Graphical Argumentation and Design CognitionSimon Buckingham ShumKnowledge Media Institute, The Open University,Milton Keynes, MK7 6AA, U.K.Tel: +44 1908-655723Fax: +44 1908-653169S.Buckingham.Shum@open.ac.ukAllan MacLeanRank Xerox Research Centre, 61 Regent Street,Cambridge, CB2 1AB, U.K.Allan_MacLean.cambridge@rxrc.xerox.comVictoria BellottiAdvanced Technology Group, Apple Computer Inc.,One Infinite Loop, MS: 301-4A, Cupertino, CA 95014, U.S.A.Bellotti@apple.comNick HammondDepartment of Psychology, University of York,York, YO1 5DD, U.K.NVH1@york.ac.uk

CONTENTS1.INTRODUCTION1.1Graphical argumentation schemes and tools1.2Argumentation-based design rationale1.3Argumentation structures as cognitive tools2.QOC DESIGN SPACE ANALYSIS3.QOC IN USE: EVIDENCE FROM EMPIRICAL STUDIES3.1Data collected3.2Study A: Cognitive tasks in using QOC3.3Study B: QOC�s scope of application (single designer)3.4Study C: QOC�s scope of application (group design)4.WHEN IS QOC ARGUMENTATION USEFUL?5.QOC AS A SHARED WORKSPACE ACTIVITY5.1Designers� complaints about QOC5.2Shared representations: mediation, storage and expression5.3QOC�s mediation of group design5.4Idea expression and storage using QOC5.5Reflections on the argumentative approach6.CONCLUSIONS AND FUTURE WORKREFERENCESAPPENDIX: QOC ARGUMENTATION FROM STUDY C DESIGNERS

1Graphical Argumentation and Design CognitionABSTRACTMany efforts have been made to exploit the properties of graphical notations, supported byhypertext tools, to try and improve the quality of argument construction and the clarity ofits communication. Structured argumentation over the World Wide Web is the most recentdevelopment in this direction. We are interested in graphical argumentation structures ascognitive tools to support individual and collaborative design in real time. This faces theparticular challenge of integrating a new representational structure into the cognitive anddiscursive flow. This paper investigates the extent to which graphical argumentationprovides supportive or intrusive structure, and presents a use-oriented analysis of aparticular notation (QOC) used in the context of design rationale capture.Through a series of empirical studies into QOC�s use, we show that QOC provides mostsupport when elaborating poorly understood design spaces, but is a distraction whenevaluating well constrained design spaces. This is explained in terms of the cognitivecompatibility between argumentative reasoning and the demands of these different modesof designing. We then clarify the different roles which argumentation can play ingroupwork, and the potentially conflicting demands of requiring the same representation tosupport both short term and long term group memory. We conclude by highlighting keydimensions which describe the space within which this work is located. These dimensionsalso define an agenda for future work into Computer-Supported CollaborativeArgumentation.1.INTRODUCTION1.1Graphical argumentation schemes and toolsSince the early 1980s, many efforts have been made to exploit the properties of graphicalnotations, supported by hypertext tools, to try and improve the quality of argumentconstruction and the clarity of its communication. The strategy of graphically representingarguments emphasises that asking the right questions and negotiating trade-offs arefundamental processes underpinning the solving of ill-structured, real world problems. Notsurprisingly, most interest in the potential of such tools has been in their contribution tocomplex, intellectual work where the quality of argumentation plays a central role, such aswriting (Hashim, 1991; Schuler & Smith, 1990; Streitz, Hanneman & Th�ring, 1989),theoretical reasoning (Smolensky, Bell, Fox, King & Lewis, 1987; VanLehn, 1985), legalanalysis (Newman & Marshall, 1991) and policy formulation (Conklin & Begeman, 1988;Rittel & Webber, 1973).As described by Buckingham Shum & Hammond (1994), the driving force behind thiswork derives from roots in the work of Toulmin (1958), Englebart (1963) and Brown(1986). The common thread running through their work is the conviction that theintellectual demands of visualising the structure of an argument can provide insight into itsstrengths and weaknesses, thus facilitating its more rigorous construction. Furthermore,they argued that exposing an argument�s structure in this way facilitates its subsequentcommunication since important relationships can be more easily perceived and analysed byothers.As will be explained shortly, there is now ample evidence that valuable contributions couldbe made by such techniques to support the software design process, particularly withrespect to requirements engineering and the design of human-computer interaction. Ourgoal is to provoke more reflective designing at appropriate points, through the introduction

Buckingham Shum, MacLean, Bellotti & Hammond2of argumentation structure into design. We are construing the problem, therefore, in termsof understanding argumentation structures as cognitive tools which need to be integratedwith the different processes they are intended to support. Thus, we have been investigatinghow argumentation structure interacts with the individual and group cognitive dynamics ofdesign.To clarify what is meant by graphical argumentation, let us consider a simple examplewhich uses a notation loosely based on Toulmin�s (op cit.) analysis of argument structure.Suppose one morning, I conclude that I can�t get to work today because I got up late(Figure 1A). Someone might query why getting up late should necessitate missing work(Figure 1B). My response might be that: There is only one early bus each day (Figure 1C).My protagonist might then helpfully point out that there is a bus at 11am, and a train at10.30am (Figure 1D). I might then respond that in fact, I am also feeling ill (Figure 1E).Thedebate could obviously unfold further, as this reason was probed. The expressiveness of thenotation, and its visual layout rules (which vary with different approaches), determine howlarge and elaborate an argument can be expressed. Figure 1 serves to illustrate the kind ofcumulative argument construction and critiquing which can take place around a shared,graphical argumentation structure (we are not proposing that design teams adopt thisparticular argumentation scheme).

+I got up lateI can�t get to work todaythere is a bus at 11amthere is a train at 10.30am there is only one early buseach day

—+—I�m feeling rather ill

I got up lateI can�t get to work today

—+—CDEI got up lateI can�t get to work today

+AI got up lateI can�t get to work today

+B??Figure 1: A graphical argument unfolds (A-E)

Graphical Argumentation and Design Cognition3

Buckingham Shum, MacLean, Bellotti & Hammond4Rittel concluded that wicked problems can only be tackled through an argumentativemethod, which took seriously (rather than finessing as most design models did) theinevitable debate, negotiation and conflict which take place in work of this sort. The IBISconversational model encourages participants to contribute Issues, Positions in response tothose Issues, and Arguments to support or object-to Positions. When visualised graphically(a key step which the gIBIS system made) a map of the discussion grows as new Issues arespawned from old ones (e.g. via an expands-on link).

Graphical Argumentation and Design Cognition5

Buckingham Shum, MacLean, Bellotti & Hammond6We now consider the specific domain of software design, in which graphical argumentationfor design rationale has been proposed as a solution to a number of pressing problemsfacing system developers.1.2Argumentation-based design rationaleThere has been a convergence of interest in recent years by several design researchcommunities, on the representation of design rationale (DR) underlying software designdecisions. DR is serving as a focal point for strands of Human-Computer Interaction (HCI)(Carroll & Moran, 1991; MacLean, Young & Moran, 1989; Moran & Carroll, 1996),Software Engineering (Conklin, 1989; Jarczyk, Loffler & Shipman, 1992; Lee, 1991; Potts& Bruns, 1988; Potts, Takahashi & Anton, 1994; Ramesh, 1993), Knowledge Engineering(Stutt & Motta, 1995; Vanwelkenhuysen, 1995), and Knowledge-based DesignEnvironments (Fischer, Lemke, McCall & Morch, 1991; Garcia & Howard, 1992). SinceDR seeks to provide rationalisation for design, DR formalisms are also being explored inresponse to the foundational problem of how to appropriately inform HCI design practicewith relevant theory (Bellotti, 1993; Bellotti, Buckingham Shum, MacLean & Hammond,1995; Carroll & Kellogg, 1989; Carroll, Kellogg & Rosson, 1991).In the domain of HCI, the extent to which design knowledge and reasoning can beformalised (which for present purposes means made machine-interpretable) is more limitedthan in more established engineering design domains. This is due in part to the relativelyrecent emergence of interactive system design with its emphasis on the user interface andunderstanding human work processes, and due in part to the necessarily craft nature ofdesigning artifacts for human interaction. A design team�s understanding of the workcontext and of user requirements is invariably incomplete; this requires a design process inwhich requirements, constraints and design solutions must be regularly re-negotiated, andcreates a difficult situation for subsequent designers since the rationale behind decisionsmay often be unclear, for instance, to someone maintaining the user interface in futureversions of a system. Furthermore, keeping track of discussions, decisions and theirrationale is made harder in organisations where teams form on a project-specific basis(perhaps �out-sourcing� to external contractors), proceed to work interdependently but withsubstantial autonomy, and then disband. Each of these factors may mean that teammembers do not know each other, or share less common background and culture; suchconditions do not facilitate communication, and can make the later recovery andappropriate re-use of that reasoning hard or impossible.The recruitment of argumentation schemes continues the core interest in supportingreflective, collaborative problem solving of earlier argumentation research, but drawsadditional motivation from concerns to find solutions to these particularly pressingproblems in system design. In this context, some of the problems which argumentation-based design rationale can address include:¥clarifying vague requirements, and tracking the rationale for their inevitableevolution (Potts et al., 1994);¥representing multiple stakeholders� viewpoints, including that of end-users inparticipatory design (Sj�berg & Timpka, 1995);¥negotiating trade-offs between multidisciplinary analyses, such as system anduser modelling (Bellotti et al., 1995);¥maintaining consistency in decision-making, e.g. through propagating changesthrough networks (Lee, 1990));¥communicating design reasoning to others — (McKerlie & MacLean, 1994);¥supporting the building of cumulative design knowledge, through reusing DR(Carroll & Rosson, 1991).

Graphical Argumentation and Design Cognition7Design rationale in the form of semiformal argumentation assumes from the start a�dialectic, collaborative� model for design knowledge, that is, the knowledge invested in aparticular project is the product of more than one individual, and often beyond any singleindividual�s grasp. According to this view, the processes of articulating and reconcilingdifferent perspectives are central to design, and should be recognised and supported. Theconceptual basis for this view of design is substantial and wide-ranging: Rittel & Webber�s(1973) analysis of the requirements for an approach capable of tackling real world �wickedproblems� (see section 4); analyses showing the centrality of conflict and negotiation indesign process (Goldk�hl, 1991; Matthiassen, 1987), and analyses of the need to fairlyrepresent the different stakeholders who are affected by a system (Timpka, Nyce, Sj�berg& Johansson, 1993).1.3Argumentation structures as cognitive toolsMost of the benefits listed above flow from the representational properties of semiformalargumentation networks, that is to say, they are available once such networks have beenconstructed. However, proponents of graphical argumentation must confront the challengefacing all knowledge representation enterprises, namely, the initial �capture problem�recording and appropriately structuring DR has associated overhead. Semiformal hypertextnotations still introduce significant representational overheads, reflected in reports withinthe hypertext literature of such user problems as �cognitive overhead� and �prematurecommitment to structure� (Conklin, 1987; Conklin & Begeman, 1989; Fischer, 1988;Halasz, 1988; Marshall, 1987; Shum, 1991).Using such schemes is undoubtedly easier in an asynchronous mode of working, in whichone can classify and formulate a response to an argument at one�s leisure. The evidenceavailable from the success of systems like HyperNews and Open Meeting is that mostpeople can learn to use a simple notational scheme such as Issues, Alternatives, Pros andCons to structure asynchronous discussions. However, our particular interest in this paper isin the concurrent use of such notations in meetings (either face-to-face or via networks),when the time constraints which govern analysis, coordination and contributions todiscussion are very different. Concurrent use of argumentation schemes during design hasbeen proposed by most of the design argumentation researchers referenced above; however,there are some reports that the use of such schemes during design can obstruct rather thanfacilitate meetings (Fischer et al., 1991; Rein & Ellis, 1991). Such reports cannot beignored in the development of argumentation schemes which are meant to providecognitive support for reasoning during meetings.On reflection, however, reports of cognitive overhead should not be surprising. Closelyrelated to argumentation schemes are graphical �concept mapping� tools, which are used tovisualise conceptual relationships in teaching (JRST, 1990; Kommers, Jonassen & Mayes,1992) and knowledge engineering (Gaines & Shaw, 1995; Vanwelkenhuysen, 1995). Thebasis on which these work is that deeper understanding of a domain comes through thediscipline of expressing knowledge within a structural framework, working to articulateimportant distinctions and relationships. Similarly, argumentation schemes aim to clarifyreasoning by encouraging parties to make explicit important assumptions, distinctions, andrelationships as they construct and rationalise ideas. In other words, it should not besurprising if expressing DR as semiformal argumentation takes some effort.The goal as we see it is to provoke more reflective designing at appropriate points, throughthe introduction of argumentation structure into individual and group design. We areconstruing the problem, therefore, as one of understanding argumentation structures ascognitive tools which need to be integrated into the workflow they are intended to support.How does argumentation structure interact with the individual and group cognitivedynamics of design? This leads us to pose two related questions:

Buckingham Shum, MacLean, Bellotti & Hammond8¥Firstly, how can we turn the representational effort required by an argumentationscheme to designers� advantage by supporting their ongoing problem solving?¥Secondly, does this help to highlight at what points it is most useful to capturedesign ideas and rationale as explicit argumentation?We now introduce the QOC argumentation scheme for Design Space Analysis, andsummarise the results of three studies of QOC in use by different designers, working indifferent configurations, on a range of design problems. The implications of these studiesare then discussed with respect to the cognitive and group processes which we believe tohave been important in determining why QOC supported some forms of design work, butfailed to support others.2.QOC DESIGN SPACE ANALYSISMacLean et al. (1989) present an approach to representing DR which uses a graphicalargumentation scheme called QOC (for Questions, Options and Criteria). QOC wasdesigned to be used as a means of more systematically representing the �design space�around an artifact, and as such forms part of the more general Design Space Analysis (DSA)perspective as proposed by (MacLean, Young, Bellotti & Moran, 1991).1 In QOC,Questions are used to encapsulate key issues which shape the design, Options arealternative answers to Questions, and Criteria are appealed to in assessing one Option overanother. In addition, Assessments are the relationships between Options and Criteria (attheir simplest, supports or objects-to). These elements are summarised in Figure 5. BoxedOptions indicate a decision, or at least a working commitment. The similarity betweenQOC and the argumentation schemes already described will be immediately apparent.

QuestionOptionCriterionOptionCriterionobjects tosupports

OptionCriterion

Consequent Question

Question

Figure 5: The vocabulary of the QOC notation, used to represent Design SpaceAnalyses (MacLean et al., 1991).The design space is the web of alternative Options for solving the Questions, and the trade-offs which are negotiated by choosing one Option over another. The design space can neverbe represented in its entirety, since one can continue to ask Questions ad infinitum, andfrom numerous perspectives (e.g. software engineering vs. human factors). DSA is theprocess of discovering the important dimensions in a space (what are the key Questions?),of exploring the space of alternatives (Options) which define the local spaces around those

1Except where we are discussing specific aspects of Design Space Analysis (DSA), for simplicity, weshall use the term �QOC� to mean �QOC used within the DSA perspective�.

Graphical Argumentation and Design Cognition9QOC 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 6: Two examples of QOC representing DR for very different kinds ofdesign (note the use in the top example of informally weighted Assessment links;important Criteria can also be emphasised if desired).dimensions, and of justifying why one point in a local space is better than another (throughCriteria and their Assessments of Options). Extracts from two QOC argumentationstructures are shown in Figure 6 to convey the kind of representation with which oneworks.3.QOC IN USE: EVIDENCE FROM EMPIRICAL STUDIESThis section summarises the key findings of a series of detailed empirical studies of QOC inuse by designers. Two of the studies (A and B) have been reported in more detail elsewhere(Buckingham Shum, 1996), to which the interested reader is referred. Study C has not beenreported before, and consequently this is presented in more detail.

Buckingham Shum, MacLean, Bellotti & Hammond103.1Data collectedAll of the data reported in this paper are drawn from video-based observational analyses ofdesigners using QOC whilst solving design problems. Extracts from the design transcriptsare used extensively throughout this paper to illustrate points. (Source transcripts may beobtained from the author.) In all of the studies, designers used pens and large sheets ofpaper as opposed to a software tool. Under these conditions, the authoring process could bestudied with minimal interference from extraneous factors, whilst preserving or evenenhancing properties of the representational medium such as display space, resolution, andease of local editing. Whilst computational tools are undoubtedly necessary for long termmaintenance of large DRs, the core tasks of deciding how to express reasoning as structuredargumentation remain essentially unchanged. Finally, in each study, the designers weredebriefed, and given the opportunity to provide any feedback they wished on QOC�s valuein the session, and more broadly in relation to their work.3.2Study A: Cognitive tasks in using QOCStudy A was the first in a series of investigations into QOC as a cognitive tool. Althoughwe hoped that designers would find QOC useful, they were not using it for real design taskstaken from their own work; rather, the primary focus was on early use in learning. Therequirement to present them with problems which were suitable for QOC analysis, andtractable enough to tackle in an hour, worked against the likelihood that using QOC wouldprovide deep insights (a persistent problem in the evaluation of novel design formalisms�cf. Blandford, Buckingham Shum & Young, 1995). Study A was judged successful,therefore, in that it provided a detailed account of the �nuts and bolts� of using QOC.Analysis was based on video analysis of twelve pairs of designers tackling a user interfacedesign task.In order to express ideas as QOC a designer is faced with four interleaving cognitive tasks(these are illustrated in Buckingham Shum, 1996):¥Unbundling: identifying and separating constituent elements of ideas which have been�bundled together� when they were initially expressed, but which from an argumentationperspective need to be teased apart. A typical example would be someone who raises aproblem and proposes a solution plus a supporting argument. The first step to avoidingfruitless argument is to recognise that there are several new elements being introduced,each of which can be responded to in different ways. Much time is wasted in meetingsbecause a disagreement with one element in an argument is taken to be a dismissal of thewhole argument. Teasing out discussion elements and structure pre-empts this kind ofconfusion.¥Classification: deciding whether a contribution is a Question, Option or Criterion. Thisis not always as simple as it sounds, since Options and Criteria may initially beexpressed as Questions, or Criteria as solutions. Questions can be asked about singleOptions, rather than raising issues to which the Options are candidate solutions, and soforth. The task here is to cut through the surface form and recognise the �deeper content.�¥Naming: how to label the new contribution succinctly but meaningfully. It can often bedifficult to articulate ideas succinctly. The skill of doing so is nurtured over time, and thediscipline involved can be helpful, although it can also be intrusive in a brainstormingmode of working. The overhead which naming creates is also dependent on theanticipated future use of the QOC, for instance, is it for colleagues present in themeeting, for a formal project review with a manager in three month�s time, or foranother team to whom you are handing over the design?¥Structuring: how a new element relates to other ideas. Many meta-levelrepresentational and rhetorical decisions may arise at this point. For instance, what

Graphical Argumentation and Design Cognition11Question(s) does a new Option address? How does an Option trade-off against existingCriteria? Is this Question sufficiently similar to another in a different context, or shoulda new Question be spawned? Has this Criterion already been used elsewhere under adifferent name?An important conclusion from this study was that the above tasks can work against thefacile capture of early ideas whose status or relationships were not yet clear. This motivatedthe concept of �rough QOC� as an important representational stage prior to the ability toformulate more rigorous argumentation (see Shum, 1991, for an analysis of �cognitivedimensions� which need to be taken into account). Buckingham Shum & Hammond (1994)discuss how argumentation tools could provide for rough DR such as this, and support itsincremental formalization into more coherent argumentation, as understanding of theproblem grows.In summary, Study A provided a more precise understanding of the �cognitive demands� ofusing an argumentation scheme. These four cognitive tasks in fact apply to a wide range ofgraphical entity-relationship notations. Studies B and C clarify when it is most useful toengage in this kind of cognitive work.3.3Study B: QOC�s scope of application (single designer)Study B was a longitudinal case study, tracking a Smalltalk designer�s use of QOC as hedeveloped a digital music composition system. Three sessions were spent with the designerat approximately monthly intervals.In Session 1, it became clear that a lot of thinking had already been invested in the problem,with some ideas quite well developed, but others relatively vague. The main task to whichQOC was put was to systematically lay out the space of alternatives (Options) being faced,in order to understand the high level trade-offs. The designer was very positive aboutQOC�s role in this context�QOC assisted in drawing out existing but vague ideas, andclarified relationships between Options and Criteria which had up to this point remainedobscured. Details and examples from Session 1 have been reported elsewhere (BuckinghamShum, 1996; Buckingham Shum & Hammond, 1994).In Sessions 2 and 3, however, serious difficulties were encountered in using QOC, and noexplicit DR was constructed. The designer was focused on developing two Smalltalk datastructures (sketching message passing hierarchies), describing his activity essentially as�gradual refinement� of the structures. It proved difficult to articulate useful Questions,Options and Criteria which offered any analytical leverage on the problem; Questions wereeither too general or specific to a particular design iteration; discrete Options wereimpossible to identify because the design was regarded as the gradual evolution of oneOption over time; finally, Criteria remained useful only when expressed very generally at aglobal level of application, rather than differentiating alternatives to subproblems within thedesign space.In summary, Study B found evidence that the argumentative mode of working required byand promoted through the use of QOC did support the design work brought by the designerto Session 1, but was incompatible with the work which dominated Sessions 2 and 3. Anexplanation for this is proposed following Study C, which provided corroborating evidencewith a different set of designers and problems.3.4Study C: QOC�s scope of application (group design)Study C involved two established teams of designers from a software company, and threenew design problems. In addition, the DR training was extended to pre-empt some of therepresentational difficulties which had been observed in Studies A and B, by encapsulating

Buckingham Shum, MacLean, Bellotti & Hammond12QOC �craft skill�. Further details can be found in (Buckingham Shum, MacLean, Bellotti &Hammond, 1993).After a morning�s training, the design teams each tackled two one-hour design problems.The first problem was provided by ourselves, the QOC tutors, and described an actualprototype system which allowed users to share multimedia documents of different kinds.The design task focused on evaluating and improving two alternative user interfaces forfinding out who on the system was using which documents (this was called the People &Objects problem, or P&O). The designers were asked to use QOC to evaluate the designs,improve them if possible, and summarise their conclusions. This problem was chosenbecause it was sufficiently constrained for the one hour available, and provided numerousalternatives and criteria to consider. This was a relatively well-understood problem for thetutors, since QOC analyses had already been conducted (MacLean, Bellotti & Shum, 1993).The second problem was one of the team�s own choosing, taken from an ongoing project.One team (NetGroup) selected a user interface design problem, the problem being todisplay the global structure of a graphical network, and provide mechanisms for zooming infor more detailed views. The second team (FileGroup) were concerned with designing theoptimal file format for storing data files in an application they were building. The designershad specified two clear issues to resolve in the exercise, which were to decide on a fileformat, and to design the file header which carried the information needed to interpret thefile.All data was collected on-site at the software company. Sketches, notes, and QOC wererecorded on paper, and each session video recorded. All discussion and QOC wastranscribed, recording the interweaving of sketches, notes, and QOC during discussion.Analysis of the way in which the design teams used QOC for each problem was conductedby comparing their design activities against a process model for developing QOC designspaces which had been presented in the training. Essentially, this outlined five main phasesof activity through which one typically goes in using QOC, with the provision foropportunistic jumping between the phases (Figure 7). Using this as a yardstick helped tohighlight some key differences in the way in which QOC was used. The day finished with avideo-recorded debriefing in which the designers provided feedback on how they had foundusing QOC for the first time.Phase 1: Organise available material

Get relevant information down; get a feel for the main issues; classify ideas as QOC if their type is obvious

Phase 2: Structure material into rough QOC

Structure and make sense of the information available;

find good Questions

Phase 3: Flesh out design space

Use current understanding of design to help generate new ideas; generate new Options and Criteria

Phase 4: Reformulate design space to tidy it up

Refine Questions (possibly leading to restructuring)

Phase 5: Make design decisions/commitments

Evaluate and select Options

Figure 7:QOC process model presented during training, drawing attention tofive phases of activity involved in using QOC.

Graphical Argumentation and Design Cognition13Summary of QOC-use in Study CIn the People&Objects (P&O) design problem, the designers were able to constructappropriate QOC structures, and followed the process model quite closely. The exceptionwas Phase 4, in which there was very little explicit restructuring of the first-pass QOCrepresentation, and apart from modifications to names, there was very little reformulationbefore final decision making. Comparison of the QOCs from the two groups showed thatthey addressed a similar number of issues (Netgroup eight, FileGroup nine), at a similarlevel of detail, and topic. This is perhaps not surprising, given that this problem was chosenas a vehicle for studying QOC use, and both the designers� and the hypothetical users� taskswere well-defined. However, the fact that they were able to use QOC to conduct an analysisof the problem does attest to a certain level of proficiency with the notation.As described above, the two design groups tackled very different kinds of problems in thesecond design exercise, and it was here that distinctive differences emerged in the use ofQOC. NetGroup followed the process model closely. Corresponding to Phases 1-3, theyspent longer than before on recording key issues as unclassified notes, and classified andelaborated several as rough QOC (described in Study A). They elaborated the design spacesaround three Questions, the second and third of which analyzed in detail an initial decisionto display graphical representations (see Appendix). This refinement process corresponds toPhase 4 development of the QOC. They reviewed the QOC record at the end, and madetheir final decisions, as the model suggests (Phase 5).In contrast, FileGroup�s pattern of working was characterised by a disconnection betweenrepresenting QOC, and discussing and resolving the problem; the QOC was almostsuperfluous. In terms of the process model�s activity phases, FileGroup�s mode of workingexemplified a process of lengthy periods of discussion interspersed with bursts of minimalQOC activity. Exploring alternative Options and reformulating Questions (Phases 3 and 4)occurred to a very limited, relatively minor extent (e.g. adding a Criterion to an earlierQuestion; changing an Option name when its meaning became clearer). All of theQuestions asked were predominantly to document decisions they had already made, withthe cursory addition of an alternative Option which was then �rejected� (Appendix). Thedesigners� feedback on their experience of using QOC will be reported in the followingsections as we discuss commonalities between Studies B and C and their implications.To summarise, the empirical studies provided evidence of QOC both facilitating andobstructing design deliberation. The following sections seek to make sense of this byexamining the interaction between the cognitive and collaborative affordances of QOC (i.e.QOC as a tool for individual and group deliberation), and the nature of the problem solvingprocess in which the designers are engaged.4.WHEN IS QOC ARGUMENTATION USEFUL?When is graphical argumentation useful, and when does it distract from the task in hand?This is the key question which the developers of argumentative methods and tools must beable to answer.Studies B and C provide a consistent response to this question concerning QOC�s use. Letus start by considering the designers� own descriptions of how they were working on eachproblem, and how QOC fitted in. The Study B designer contrasted two different kinds ofdesigning, drawing a distinction between Session 1, when QOC was useful, and Sessions2+3, when it was not:

Buckingham Shum, MacLean, Bellotti & Hammond14[Study B: Session 1]...the activity I was doing here was different from what I was doing yesterday [i.e. in workprior to session 1] — the actual low level structures. This [session 1] is more about bigdecisions�policies�whereas this [refers to own notes] is about implementation. So this[QOC] is certainly very useful for strategies.... It was quite tricky to think in that way then [i.e. tricky to use QOC in session 1] but itwas useful... but I think I�d find it almost impossible to wrench myself into thinking inthat way [for sessions 2 and 3]; it would be unnatural almost, �cos it�s not that kind ofpath that you take when you�re doing this sort of thing.On two occasions he used analogies to describe how he had been working in the lattersessions:Have you ever watched someone design a circuit board?It�s more... like painting a picture of something, and you ask why did you put the treesthere and not there? There are so many Criteria and they all interrelate.Consider now the Study C designers in FileGroup, describing the P&O user interfaceproblem (provided by us, as QOC tutors) in contrast to their own file-format problem:[Study C: Final debriefing]D1:In our last problem [i.e. file-format problem], it was actually a problem about how youstore things which has real physical constraints and measurable results from doingsomething in a very real sense. So we could sit there and say, well, we could do it incompressed binary or whatever, and then say, we won�t do that because it gives you thisfactor of something, whereas in the P&O [problem] we were saying, well this would benicer to look at, more accessible, in some more, some less quantifiable way...D2:(Our) final problem ... was much more hard and fast and much better defined in somesense...D1:It wasn�t so much selecting options or even selecting criteria, as measuring the criteria;we spent a lot of time deciding that... deciding the real critical trade-offs was actually thewhole point.The Study B designer describes Session 1 as �strategic�, in contrast to being �low level� inSessions 2+3. Similarly, the Study C designers talk of having a �better defined� problem towork on whose focus was �deciding the critical trade-offs.� In both of these studies, wepropose that the designers were engaged in a form of problem solving which may bebroadly characterised as multiple constraint satisfaction�the evolution and testing of partof a design to gradually satisfy its requirements. The process is one of testing the designagainst scenarios of use, overcoming one small flaw after another.2 This also describes theStudy B designer�s descriptions of mentally testing and revising the data structure, once hehad made the higher level decision to pursue that particular Option. This, we also believe, iswhat the Study C designer meant by �measuring the criteria� in the above extract.FileGroup was tackling a problem with more focused goals at the start of the session, andwell established, quantitative metrics for evaluating alternatives.Within our QOC Design Space Analysis approach, we understand this process to be designspace evaluation. The space of relevant Questions, Options and Criteria is relatively wellunderstood, but what remains is the iterative adjustment of the Options and Criteria toobtain the optimal balance of assessments.Why is such a mode of working apparently incompatible with an argumentative designapproach like QOC? We look to Rittel�s analysis of problem solving at this point. Problems

2Gruber & Russell (1996) describe experimental design rationale tools which are able to providesimulation environments for well understood domains. Certain classes of rationale can be generated inresponse to queries by interrogating models of the domain and design.

Graphical Argumentation and Design Cognition15which are amenable to the multiple constraint satisfaction mode of working are essentiallywhat Rittel (1972; Rittel & Webber, 1973) termed �tame� problems, in contrast to �wicked�problems which cannot be solved algorithmically due to their open-ended nature. Wickedproblems possess a number of distinctive properties that elude design methods whichassume that the problem is already understood sufficiently for it to be analysed usingautomatic tools, or top-down methods. Specifically, wicked problems:¥cannot be easily defined so that all stakeholders agree on the problem to solve;¥have no clear stopping rules;¥have better or worse solutions, not right and wrong ones;¥have no objective measure of success;¥require iteration�every trial counts;¥have no given alternative solutions�they must be discovered;¥require complex judgements about the level of abstraction at which to define theproblem;¥often have strong moral, political or professional dimensions which cannot beeasily formalized.As a mode of working, multiple constraint satisfaction assumes by definition that theconstraints are well defined, and that one can tell when they are satisfied. As the above listindicates, these are characteristics which Rittel identified as being conspicuously absent inwicked problems, where one must struggle to gain a clear view of what the problem is byidentifying key constraints.In contrast to FileGroup, the NetGroup designers in Study C found themselves workingwith the craft principles of user interface design, with vague criteria for evaluating thequality of their interface design. As a result, they found themselves faced with a problembearing many of the hallmarks of wicked problem solving. Consequently, laying out theissues using QOC caused far less disruption than experienced by the other team(FileGroup), because QOC supported the cognitive task at hand. Thus, in contrast to designspace evaluation, there was far greater emphasis on design space elaboration.In summary, just as Rittel showed that design methods for tame problems are futile fortackling ill-structured, wicked problems, the results of Studies B and C demonstrate theproblems which are encountered in the opposite situation, in which designers tried to applya technique intended for wicked problems to tame problems. Whilst this might have beenpredictable in theory (being the converse of Rittel�s principle), to our knowledge, this is nota problem which has been recognised in the argumentation literature to date. The(unforeseen) selection of what turned out to be tame problems by the designers in ourstudies has provided empirical evidence to alert us to this boundary condition on QOC�sapplicability. This in turn highlights the need to sensitise designers to the fact that they mayfind themselves attempting to do the same thing. No design problem is wholly tame orwicked, but changes in �degree of wickedness� depending on the designers� expertise andwhat stage they are at in the design process. If designers can develop the �meta-skill� ofbeing aware of the kind of design in which they are engaged, they are more likely to useQOC or a similar argumentation scheme at those points when it can offer greatest analyticalleverage.5.QOC AS A SHARED WORKSPACE ACTIVITYThe QOC analyses presented thus far have focused on the cognitive interaction between asingle designer and the QOC notation. However, software design is frequently a groupactivity; meetings punctuate, indeed often regulate, the development process in almost all

Buckingham Shum, MacLean, Bellotti & Hammond16design organisations. A notation assumes new properties in a group context, since it maynow serve as a shared language and focus of attention. In order to better understand QOC�seffect on group dynamics, it is necessary to adopt a different perspective to that taken inanalysing individual use. The vocabulary of discussion shifts now to concerns such as roledistribution, group activity while QOC is recorded, and the importance of QOC structuresas representations collaboratively developed and owned by the group.In the following analysis, we begin by summarizing Study C designers� complaints thatQOC acted as a �brake� in meetings, disrupting a normally dynamic process. We thenintroduce a framework which describes the �shared workspace activity� of small groupsengaging in conceptual design. This clarifies QOC�s affordances in group settings, which inturn makes more explicit the roles and commitment which are needed in a group tofacilitate QOC�s collaborative use. This is then used to analyse the disruptive effect whichQOC had in one of the FileGroup design team, and to consider broader implications for theroles which QOC can play in group design.5.1Designers� complaints about QOCIn Study C, there was evidence from both design teams that they found QOC to besomething of a burden to use in the concurrent �on the fly� manner in which they had beentrained, since it introduced extra overheads to manage in the course of their discussions.The nature of some of these overheads is now well understood (Study A), but they haveimplications in a group setting which add a new dimension to the issues discussed so far. Inthe Study C debriefing, we received the following feedback:¥FileGroup designers felt that QOC had held back their normally fast-flowingdesign meetings;¥The FileGroup QOC scribe was �left out� as discussion moved on whilst he wasrecording the last decision and rationale;¥Both groups reported that they felt they were meant to step through each decisionin turn, by enumerating possibilities at each stage; this was felt to labour things;¥Both groups reported that there were points when the way forward seemed to beclear, or when a good decision had been made, but the group had moved forwardso quickly that they then had to wait for the QOC to be updated, which wasfrustrating.One factor to bear in mind is that since this was the designers� first exposure to structuredargumentation, it would have been a bit cumbersome and intrusive, like any new method orlanguage. Indeed, there is other evidence that reactions such as these are common on initialexposure to structured argumentation schemes (Rein & Ellis, 1991). However, it is notreasonable to attribute all of the above feedback merely to beginners� problems. On thecontrary, we believe that an important issue surfaced in the group design exercise (Study C)which had not previously been recognised.5.2Shared representations: mediation, storage and expressionTang (1991), has proposed a framework (Figure 8) for describing the shared workspaceactivity of small groups engaged in conceptual design. Based on studies of design teamsusing whiteboards and paper, he developed an analysis of their activities in terms of actions(textual listing, drawing, and gesturing), and the functions which these serve (storinginformation, expressing ideas, or mediating interaction). This characterisation of groupdesign has since served as the conceptual basis for several prototype shared drawing tools(e.g. Greenberg & Bohnet, 1991; Ishii, 1990; Lu & Mantei, 1991; Tang & Minneman,1990; Tang & Minneman, 1991).

Graphical Argumentation and Design Cognition17

FunctionActionStore informationExpress ideasMediate interactionListDrawGesture

T a l k

Conventional view of drawing activitiesMediating interactionExpressing ideas expressionGestural Figure 8: A framework for describing the workspace activity of design teams(Tang, 1989)The framework distinguishes between recording notes and sketches for informationstorage, typically after explicit agreement, as opposed to the development and expression ofideas. The distinction is between documenting �complete� ideas for later recall, andexpressing �incomplete� ideas to enable others to react to and build on them. Clearly, ideasrecorded for later recall may at any point become a vehicle for developing further ideas(and Tang presents instances of interaction which bridge categories). The third function ofworkspace actions in the framework is to mediate interaction. Tang illustrates how all threeaction types are used by team members to coordinate discussion through the processes ofturn-taking and directing the group�s attention to different issues. Finally, all of thisrepresentational activity is set against a background of discussion (Talk in Figure 8), whichTang does not analyse in any more detail.The introduction of QOC argumentation into group design adds a new dimension to ourconception of group design. Firstly, given its inherently conversational nature, anargumentation scheme is to some extent part of the Talk which exists as background toTang�s three Actions. However, QOC argumentation is also an explicit, representationalactivity, and as such can be introduced as a new Action column, serving a number ofpossible Functions (Figure 9).

FunctionActionStore informationExpress ideasMediate interactionCollaborative Argumentation

QOC supporting the emergence and debate of new ideasQOC structuring and focusing discussionQOC serving as a long term, reusable project memoryFigure 9: Using Tang�s framework to clarify QOC�s roles in group designIt is QOC�s role in each of these functions�mediating interaction, expressing ideas andstoring information�that we now examine.5.3QOC�s mediation of group designArgumentation schemes are designed specifically to mediate group interaction. An essentialpart of the Procrustean discipline of using a constrained vocabulary is to encourage acognitive dialogue with the representation, so that it can �talk back� to the designer andexpose weaknesses in thinking. QOC has certain representational affordances that drawparticipants� attention to particular issues. For instance, a Question with no Options, orOptions with no assessing Criteria, demand attention at some point. More subtle patternssuch as a Decision which has no objecting Criteria will suggest to more experienced users

Buckingham Shum, MacLean, Bellotti & Hammond18that they have not thought deeply enough about an issue, since there are rarely Options withno negative trade-offs.Maintaining group momentum whilst recording QOC is another relevant issue. Faced withthe task of documenting ideas, the aim is to record the information in the most efficient,timely manner possible. However, Tang observed that the delay this introduces creates aproblem for a group striving to maintain momentum in a meeting, and suggested that agroup can manage the delay in three possible ways:¥wait for the scribe to finish recording ideas;¥occupy the pause with individual work;¥move on to discuss another issue.When we consider QOC use in Study C, we find that this problem did indeed arise. Thedesigners used the third strategy, and reported that consequently the QOC scribe was leftout of discussion and had to catch up. In general, the second strategy did not occur, since asingle scribe was appointed for recording QOC, and hence controlled the representationalworkspace. It is also worth noting that whilst it was common for designers to watch whilstQOC was recorded (the first strategy), the process of deciding how to summarise what hadjust been talked about often provoked further contributions, such as suggesting a missingCriterion, or a better name for an Option.This is the kind of shared �ownership� of the QOC which can smooth the potentialdisruption caused by making rationale explicit in a meeting�the extra effort required tocreate the QOC is managed by making it the group�s responsibility, not just that of adedicated scribe. The frequency with which QOC is recorded will be one factordetermining disruption of momentum. One group might prefer to record everything almostas it arises, whilst another might periodically reflect on what the most important ideas overthe last hour, week or month have been. Naturally these two uses are not mutuallyexclusive, and will also depend on the kind of problem being tackled. The followingsections examine in more detail the continuum between using QOC to proactively expressideas, in contrast to a more passive role in which it is used simply to document ideasretrospectively.5.4Idea expression and storage using QOCTang�s framework contrasts the processes of storing ideas with that of expressing ideas, asfollows:[T]he goal of storing information is an artifact that records information for later recall.The process of creating that artifact is often troublesome, due to the time delay involved.However, when expressing ideas, the goal is to enlist the interaction of the group todevelop ideas. Having the group experience and participate in the process of creatingworkspace artifacts is an integral part of expressing and developing ideas. (Tang, 1989,p.86)Goel & Pirolli (1989) have also documented how representations such as sketches supportthe process of developing and refining design ideas, as distinct from the subsequentencoding of the products of that process:Within a single symbol system, he [the designer] constructs multiple representations ofthe artifact. In both cases, we want to note that these external representations are not forcommunicating something after the fact. They serve an indispensable role in thegeneration, evaluation, and decision-making process. Once decisions are made, symbolsystems serve to record and perpetuate them. (Goel & Pirolli, 1989, p. 32)Given that one of the primary purposes of QOC is the preservation of rationale which maybe forgotten, it is self-evidently intended to play an information storage role. However, theabove quotes emphasize the importance of the processes involved in creating that record.

Graphical Argumentation and Design Cognition19The distinction between expression and storage within Tang�s framework describes veryneatly the evolution from a representation for unstable, provisional rationale, to one formore stable, consensus rationale. This corresponds to shifts from implicit to explicitknowledge, from being a private to a public resource, and from being a one-offrepresentation to facilitate a single meeting, to being a reusable resource of wider interest.These points are developed below.Tang noted that artifacts used or created to aid the expression of ideas (such as singlewords, doodles, emphases on sketches or words) are often meaningless without knowingthe context in which they were embedded, which would include gestures, preceding andongoing discussion, and shared background knowledge. In other words, partially formednotational expressions of this sort will be unavoidable when a notational system plays anactive role in synchronous group meetings.Graphical argumentation is no exception. Quickly created, rough QOC is oftenunintelligible to outsiders, being dependent on those present at its creation for correctinterpretation. When used for expressing and developing ideas, names are oftenimpoverished, sufficient only for the group to understand; similarly, problemdecomposition may be partial or simply wrong, again, useful only to the immediate designgroup as they explore the problem. There may be invisible links between elements whichare �seen� only by the group, or hidden significance in particular spatial relationships.Although these phenomena break the �official� notational grammer of QOC, these are not�wrong� uses of QOC which we should discourage designers from adopting. In training, weexplicitly legitimize such exploratory representations in order to make designers aware thatthey should not expect to construct clean, coherent QOC argumentation first go.There is a form of �representational tension�, however, deriving from two sources. Firstly,argumentation schemes provide most analytical leverage when the effort is made to engagein the four cognitive tasks identified in Study A�parsing, classifying, naming and linking.It is these which distinguish graphical argumentation from other less structured forms ofnotetaking or discussion. There is a balance to find, therefore, between recognising theimportance of rough, ill-formed QOC, and the value of taking the extra effort to createcleaner, more rigorous QOC.The second, related, source of tension is that as a rule, the lifecycle of a design rationalewill not end at the stage of rough QOC. If it is to serve as a longer term project memory,and is to make sense to outsiders who cannot fill in the implicit information known only bythe original group (who of course will themselves forget details as time passes), a QOCstructure will need to be edited and integrated with other representations. How can wesupport the transition from expression to storage, that is, from expressions which rely onimplicit background, and are informal, incomplete and private, to records which makenecessary background explicit, and are more formal, complete and publicly intelligible?Typically, this is accomplished through two processes in combination, which we shall callenrichment and conversion.EnrichmentIn this process, the expressive QOC is retained as the basic structure for a more complete,longer term storage QOC. For example, important assumptions may need to be declared,acronyms and abbreviated names of nodes expanded, and implicit spatial organization ofthe QOC made more explicit.3 As new Questions, Options and Criteria are added, they areoften concretised in the form of sketches and other design renderings; however, rather than

3Work on providing computational support for detecting and formalizing meaningful spatialarrangements of ideas is described by Marshall & Shipman (1995).

Buckingham Shum, MacLean, Bellotti & Hammond20leave these locked in the memories of the designers or fragmented in various places andmedia, they can be linked into the QOC (as illustrated by MacLean & McKerlie, 1995). Thedesign rationale itself may need to be linked to other relevant design documents to illustratepoints or provide important background context (Shum, MacLean, Forder & Hammond,1993). Through this process, rough QOC, a team�s short term working memory, is enrichedto the point where it can provide a long term memory resource.There are strengths and weaknesses to this approach. Enriching the existing structure meansthat designers work within a single notational (probably hypermedia) environment, usingthe graphical browser as the central working representation. No conversion to, andassociated editing of, other formats is required. The main requirement on any user is thatthey are familiar with the QOC notation. Our experience in training designers (MacLean,Buckingham Shum & Bellotti, 1992-94) is that it is not hard to grasp or read (assuming oneknows what the subject matter is), but is more demanding to use, as described in this paper.Currently, there is documented evidence that project members not involved in theconstruction of enriched QOC, but familiar with the notation, can understand and build onit (McKerlie & MacLean, 1994). Elsewhere, we have proposed some of the functionalitywhich might be expected in an environment to support the enrichment of argumentation(Buckingham Shum & Hammond, 1994).ConversionIn this process, the key ideas and arguments currently in expressive, graphical QOC formare distilled into a different form for storage. The most obvious example is to write aconventional textual report; this might inherit its structure from the QOC network, andcould include relevant fragments of QOC argumentation.Conversion obviously introduces new effort to create the new format document. However,developments in hypertext writing tools suggest that the basic structure could be generatedautomatically from the QOC network. One danger of conversion is that the new documentbecomes �frozen� (unable to respond to new developments), rather than �living� as aresource which can continue to grow as new discussion is added (one of the strengths ofnetwork-based notations). However, conventional documents will always be needed inorganisations, and digital document architectures are increasingly able to support modularupdating�the goal is to preserve the links to the argumentation which gave rise to thedocument, just as we propose that the rationale for other designed artifacts is preserved andeasily accessible.5.5Reflections on the argumentative approachAlthough the concepts of enrichment and conversion are relevant to all representationalschemes, graphical argumentation may possess a unique property in the context of thetransition from expression to storage. The central claim made by Rittel & Webber (1973) isthat argumentative modes of working are essentially the only way to tackle wickedproblems. Rittel developed the IBIS notation on the basis that representational support wasmost needed in the conversational, argumentative process of articulating and reconcilingconflicting views of the problem. Expressed in its strongest form, the philosophy behindIBIS is to provide a medium for recording all discussion during wicked problem solving.Conklin & Burgess Yakemovic (1991) build on this view, proposing that the knowledgecapture problem can be overcome if all contributions to a discussion, not just parts of it oronly what the whole group agrees on, are captured in the argumentation web, since in theearly stages of wicked problem solving nobody knows what will subsequently prove to bevaluable. When argumentation is given this central mediating role, the distinction betweenexpression and storage blurs�everything expressed is automatically stored.

Graphical Argumentation and Design Cognition21We believe that this approach is correct in essence, but should be qualified in two importantrespects. Firstly, to claim that short term (expressive) argumentation can double up as longterm (storage) argumentation hides complexities which this paper elucidates. Thus, it is notclear that such an approach obviates the need for subsequent enrichment or conversion ofthe argumentation. The argumentation constructed in a meeting is unlikely to be richenough to maintain intelligibility over a longer period, and to a wider community withoutsubsequent enrichment/conversion. As described above, this is (a) because the gradualevolution of rough ideas is a central process in group problem solving, and (b)argumentation created by one group at a particular point in time may not be sufficientlyintelligible for others to reuse it.Secondly, greater emphasis needs to be placed on the interaction between argumentationand the other artifacts with which designers work (sketches; prototypes; requirementsdocuments, etc.). Often, a lot of discussion and analysis is centred around these concreteartifacts, and it is not appropriate to try and capture it all as argumentation. The mode ofworking characterised as multiple constraint satisfaction in Studies B and C is one instanceof the �artifact construction� mode of working (Fischer et al., 1991) which plays such acentral role in design. In summary, it is essential that argumentation does not exist in anabstract �vaccum� disconnected from the concrete artifacts it is describing; it must be linkedto these artifacts, to support both the authoring and the subsequent reading of the designrationale by others.6.CONCLUSIONS AND FUTURE WORKFor many years, researchers have been striving to understand how computers can augmentour ability to solve problems. One of the most obvious ways is to seek to augment thedebates about problems�both in one�s own mind and with other minds�which underpinmuch intellectual work. The strategy of graphically representing the structure of, and linksbetween, arguments is based on extensive evidence that asking the right questions andnegotiating trade-offs are fundamental processes underpinning the solving of ill-structured,wicked problems. However, structuring reasoning and discussion comes at a cost, namely,it requires the integration of a new representational structure into the cognitive anddiscursive flow. The question which we have sought to address is whether this providessupportive or obstructive structure.This paper has presented a use-oriented analysis of the QOC argumentation scheme in thecontext of design rationale capture. It describes the individual and group demands of usinga semiformal argumentation scheme to support design reasoning, seeking to identify when,and clarify why, QOC supports particular kinds of design problem solving and obstructsothers. We have argued that QOC provided most support when designers needed toelaborate poorly understood design spaces in order to clarify the key Questions, Optionsand Criteria. However, it was intrusive when they were trying to evaluate relatively wellunderstood design spaces in which the main task was to satisfy multiple constraints throughiterative testing and adjustment, until an optimal solution has been obtained. We haveargued that this can be understood in terms of cognitive compatibility between theargumentative mode of working required and encouraged by QOC, and the cognitive workassociated with these two very different kinds of design problem solving. In the finalsection, we have drawn on a framework for understanding how shared representations areused in meetings to clarify factors particular to group settings which shape QOC�s use.Firstly, QOC can play a proactive or passive role in shaping deliberation, and secondly, thisinteracts with the role which it is expected to play in the future as a form of longer termproject memory.Although the studies reported here are grounded in the design domain, ill-structured,wicked problems in many domains involve elaborating and evaluating problem and solutionspaces. Our analysis of QOC should therefore be relevant to argumentation in otherdomains in which problem elaboration and negotiation play a central role.

Buckingham Shum, MacLean, Bellotti & Hammond22In this paper, we have been most interested in graphical argumentation structures ascognitive tools to support individual and collaborative design in real time. However, this isjust one of a range of ways to use argumentation schemes. To return to one of our openingpoints, the emergence of large scale hypertext in the form of the World Wide Web hasalready spawned experimental uses of structured argumentation on a scale which has notbeen possible to date, by users working synchronously and asynchronously in newdomains. This emphasises a number of key dimensions which will impact the success ofnew argumentative tools and methods. These include the users (e.g. their background;whether they are working alone or collaboratively), the notation used to express arguments(how elaborate should it be?), the technology used to represent the notation (e.g. outlineviews on the Web, vs. direct manipulation networks), the domain which will influence whatargumentation constructs are required, the time constraints which determine how muchtime there is to reflect on and construct arguments, and organizational practices andculture which will influence the degree to which argumentation methods and tools will beaccepted. Together, these describe a space of scenarios in which collaborativeargumentation can take place. These dimensions also define an agenda for future work inthe maturing field of Computer-Supported Collaborative Argumentation.Acknowledgements. Our thanks to Wendy Kellogg for her particularly detailed review of this paper, and toJack Carroll, Jeff Conklin, Jean McKendree, Tom Moran, Tamara Sumner, John Tang and an anonymousreviewer for their comments on earlier versions. In Study C, Ian Daniel provided valuable technical assistanceand David Elworthy transcribed video and QOC with great efficiency. We are grateful to the designers whoparticipated from the Impact Project at Nestl� Rowntree, York, Logica Cambridge Ltd., York UniversityMusic Technology Group, and The Warehouse Project.Support. This research was conducted whilst the author was at the University of York and Rank XeroxEuroPARC, Cambridge. Funding is gratefully acknowledged from Rank Xerox EuroPARC, SERC CASEAward 88504176, and ESPRIT Basic Research Actions 3066 and 7040 (AMODEUS Projects 1 & 2).REFERENCESNote: AMODEUS Project documents are available at: www.mrc-apu.cam.ac.uk/amodeus/Bellotti, V. (1993). Integrating Theoreticians� and Practitioners� Perspectives with Design Rationale.Proceedings of InterCHI�93: Human Factors in Computing Systems, Amsterdam, Holland, 101-106.ACM Press: NYBellotti, V., Buckingham Shum, S., MacLean, A., & Hammond, N. (1995). Multidisciplinary Modelling InHCI Design...In Theory and In Practice. In I. R. Katz, R. Mack, L. Marks, M. B. Rosson, & J. Nielsen,Proc. ACM CHI�95: Human Factors in Computing Systems (pp. 146-153). Denver, Colorado (May 7-11, 1995): ACM Press: New YorkBlandford, A., Buckingham Shum, S., & Young, R. (1995). User-Oriented Design Descriptions for Non-Psychologists: Training Software Engineers in the PUM Instruction Language. Working Paper ReportNumber, AMODEUS-2 Project, October, 1995Brown, J. S. (1986). From Cognitive Ergonomics to Social Ergonomics and Beyond. In D. A. Norman & S.W. Draper, User Centered System Design (pp. 457-486). Hillsdale, New Jersey: Lawrence ErlbaumAssociatesBuckingham Shum, S. (1996). Analyzing the Usability of a Design Rationale Notation. In T. P. Moran & J.M. Carroll, Design Rationale: Concepts, Techniques, and Use (pp. 185-215). Hillsdale, NJ: LawrenceErlbaum AssociatesBuckingham Shum, S. & Hammond, N. (1994). Argumentation-Based Design Rationale: What Use atWhat Cost? International Journal of Human-Computer Studies, 40, 4, 603-652Buckingham Shum, S., MacLean, A., Bellotti, V. M. E., & Hammond, N. (1993). Learning to UseArgumentation-Based Design Rationale. Working Paper Report Number, Amodeus-2 Project,December, 1993Burgess Yakemovic, K. C. & Conklin, J. (1990). Report on a Development Project Use of an Issue-BasedInformation System. Proceedings of CSCW�90: Computer Supported Cooperative Work, 105-118.ACM: New York

Graphical Argumentation and Design Cognition23Carroll, J. M. & Kellogg, W. A. (1989). Artifacts as Theory Nexus: Hermeneutics Meets Theory-BasedDesign. Proceedings of CHI�89: Human Factors in Computing Systems, . ACM: New YorkCarroll, J. M., Kellogg, W. A., & Rosson, M. (1991). The Task-Artifact Cycle. In J. M. Carroll, DesigningInteraction: Psychology At the Human-Computer Interface. New York: Cambridge University PressCarroll, J. M. & Moran, T. P. (Ed.). (1991). Special Issue on Design Rationale. New Jersey: LEACarroll, J. M. & Rosson, M. B. (1991). Deliberated Evolution: Stalking The View Matcher in DesignSpace. Human-Computer Interaction, 6, 3&4, 281-318. Reprinted in: Design Rationale: Concepts,Techniques, and Use. T.P. Moran & J.M. Carroll, (Eds.), 107-145. Lawrence Erlbaum Associates:Hillsdale, NJ, 1996 (Reprinted in: Moran T.P. and Carroll J.M. (eds.) Design Rationale: Concepts,Techniques, and Use. Lawrence Erlbaum Associates (1994)).QuestMap (1993). CMSI, Corporate Memory Systems, Inc., 11824 Jollyville Road, Austin, TX 78759,USA (www.cmsi.com/business/info/)Conklin, J. (1987). Hypertext: An Introduction and Survey. IEEE Computer, 20, 9, 17-41Conklin, J. (1989). Design Rationale and Maintainability. Proceedings 22nd Hawaii InternationalConference on System Science, 555-561. IEEE Computer Society PressConklin, J. & Begeman, M. L. (1988). gIBIS: A Hypertext Tool for Exploratory Policy Discussion. ACMTransactions on Office Information Systems, 6, 4, 303-331Conklin, J. & Begeman, M. L. (1989). gIBIS: A Tool for All Reasons. Journal of the American Society forInformation Science, May, 200-213Conklin, J. & Burgess Yakemovic, K. C. (1991). A Process-Oriented Approach to Design Rationale.Human-Computer Interaction, 6, 3&4, 357-391. Reprinted in: Design Rationale: Concepts,Techniques, and Use. T.P. Moran & J.M. Carroll, (Eds.), 393-427. Lawrence Erlbaum Associates:Hillsdale, NJ, 1996 (Reprinted in: T.P. Moran and J.M. Carroll (Eds.) Design Rationale: Concepts,Techniques, and Use. Lawrence Erlbaum Associates, 1996).Englebart, D. C. (1963). A Conceptual Framework for the Augmentation of Man�s Intellect. , Vistas inInformation Handling (pp. 1-29). London: Spartan Books: Washington, DC (Reprinted in: Greif, I.,Ed. (1987). Computer-Supported Cooperative Work: A Book of Readings, pp. 35-65. MorganKaufmann Publishers: San Mateo, California).Fischer, G. (1988). Position Statement on Panel Session: A Critical Assessment of Hypertext Systems.Proceedings of CHI�88: Human Factors in Computing Systems, 223-227. ACM: New YorkFischer, G., Lemke, A. C., McCall, R., & Morch, A. I. (1991). Making Argumentation Serve Design.Human-Computer Interaction, 6, 3&4, 393-419. Reprinted in: Design Rationale: Concepts,Techniques, and Use. T.P. Moran & J.M. Carroll, (Eds.), 267-293. Lawrence Erlbaum Associates:Hillsdale, NJ, 1996 (Reprinted in: T.P. Moran and J.M. Carroll (Eds.) Design Rationale: Concepts,Techniques, and Use. Lawrence Erlbaum Associates, 1996).Gaines, B. R. & Shaw, M. L. S. (1995). Concept Maps as Hypermedia Components. International Journalof Human-Computer Studies, 43, 323-361Garcia, A. C. B. & Howard, H. C. (1992). Acquiring Design Knowledge Through Design DecisionJustification. Artificial Intelligence for Engineering Design, Analysis and Manufacturing, 6, 1, 59-71Goel, V. & Pirolli, P. (1989). Motivating the Notion of Generic Design Within Information-ProcessingTheory: The Design Problem Space. AI Magazine, , Spring, 18-36Goldk�hl, G. (1991). Information Systems Design as Argumentation: An Investigation into DesignRationale as a Conceptualization of Design. 14th IRIS Conference (Information System Research InScandinavia), Ume� (11-14 August),Greenberg, S. & Bohnet, R. (1991). Groupsketch: A Multi-User Sketchpad for Geographically-DistributedSmall Groups. Proceedings of Graphics Interface�91,Gruber, T. R. & Russell, D. M. (1996). Generative Rationale: Beyond the Recall and Replay Paradigm. InT. P. Moran & J. M. Carroll, Design Rationale: Concepts, Techniques, and Use (pp. 323-349).Hillsdale, NJ: Lawrence Erlbaum AssociatesHalasz, F. G. (1988). Reflections on Notecards: Seven Issues for the Next Generation of HypermediaSystems. Communications of the ACM, 31, 836-852Hashim, S. H. (1991). WHAT: An Argumentative Groupware Approach for Organizing and DocumentingResearch Activities. Journal of Organizational Computing, 1, 3, 275-302Hurwitz, R. & Mallery, J. C. (1995). The Open Meeting: A Web-Based System for Conferencing andCollaboration. Proceedings of The Fourth International Conference on The World-Wide Web, Boston:MIT, December 12, 1995, . http://www.w3.org/pub/Conferences/WWW4/Papers2/349

Buckingham Shum, MacLean, Bellotti & Hammond24Ishii, H. (1990). TeamWorkStation: Towards a Seamless Shared Workspace. Proceedings of ACMCSCW�90 Conference on Computer-Supported Cooperative Work, 13-26Jarczyk, A., Loffler, P., & Shipman, F. (1992). Design Rationale for Software Engineering: A Survey.Proceedings of 25th Annual Hawaii International Conference on System Sciences (8-10 January,1992),JRST (1990). Special Issue on Concept Mapping. Journal of Research and Science Teaching, 27, 10Kommers, P. A. M., Jonassen, D. H., & Mayes, J. T. (Ed.). (1992). Mindtools: Cognitive Technologies forModelling Knowledge. Berlin: Springer-VerlagHyperNews (1995). LaLiberte, D., National Center for Supercomputing Applications, University of Illinoisat Urbana-Champaign (http://union.ncsa.uiuc.edu/HyperNews/get/hypernews.html)Lee, J. (1990). SIBYL: A Tool for Managing Group Design Rationale. Computer Supported CooperativeWork, Los Angeles, CA, 79-92. ACM Press: New YorkLee, J. (1991). Extending the Potts and Bruns Model for Recording Design Rationale. Proceedings 13thInternational Conference on Software Engineering, Austin, Texas,Lu, I. & Mantei, M. (1991). Idea Management in a Shared Drawing Tool. Proceedings of EuropeanComputer Supported Cooperative Work Conference (ECSCW�91),MacLean, A., Bellotti, V., & Shum, S. (1993). Developing the Design Space with Design Space Analysis.In P. F. Byerley, P. J. Barnard, & J. May, Computers, Communication and Usability: Design Issues,Research and Methods for Integrated Services (pp. 197-219). Amsterdam: Elsevier: North HollandSeries in Telecommunication.MacLean, A., Buckingham Shum, S., & Bellotti, V. (1992-94). Design Rationale Tutorial. Tutorials atHCI�92-94: British Computer Society HCI Conferences, U.K.,MacLean, A. & McKerlie, D. (1995). Design Space Analysis and Use-Representations. In J. M. Carroll,Scenario-Based Design: Envisioning Work and Technology in System Development. New York: WileyMacLean, A., Young, R. M., Bellotti, V., & Moran, T. (1991). Questions, Options, and Criteria: Elementsof Design Space Analysis. Human-Computer Interaction, 6, 3 & 4, 201-250. Reprinted in: DesignRationale: Concepts, Techniques, and Use. T.P. Moran & J.M. Carroll, (Eds.), 53-105. LawrenceErlbaum Associates: Hillsdale, NJ, 1996MacLean, A., Young, R. M., & Moran, T. (1989). Design Rationale: The Argument Behind the Artifact.Proceedings of CHI�89: Human Factors in Computing Systems, 247-252. ACM: New YorkMarshall, C. C. (1987). Exploring Representation Problems Using Hypertext. Proceedings of Hypertext�87,253-268. ACM: New YorkMarshall, C. C. & Shipman, F. M. (1995). Spatial Hypertext: Designing for Change. Communications ofthe ACM, 38, 8, 88-97Matthiassen, L. (1987). Systems, Processes and Structures: A Contribution to the Theoretical Foundation ofInformation Systems Development and Use. In P. Docherty, K. Fuchs-Kittowski, P. Kolm, & L.Mathiassen, System Design for Human Development and Productivity: Participation and Beyond.Amsterdam: North HollandMcKerlie, D. & MacLean, A. (1994). Reasoning with Design Rationale: Practical Experience with DesignSpace Analysis. Design Studies, 15, 2, 214-226Moran, T. P. & Carroll, J. M. (Ed.). (1996). Design Rationale: Concepts, Techniques, and Use. Hillsdale,NJ: Lawrence Erlbaum Associates (ISBN 0-8058-1566-X).Newman, S. & Marshall, C. (1991). Pushing Toulmin Too Far: Learning from an Argument RepresentationScheme. Technical Report Report Number, Xerox Palo Alto Research CenterO�Donnell, J. J. (1993). St. Augustine to NREN: The Tree of Knowledge and How it Grows. The SerialsLibrarian 23.3/4 (1993), 21-41, . Republished in: If We Build It: Scholarly Communications andNetworking Technologies, (New York, 1993), 21-41. WWW: http://ccat.sas.upenn.edu/jod/nasig.htmlPotts, C. & Bruns, G. (1988). Recording the Reasons for Design Decisions. Proceedings of 10thInternational Conference on Software Engineering, 418-427Potts, C., Takahashi, K., & Anton, A. (1994). Inquiry-Based Requirements Analysis. IEEE Software,March�94, 21-32Ramesh, B. (1993). Supporting Systems Development by Capturing Deliberations During RequirementsEngineering. IEE Transactions on Software Engineering, 18, 6, 498-510Rein, G. L. & Ellis, C. A. (1991). rIBIS: A Real-Time Group Hypertext System. International Journal ofMan-Machine Studies, 24, 3, 349-367 (Also in Greenberg S. (Ed.) Computer Supported CooperativeWork and Groupware, 223-241. (1991) Academic Press: London).

Graphical Argumentation and Design Cognition25Rittel, H. W. J. (1972). Second Generation Design Methods. Interview in: Design Methods Group 5thAnniversary Report: DMG Occasional Paper, 1, 5-10. Reprinted in: Developments in DesignMethodology, N. Cross (Ed.), 1984, pp. 317-327, J. Wiley & Sons: ChichesterRittel, H. W. J. & Webber, M. M. (1973). Dilemmas in a General Theory of Planning. Policy Sciences, 4,155-169Schuler, W. & Smith, J. (1990). Author�s Argumentation Assistant (AAA): A Hypertext-Based AuthoringTool for Argumentative Texts. In A. Rizk, N. Streitz, & J. Andr�, Hypertext: Concepts, Systems andApplications. Cambridge: Cambridge University PressShum, S. (1991). Cognitive Dimensions of Design Rationale. In D. Diaper & N. V. Hammond, People andComputers VI: Proceedings of HCI�91 (pp. 331-344). Cambridge: Cambridge University Press (Alsoavailable as: Technical Report EPC-91-114, Rank Xerox EuroPARC).Shum, S., MacLean, A., Forder, J., & Hammond, N. V. (1993). Summarising the Evolution of DesignConcepts Within a Design Rationale Framework. Adjunct Proceedings InterCHI�93: ACM/IFIPConference on Human Factors in Computing Systems, 24-29 April, 1993, Amsterdam, 43-44(ftp://kmi.open.ac.uk/pub/simonb/interchi93.ps).Sj�berg, C. & Timpka, T. (1995). Inside Multidisciplinary Design in Medical Informatics: Experiencesfrom the Use of an Argumentative Design Method. MEDINFO�95: Tri-annual World Conference inMedical Informatics, Vancouver,Smolensky, P., Bell, B., Fox, B., King, R., & Lewis, C. (1987). Constraint-Based Hypertext forArgumentation. , ACM Hypertext�87 Proceedings (pp. 215-245): ACM: New YorkStreitz, N., Hanneman, J., & Th�ring, M. (1989). From Ideas and Arguments to Hyperdocuments:Travelling Through Activity Spaces. Proceedings of Hypertext�89, 343-364. ACM: New YorkStutt, A. & Motta, E. (1995). Recording the Design Decisions of Knowledge Engineers to Facilitate Re-useof Design Models. Proceedings 9th Banff Knowledge Acquisition for Knowledge-Based SystemsWorkshop, Banff, Canada (26 Feb-3 Mar�95), . SDRG Publications, Dept. Computer Science, U.Calgary, Calgary, Alberta, Canada, T2N 1N4Tang, J. C. (1989). Listing, Drawing and Gesturing in Design: A Study of the Use of Shared Workspacesby Design Teams. Technical Report Report Number, Xerox Palo Alto Research Center (DoctoralDissertation, Stanford University).Tang, J. C. (1991). Findings From Observational Studies of Collaborative Work. International Journal ofMan-Machine Studies, 34, 2, 143-160 (Also in Greenberg S. (Ed.) Computer Supported CooperativeWork and Groupware, 11-28. (1991) Academic Press: London).Tang, J. C. & Minneman, S. L. (1990). VideoDraw: A Video Interface for Collaborative Drawing.Proceedings of ACM CHI�90 Conference on Human Factors in Computing Systems, (April 1-5),Seattle, Washington, 313-320. ACM: New YorkTang, J. C. & Minneman, S. L. (1991). VideoWhiteboard: Video Shadows to Support RemoteCollaboration. Proceedings of ACM CHI�91 Conference on Human Factors in Computing Systems,New Orleans, Louisiana, 315-322. ACM: New YorkTimpka, T., Nyce, J. N., Sj�berg, C., & Johansson, M. (1993). Action Design: From Modelling to Supportof the Software Process. Proceedings of Software Engineering and Knowledge Engineering�93, SanFrancisco, . IEEE PressToulmin, S. (1958). The Uses of Argument. Cambridge: Cambridge University PressVanLehn, K. (1985). Theory Reform Caused by an Argumentation Tool. Technical Report ISL-11 ReportNumber, Xerox Palo Alto Research CenterVanwelkenhuysen, J. (1995). Embedding Non-Functional Requirements Analyses in ConceptualKnowledge Systems Designs. Proceedings 9th Banff Knowledge Acquisition for Knowledge-BasedSystems Workshop, Banff, Canada (26 Feb-3 Mar�95), 45.1-45.15. SDRG Publications, Dept.Computer Science, U. Calgary, Calgary, Alberta, Canada, T2N 1N4

Buckingham Shum, MacLean, Bellotti & Hammond26APPENDIX: QOC ARGUMENTATION FROM STUDY C DESIGNERSNetGroup: QOC for own problem

Graphical Argumentation and Design Cognition27FileGroup: QOC for own problem