). Corporate MemorySystems, Inc., 11824 Jollyville Road, Austin, TX 78759, USA, 1994.Raison d�Etre: Capturing Design History and Rationale in Multimedia Narratives: Carroll, J.M., Alpert, S.R.,Karat, J., Deusen, M.S.V. and Rosson, M.B., In Proceedings of ACM CHI�94 Conference on Human Factorsin Computing Systems, 1994, pp. 213.rIBIS: A Real-Time Group Hypertext System: Rein, G.L. and Ellis, C.A., International Journal of Man-MachineStudies, 24, 3: 349-367 (1991).SIBYL: A Tool for Managing Group Design Rationale: Lee, J., In Computer Supported Cooperative Work,1990, ACM Press: New York, pp. 79-92.Supporting Communication Between Designers with Artifact-Centered Evolving Information Spaces: Reeves, B.and Shipman, F., In CSCW�92: Computer-Supported Cooperative Work, 1992, ACM Press: New York, pp.394-401.Supporting Situated Interpretation: Stahl, G., In Proceedings of the Fifteenth Annual Conference of theCognitive Science Society, 1993, Lawrence Erlbaum Associates: New Jersey, pp. 965-970.The Designers� Notepad: Supporting and Understanding Cooperative Design: Twidale, M., Rodden, T. andSommerville, I., In 3rd European Conference on Computer-Supported Cooperative Work, 1993, KluwerAcademic PublishersCase studies of DR use:Deliberated Evolution: Stalking The View Matcher in Design Space: Carroll, J.M. and Rosson, M.B., Human-Computer Interaction, 6, 3&4: 281-318 (1991).From �Folklore� to �Living Design Memory�: Terveen, L.G., Selfridge, P.G. and Long, M.D., In Proceedingsof ACM INTERCHI�93 Conference on Human Factors in Computing Systems, 1993, pp. 15-22.Inside Multi-disciplinary Design in Medical Informatics: Experiences from the use of an Argumentative DesignMethod: Sj�berg, C. and Timpka, T., In MEDINFO�95: Tri-annual World Conference in MedicalInformatics, 1995QOC in Action: Using Design Rationale to Support Design: McKerlie, D. and MacLean, A., In Video Program,InterCHI�93: Human Factors in Computing Systems, 1993, ACM SIGGRAPH Video Review SeriesRationale in Practice: Templates for Capturing and Applying Design Experience: Casaday, G., To appear in:Design Rationale: Concepts, Techniques, and Use, (Moran, T.P. and Carroll, J.M., ed.), Lawrence ErlbaumAssociates: Hillsdale, NJ, 1995, in press.Reasoning with Design Rationale: Practical Experience with Design Space Analysis: McKerlie, D. andMacLean, A., Design Studies, 15, 2: 214-226 (1994).Report on a Development Project Use of an Issue-Based Information System: Burgess Yakemovic, K.C. andConklin, J., In Proceedings of CSCW�90: Computer Supported Cooperative Work, 1990, ACM: New York,pp. 105-118.Summarising the Evolution of Design Concepts Within a Design Rationale Framework: