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Abstract: This paper characterises key weaknesses in the ability of current digital libraries to support
scholarly inquiry, and as a way to address these, proposes computational services grounded in semiformal
models of the naturalistic argumentation commonly found in research literatures. It is argued that a design
priority is to balance formal expressiveness with usability, making it critical to co-evolve the modelling
scheme with appropriate user interfaces for argument construction and analysis. We specify the
requirements for an argument modelling scheme for use by untrained researchers, describe the resulting
ontology, contrasting it with other domain modelling and semantic web approaches, before discussing
passive and intelligent user interfaces designed to support analysts in the construction, navigation and
analysis of scholarly argument structures in a Web-based environment.

Keywords: scholarly argumentation; argument modelling user interfaces; argument visualization; semantic

annotation; cognitive support; conceptual graphs; electronic publishing; contested knowledge

1 Introduction: argument modelling as scholarly publishing

This journal special issue brings together work which investigates the implications of modelling, with
computational support, naturally occurring arguments as formulated in the course of everyday work. This
paper contributes with respect to several issues raised by this challenge:

 Adomain application of natural argumentation modelling, namely, to scholarly electronic

publishing and discourse;
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* This is accomplished through Web-mediated commupported collaborative
argumentation, for modelling the specific typesafumentation found in research
literatures;

» Tools are provided for interacting with structucgsrgument, include visualisation tools
and interfaces supporting structured dialogue.

We start by characterising some weaknesses inrdigcholarly/scientific publishing
infrastructures, and as a way to address thespppeocomputational services grounded in semiformal
models of the naturalistic argumentation foundesearch literatures. Let us begin with a questidodtus
the imagination:

In 2010, will scientific knowledge still be pubkshsolely in prose, or can we imagine a

complementary infrastructure that is ‘native’ teetemerging semantic, collaborative web,

enabling more effective dissemination and analykideas?

It is important to say that we are seeking neitheeplace textual narrative as an expressive
medium, nor its products such as books and pe&wed publications. We seek instead to augment them
by exploiting globally networked information in wathat — precisely because of its historical pexigr
the prose publication cannot support. Conventigohblarly publications are the result of a long co-
evolution of notational form with print publishingchnology, but are not designed to take advardfige
today’s information infrastructure. While informarti retrieval and human language engineering relsearc
seek to extract structure of different sorts fréwase texts, the strategy pursued here is to questiy this
structure is lost in the first place? Instead, weiavestigating the interdependent representatizma
usability challenges in capturing and publishing tlonceptual structure of a research article asraah
and machine readable, semiformal structure.

In the following sections, we set out the ratiorfalethis work (Section 2), and then focus on
associated challenges, with an approach derivexd fh@ research into Hypertext, Human-Computer
Interaction, Computer-Supported Collaborative Weankl Computational Linguistics. Section 3 specifies
the particular requirements for an argument maagkicheme which will be usable by researchers
untrained in conceptual modelling or argumentati@ory, Section 4 describes the modelling scheme,

before Sections 5 and 6 describe a series of nwafaces designed to support the variety of weskstin
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the modelling environment. This paper extends eavipus work by contextualising our approach to the
specific field of naturalistic argument modellimpnsolidating previously presented but unpublished
material (Buckingham Shuret al.2002; Urenget al, 2003a), updating the description of the user
interfaces from earlier papers (Buckingham Sheinal. 2003; Urengt al, 2003b), expanding the
theoretical rationale behind the representatiociaéme (Urenet al, 2004), and illustrating new literature
modelling case studies and computational services those already reported (kt, al., 2002; Urenet al.

2003a).

2 Limits of digital libraries in supporting scholarly inquiry

Researchers are benefiting from more rapid acoessearch documents as resources such as neat digit
libraries and e-print archives go online almosthmyweek, but researchers (like almost all other
professions) are also drowning in this ocean, Veisls time to track growing numbers of conferences,
journals and reports. But beyond tracking new tssthere is the whole dimension of analysing a
literature. Researchers are concerned with thefigignce of a contribution to the literature, buat digital
library can answer the obvious — but complex — tjoles which are fundamental to critical inquirydan
which we seek to instill in our students:

*  Which publications support and challenge this doeoit

* What s the intellectual lineage of this idea?

* What data is there to support this specific clairprediction?

» Who else is working on this problem?

» Has this approach been used in other fields?

* What logical or analogical connections have beedentgetween these ideas?

Such questions self-evidently require complex imtetiative work, and moreover, there may be
disagreements of different sorts. The above questiequire semantic annotation at a different léeeh
that addressed by conventional metadata or ontadtigibased markup in semantic web research, which
seek to iron out inconsistency, ambiguity and inplateness in the way resources are characteriteatl{c
these are undesirable if the domain is uncontesitido contrast, principled disagreement about the

significance of a contribution, conflicting perspees, new evidence that changes the world to be
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modelled, and the resulting ambiguities and incsiesicies are precisely what define a field as rebea
they are the objects of explicit inquiry.

In sum, there remains a gap in the researcheritabigolkit: tools to track (claimed)
contributionsin a field, and to express, analyse and contegt $kgnificance It in this context that
structured argumentation has a contribution to ntalsipport individuals and research teams cortséruc
picture of the key arguments in the literature fribweir particular standpoint. Let us now considher t

detailed requirements for such a research tool.
3 Requirements for an argumentation scheme to modelaturalistic

scholarly discourse

“Ontologies” are the term used in knowledge modgliand agent research, and increasingly within the
semantic web community, to describe a specificabforoncepts, attributes and relationships (Gruber,
1993). Typical ontology-based applications develnpntology to control interpretation or semantic
annotation in a specific domain of inquiry (sucheasontology of problem-solving methods) or to made
particular aspect of the world (such as organigatiéunctions), enabling machine-to-machine
interoperability and interpretation. In contrasg propose a semiformal ontology for scholarly disse,
primarily forhumango communicate through as a medium for publishimdjdiscourse (although we
envisage agents as protagonists and claim-makesra point), with the express goal of supporting
multiple (often contradictory) perspectives. Irsteense it is as much an ontologygdncipled
disagreementt still requires consensus in the sense thatqpaints subscribe to the ontology as a
reasonable language for “making and taking persgestt(Boland and Tenkasi, 1995), but in contrast t
most existing ontology applications, stakeholderschnot agree at all on the structure of the fagliehg
modelled. All modelling is interpretation, but whirere is meant to be consensus, the end-user coitymu
is not given the option of disputing the ontologytlee way in which it has been applied. In contraat
modelling scheme makes it explicit that every dbuation can be contested. This emphasis is carried
through into the language of the user interfacelaeid information, which talks about “claims”, anthkes

clear that the system'’s function is to serve asdiom for supporting and contesting ideas in varizays.
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A representation scheme for the arguments in papeaEds to achieve a fine balance between
expressiveness and usability. Whilst our ontologyld be designed to support automated reasoning and
verification of argumentation structures of thetsdfered in other computational argument modelling
research systems, if the database is to be podulgtdomain experts from fields outside knowledge
engineering it seems implausible that a criticassnaf readers of research papers would feel inttioe
learn such a scheme or have the confidence toghutble argument maps they built using it. Convegysel
too weak a scheme will not deliver sufficient seed to make it worth the readers’ while to us&/i.do
not yet claim to have delivered a system with gdarser base, such is the difficulty of negotiatimg
trade-off, but it is a primary constraint in thestdm iterations we present here.

Our work derives from the tradition of hypertextaajumentation (see Buckingham Shum, 2003
for an historical account of the field's emergenddjis places an emphasis on interactive semiformal
representations, often with graphical renderindsctvare processable by both human and softwamsage
We describe later how specific hypertext functidtgadupports argument modelling in a concept magpin

tool.

3.1 Data model

Our modelling scheme comprises nodes and linkseBlogay be atomic or composite at the end user’s
discretion.Atomic node'sare expressed as short pieces of free text subcswnmarising a ‘contribution’
(at whatever granularity the researcher wishexpoess this). For instance, an (optionally untypsdmic
node might simply be the name of a new algorithat the researcher wishes to add to the network as a
contribution, e.g.PageRankA different, typed atomic node might summarise apigical result<Data>
Undergraduate chemistry exam performance is douslest training on the ChemVR systérhese are
now objects (loosely analogous to published wessiiéh URLS) which others can link to in their own

work (but unlike the web) using a semantically tygiek.

! We refer later to nodes as “Concepts” but in @xjhg the data model, have found that it is maipful to refer to them in

semantic hypertext language as nodes.
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Figure 1. Structure of a Claim in the discoursemgy.

As shown in Figure 1, an object may optionally bsigned a type (e.@ata, Language, Theoyy
stored as part of the link connecting it. By stgrihe node type in the link, rather than binding it
intrinsically to the node, the typing of nodes iada context dependent: objects may play differ@etin
different contexts, since researchers may disagmndhe node’s type: e.g. is thiasnguagealso aTheory?

Is this based o@pinionor Data? One person’s underlyincheorymay be someone elsé€soblem.

In addition to atomic nodes, two kinds of compositgect can be used as the nodes in Claims. A
Setis a group of objects (atomic nodes, Sets or Cladaslared by the user to share a common theme and
enabling them to be referenced by a single namdd (@gConstructivist Theories of LearnipgClaim
triplesthemselves can also be linked from or to other atommdes, Sets or Claims. This nesting allows
users to build complex conceptual and argumenttstres.

To illustrate claim triples, consider the following

[Decision Forest Classifie(lises/applies/is enabled Hecision tree learning]

This uses one of the General relatiosss/applies/is enabled tiyassert that thBecision Forest
classifierstudied in the paper uses, applies or is enaljedvieell known method)ecision tree learning
The latter node was introduced in a different doentnso this link has a contextual role: it locates

paper near similar claims.
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[Decision Forest classifier improves on C4.5 andNkNis inconsistent with)
[SVM and kNN outperform other classifiers]

This claim uses the negative, Supports/Challenglationis inconsistent witho link one of the
experimental results of this paper to a resulttii@ paper. In addition to its contextual rolecating the
claim near other comparisons of classifiers, thagthas a rhetorical role: it contrasts piecesvflence
that make contradictory assertions.

The priority of the system in supporting multiplerppectives means that it does not add the kinds
of constraints that would be expected when onesaégly assume a single worldview. One researchgr ma
think that X is an example of Y, but a peer mayuarthe opposite. This is the substance of research
discourse, but limits the scope for automated me&ago However, we are focusing on the argumentation
level primarily, with the domain model emergingaasecondary product; other modelling efforts could
focus on fields where there is consensus (or wheeconsistent views are modelled), and buildeich

more constrained representations that can suppoespondingly more advanced reasoning.

3.2 Link semantics
A link between two nodes is typed with a natural langlagel from a discipline-specifidialect which in

turn is a member of a generic, discipline-indepetdiass(e.g.Problem-related; Taxonomic; Cau$allhe
structure of the current discourse scheme is stemlvamatically in Figure 2. Our goal is to providgieen
research community with a dialect that will covee most common claims that they make (there maly wel
be exceptional kinds of contributions that fallsidée the expressiveness of the vocabulary, buje¢heric

Other Linkis available for those situations).
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Link types
A
Problem Supports/
Related Challenges
A 4 y h 4 r
Causal Similarity General Taxonomic
y A
addresses Rroyes
solves Fert¢9
is evidence for
is evidence against
I agrees with
A4

disagrees with

predicts is identical to is consistent with
envisages is similar to is inconsistent with
causes Is different to
Is capable of causing 15 the opposite of
is prereguisite for shares issues with
prevents has nothing to do with
is unlikely to affect is analogous to
is not analogous to

¥y y

is about part of
usesfappliesiis enabled by example of
improves on subclass of
impairs not part of
other link not example of
not subclass of

Figure 2: Class structure of the scholarly disceunstology

Defining relations in terms of class and dialecamsethe same classes can be employed by
research communities who speak different “dialeas’even different languages: one can change the
dialect labels of the relations, without changihg tinderlying relational classes. Looking at the
Supports/Challengedass refutesis clearly a stronger term thainconsistent withAuthors would be
careful in their usage, particularly of strongdatiens, but clearly they also both express théonatf a
negative relationship between two nodes. We thezefdd the explicit notions of polarity and weight
(Table 1) which are predefined and used by theesysbut end-users are not asked to provide these.
Combiningclasses, dialects, polarigndweightmeans we can reason at a higher level of granythdn
individual relations, in delivering services by \Wimg with relations which share combinations ofse

properties (Section 5).

Buckingham Shum, et al. Modelling Naturalistic Argentation in Research Literatures



Relation Class Dialect label Polarity/ Weigh
General is about +/1
uses/applies/is enabled +/1
by
improves on +/2
impairs -2
other link +/1
Problem Related addresses +/1
solves +2
Supports/ Challengeq proves +/2
refutes -2
is evidence for +/1
is evidence against -1
agrees with +/1
disagrees with -1
is consistent with +/1
is inconsistent with -1
Causal predicts +/1
envisages +/1
causes +/2
is capable of causing +/1
is prerequisite for +/1
prevents -2
is unlikely to affect -1
Similarity is identical to +2
is similar to +/1
is different to -1
is the opposite of -2
shares issues with +/1
has nothing to do with -1
is analogous to +/1
is not analogous to -1
Taxonomic part of +/1
example of +/1
subclass of +/1
not part of -1
not example of —/1
not subclass of -1

Table 1. The discourse ontology with polarity and weigbtin

Elsewhere we have described the iteration fronfitbeto the current version of the ontology
(Buckingham Shunet al, 2002). The relational classes were originallyast from a data-driven
approach of modelling naturalistic argumentatiomvasound it in a range of research domains, irolgd
computer supported collaborative work, text catiegdion, literary criticism, genetics, philosophfy o
computing, applied ethics of technology, and fimdry. Relations common to several domains were

identified which we could classify in the classhewn above: Supports/Challenges, Problem Related,
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Taxonomic, Causality, Similarity, and General. hateven with this bottom-up approach was a theaaktic
strand of work, which we found enabled us to cuiéigind validate the classes we had derived. Cogniti
Coherence Relations theory (described next) prevédgrounding for the relational classes, and doese
relations in pairs of opposites, suchpasvesandrefutes where one has positive and the other negative

implications.

3.3 Theoretical basis of the discourse ontology relatits
The discourse ontology evolved through a combimatitheoretical and data-driven processes. The

theory-driven approach derived from psycholingastnd computational research on Cognitive Coherenc
Relations (CCR), combined with a semiotic perspeatin representation which emphasises the
interpretive act of modelling (Mancini and Buckirsgh Shum, 2001; Mancini, 2003).

According to CCR theory, discourse coherence isgamitive phenomenon that goes beyond any
linguistic expression. It depends on the interpig@bility to create a coherent cognitive repréaton of
the discourse content, by establishing coheremextions between its parts. The categories of diseo
connectivity are expressed in natural languageplegific indicators, but these are evidence of theper
cognitive processes that natural language is opéichio express (Sanders and Noordman, 2000).

Comprehensive sets of parameters have been proffeaederset al, 1993; Louwerse, 2001),
defining a space of relational primitives by whiefo discourse units can be related. The basicioekare
additivenesstemporality(sequentiality) andausality Each of these is then parameterised: additiveness
can be conjunctive or comparative (similarity); sality can be actual or hypothetical (conditiondjiboth
causal and additive relations can be semantic ¢algse-effect) or pragmatic (e.g. argument-clathgy
can have positive or negative polarity (e.g. siritjar contrast); the order of the related unas be
forward (e.g. cause-effect), backward (e.g. eftextse) or bi-directional (e.g. list). Table 2 sumises this

scheme.
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Source of . Directio- Hypothe- Compara- . .
coherence Type | Polarity nality ticality tiveness Relations Connectives
actual consequence-cause B, since A
backward - 4 — -
. hypothetical consequence-condition B, if A
positive
actual cause-consequence A, hence B
forward
hypothetical condition-consequence if A, then B
causal - -
actual conseguence-contrastive caugse C, despite A
backward
) hypothetical consequence-contrasting conditiorC, even if A
negative
actual contrastive cause-consequence despite A, C
forward
hypothetical contrastive condition-consequencesven if A, C
backward backward sequence A before B
semantic positive forward sequence B after A
bi- . . .
temporal L
p directional simultaneity A while B
. backward backward negative sequence A until B
negative
forward negative sequence until A, B
forward conjunctive conjunction, list Aand B
positive bi- . T .
directional comparative similarity Alike B
additive - - "
forward conjunctive opposition AbutB
negative bi- conjunctive alternative AorB
directional comparative contrast, exception A unlike B
. backward actual claim-argument B, because/A
positive
forward actual argument-claim because A, B
causal - -
. ) backward actual contrastive claim-argument B, aigfioA
pragmatig negative
forward actual contrastive argument-claim although A, B
. positive forward conjunctive enumeration, elabanati A, moreover B
additive
negative forward conjunctive concession A, however B

Table 2: Parametrical description of the main refet accounted for in CCR theory (Sandetsl, 1993;

Louwerse, 2001).

Grounding discourse relationships in a cognitiveotly of coherence affords a number of

interesting properties for building a system desjto support naturalistic argumentation. Firstlg,have

used the CCR typology as a tool to verify thatrtteen relationships are represented in the taxonomy

(Mancini and Buckingham Shum, 2001). Secondlyréugds the discourse ontology in a set of relations

which Sanderst al’s experimental evidence substantiates as havipchpgogical reality. In principle this

gives the taxonomy stability and applicability e&&saifferent disciplines, media and discourse typed

empirically, we have indeed modelled a wide var@tgomains (see previous section).
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Thirdly, CCR makes it possible for the discourdatiens we use to be resolvable back to a small
number of relational primitives and their paramg&tend sheds light on the relationships between the
Representationally this is elegant (while alsodeting CCR’s generalisability). For instance, General
relationis-aboutcan be re-expressed as the CCR relalahoration(whose parametrical values are:
positive/pragmatic/additiveflaborationis a relation between two discourse units (atomicomposite
nodes in the data model), one of which has theriwal function of explaining, expanding, articuhat the
content of the other unit. Elaboration has a latoammon with another positive pragmatic additiatien
of comparative naturegrees-withwhose rhetorical function is reinforcing the amtexpressed in one
discourse unit by adding up more content expregsiegame perspective. The current version of our
server delivers a variety of services (see Se&)pbut does not yet have a CCR-representatioget la
implemented; CCR has served more as a theoregifszkence point and analytical validation tool ie th
system’s development. Once such a layer was impitedeif the user was to search for all the disseur
units thatagreewith node X, the system would know that all thecdisrse units that asboutnode X may
also be of interest. At present, these relatiorssbgm be ‘hard-coded’ in, but not inferred from CCR
constraints.

To summarise, thus far, our goal is to providev@giresearch community with a dialect that will
cover the most common, significant kinds of ‘claimmade in their literature (there may well be
exceptional kinds of contributions that fall outsithe expressiveness of the vocabulary, but a peQ#rer
Link is available for those situations). We propose these kinds of connections are expressed at b leve
which most researchers would not only recognistirtaleed, would naturally use when summarising part

of a literature.

4 Interfaces for constructing argument models

As a research vehicle for developing these ideaave implemented a client-server system called
ClaiMaker which enables distributed modelling oEdments in a literature, and provides a variety of
services for browsing and analysing the emergemteatual graphs. Infrastructure details are giveli,i

et al. (2002), and are not of primary concern here. Doed is on the demands placed on user interfaces
intended to support naturalistic argument modelbggion-experts, and ways to pursue the technology

deployment strategies listed above.
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As the ClaiMaker prototype has evolved and we Heamt more about the problems users

encounter with modelling, we have prototyped déferinterfaces for constructing models:

A Web-based forms interface;

A plug-in for authors to produce concepts whilsitiwg in a word processor;

An argument map sketching interface to edit andimdate claim structures;

A text annotation interface to view and edit camatkdconcepts identified in a research

article.

4.1 Form filling interface for claim-construction

The first version of ClaiMaker used forms with lsafdatures such as keyboard input, text search and

dropdown lists. Its aim was to allow the projeerteto start inputting data as quickly as possiblerder

to populate a test collection that could be usediésigning services. It took a stepwise approach t

creating claim networks: first the user had to nuate the article they were modelling, then one form

allowed her to create Concepts, another could bé ttsassemble Sets by searching for and selecting

groups of Concepts, a series of other forms allogleidns to be made by selecting pre-existing Cotscep

and joining them (see Figure 3). Capture was brakem into sub-processes which meant that the user

needed to understand the process as a whole intordecide which step to take next, and also bad t

know where in the menu system the appropriate foa® located.
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[0 [ = MyScholOnt|Documents | Browse  [Create  -/Search _ -|Discover |Help - [
K M|

aEnd Create -> Links -> My concepts with other's... Article: 9190

. Link from my concepts/sets/claims in this article
version: 2 to other's conceptsfsets/claims in this article.

T \ CONCEPTs/SETs/CLAIMs | Types (Select from list ) Delete|

_ From: J CONCEFT:IuxS genes are a new family of autoinducer production genes j |Evidence j
Password:

Choose a link; [[EERUENTER
uses/applies/is enabled by =

To: Search “- Probleni-related ' I -

addresses

Register new user solves Undate
F;:—")‘Ltﬂpsfsﬂ'ﬁ rd? Supporis/Chatlenges i pd
Logout agrees with

disagrees with

is consistent with
is evidence against
is evidence for

is inconsistent with

acknowledgements

EPSRC

current ArticleID: i i hia coli, Salmonella Authors: M.G.Surette,
Hoeament Ql‘—)Dd . new family of geries  M.B.Miller, and
i responsible for autoinducer production B.L.Bas: BaSS|F'I

Figure 3: The ClaiMaker forms interface for cregtinclaim. The bottom bar gives details of the pépe
reader is modelling. The user has already seléhtedoncept to be linked from and given it the anpi
type “Evidence”. She is currently selecting a lfrdam the drop down list of options. The next stef be

to select the search button to look for the thithponent of the Claim triple.

Although the ‘power users’ on the project teamlaédome reasonably fluent with the interface,
even they had difficulty holding a gestalt viewtlké model in their heads as they went through the
dissociated steps of building Concepts then assegithiem into Claims. It was clear that some rddica
changes were needed to make capture interfaces befiport the cognitive processes involved in

modeling.

4.2 Microsoft Word plug-in for claim-construction

One approach to tool deployment is to integrateraw tasks (in this case, argument construction and
submission) with existing tools. When one needndalel the arguments in one’s own, new papers, we
hypothesise that claim construction might be besedas one is thinking about the conceptual streaifi
one’s paper, that is, during writing, to minimise tdelay between the expression of the idea in

conventional prose, and its formalization. Asratfstep we have implemented a Microsoft Word pfug-
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(see Figure 4) which authors can launch direct frioenWord toolbar.

ClaiMaker Word Plugin x]
I discaurse Fird | From database: I Tory/Latigo Select Datsbase |
A analysis of discourse ‘ Mew Concept I Cost-benefit tradecff in collaborative systems

An approach to summarising scientific articles which is based
another usefil feature is explicit meta-discoursa in scientific t The ways in which claims cross refer are s
Argumentation support tocls to teach students may succee: el | afit tradeat in colabor atiy

[3E enables discourse centred publishing |

3E: Digital Document Discourse Environment

Digital Discourse Environment 03E Select Al |

Integrate documents, demos and discourse

Meta-discourse

Redesign work practices to emphasise discourse Clear Al
Scholarly discourse is stable x
| i

table
ms

Select Al Clear Al I i | Problem? | Cost-benefit tradeoff in collaborative systems e |
o | Contribution? | - |

o | Uses / Applies? | e |

Save(joncepm e | Improves on? I . |
Close Window | e | Contrasts / Critiques? | . |

Figure 4: ClaiMaker Word plug-in. Existing Conceptsthe web server can be searched and displayed in
the panel top left. New concepts are displayedherright and can be assigned types using the fvepts

in the lower part of the screen.

The toolbar button opens a ‘semantic annotatiamhféor authors to enter the major types of
Concepts in a paper as they write it. These casidssified in response to some prompts: Problem?
Contributions? Uses/Applies? Improves on? Contt@stgjues? These prompts foreground the most
important relational links in the ontology for surarsing an article’s contribution, in other words,
‘promoting’ them from the longer menu of relatiotgbes available in the more complex ClaiMaker ferm
interface (Figure 3), and turning them into quagidOnce the concepts have been saved (as an X)L fi
the idea is that the Concepts will then be impoitéal ClaiMaker and used as a basis for furtheintla

building.

4.3 ClaiMapper: sketching claim structures
In order to overcome the problems of holding comph®dels in memory, the team found themselves

resorting to pen and paper for sketching drafsrgiiment maps. Figure 5 shows the typical kindkefch

produced as one works out the structure of theatisee, prior to entry in ClaiMaker.

Buckingham Shum, et al. Modelling Naturalistic Argentation in Research Literatures 16



v 17164
WS

_— ﬁ‘f/ 74

A a’éﬂ with &

UeAvLT | /’ Strhins v5 |
S

757 s a;’&‘\
st o /dé,m

/ y ; FHT
i ;’{’:’f’jﬁ”ﬁ“ Moy has an T (,(.,':.,,h.,.{
7 : a%e,;v/a/% _——:/y”/[ /?4'/1,1
Con =

P
B

orfs 2.
In‘" Wi conhxF :

o} 1 s

AN pnten——

CSCW wées ™

Searlgs v
. 5fafh ack

\
N N O

[ P \U-‘f'\\"d

Figure 5: The typical kind of sketch produced as works out the structure of the literature

The use of pen and paper with a software tool@liag indicator that it is providing inadequate

cognitive support for users, and it is well estsiidid that sketching is a fundamental activity imynfrms
of creative and conceptual representation (Go&5LIhe sketching was mainly driven by a desire to
consolidate one’s own interpretation before comngtit to the knowledge base. In the terms of Geeen
(1989) Cognitive Dimensions framework, the forntifiil) interfaces led to “premature commitment”, by
requiring users to commit to a structure beforg theve been able to validate it more broadly in the
context of the overall structure. Consequentlyprcept mapping tool has been developed, called

ClaiMapper (Figure 6).

Buckingham Shum, et al. Modelling Naturalistic Argentation in Research Literatures

17



EEIaiMapper - ¥ic-Semio-240ct — 13l x|

File Edt Wiew Format Window Tools Favorites ‘Workspaces  Help
[OL: 1] €] stls]:2] 2|22

Ji e % |m @] x| EE| 5] 8

Ef][Map]: Finding Authorities and Hubs From =10l x|

© @
®
topic drift g -example of gP—=
<10050>: link analysis ranking algorithms algorithms compared by Borodin et al.
is ahout
is capable of causing is about is ahout P

3
\ preliminary set of fundamental properties
@ of link ranking algorithms
is differert to , (Lt ): prefiminars S =T
KC effect Yalgorithim favours tight Kitg ) " SALSA behaviour - algorithm mixes g Label |
authorities from different communities (@ [distance and similarity

Phenomenan

is capahle of causing

4 ) locality
) monotaonicity

is capable of causing

is capable of causing Item count: 3 Showy More |
is capahble of causing :
O,

Breadith first search

is capable of causiNg

O,

Hub Threshaold

hub averaging

©,

simplified Bayesian

s o

Figure 6: Sketching ClaiMaker compatible modelsigghe ClaiMapper tool. (1) In the circled Clairtnet
nodeTKC effecthas the type (i.e. plays the role Byenomenon(2) The Concepink analysis ranking
algorithmsis shown as being used in 9 different contexfsOf8 the right is a Set namedeliminary set of
fundamental properties of link ranking algorithmghich when opened lists three concepts which the

analyst has found.

ClaiMapper is a standalone tool, based on the Cadipef visual hypertext system (Selvin and
Buckingham Shum, 2002). Instead of filling in a nfenm for each bipartite connection, the user can
simply draw links between nodes, specifying th& type when prompted. Of particular use is the
hypertext facility whereby copying and pastingogl@ across the maps for multiple documents (whether
Concept, Set or Map) does not literally clone itha ClaiMapper’s local database, but simply create
new pointer to the node: the interface updatesitite’s display to indicate how many argument motteds

node is used in, whose names the user can dispthjump to (e.g. the Concelptk analysis ranking

2 Ccompendium: Visual hypertext concept mapping: te@w.Compendiuminstitute.org

Buckingham Shum, et al. Modelling Naturalistic Argentation in Research Literatures 18



algorithmsin Figure 6 is shown as haviSgoccurrences). Users can search the ClaiMaker rskmve
existing concepts matching a selected node in g arabcan import or simply drag and drop seards’hi
directly into ClaiMapper, creating nodes with fdiitabase metadata, ready to be reused throughatmme
to new structures.

Based on our experiences to date, ClaiMapper lm&prto be a significant advance in
supporting the cognitive demands of modelling, sgéhe ‘bigger picture’, more rapidly creating ohai
structures, and the tool can of course be usedrfalysis and note-taking without ever uploadingrtioslel
to the server. However, there are still usabilitylfems. The ClaiMaker server accepts XML exported
from ClaiMapper, and checks for duplicate nodelgbead illegal structures. Particularly for new nss¢he
checking routines threw up significant numbersrodis and warnings. Warnings included duplicate
Concepts in the database which it wished the aseonfirm were identical or to change. Some erveese
simple, e.g. misspelling of a link label. Othergevstructural, e.g. putting the whole of a modeld@aper
as an element of a claim.

It seems that, while we do not want the sketchimgrface to enforce premature structure, we do
want it to give positive assistance to the usdauitd models that are valid and can be painlesapoirted
into the ClaiMaker database. The forms interfadererd legal structures because the range of dpesat
on each form was limited to legal actions, and livi@puts such as incomplete Claims were discarded
we continue with our development of ClaiMapper,veed to tackle the question of how it can more
actively communicate to a user what a syntacticgthpd’ model ought to look like. One possibility,
described elsewhere (Buckingham Shetral. 2003), is to provide readers with claim-making péates
for stereotypical ‘genres’ of papers in a field.

We have begun to investigate active supportsdgraantimature in the context of modelling

articles in the literature, described next.

4.4 ClaimSpotter: document analysis and annotation foclaim formalization and reuse
The ClaimSpotter interface tackles the “chunkingdlgem identified by Buckingham Shum (1996) in a

cognitive analysis of the use of graphical arguraon schemes. In essence, the user is faced with
deciding what should be made into a Concept/SetfCiar linking: what granularity, how succinct or

verbose should the label and detail be, and howlghbbe categorised (if at all)? In the contekt o

Buckingham Shum, et al. Modelling Naturalistic Argentation in Research Literatures 19



modelling claims in a paper, this question cleddpends on the reader’s interpretation of the paper
therefore, the use of the original text as thedfsi semi-automatic assistance in formulatingneais not
straightforward.

ClaimSpotter is our first step towards an activerusterface with concept suggestion and
identification of potentially relevant areas in gmurce text. There are three elements:

» Identification of the areas where the author prissand defends her argument, combined with

approaches to break up the text into potential epts;

» Provision of additional services to promote collattion and reuse within a group of

readers/annotators;

« Provision of an interface to support the captuiéfegiconstruction of claims based on the

candidate concepts which the tool has extracted.

Enhancing a documentThe first step of our approach is to identify ared®re authors present
and defend their argument. Since authors havefemdeheir position and their contributions, aniie
them (through support or criticism) to the posiiaf their peers (an account of this strategy @afohnd
in the Create A Research Space Model - Swales,)19@0believe that the ability to guess the rokeyptl
by a sentence in this defence, using text anatysihiods, provides a valuable resource in the task o
interpretation, which can be seen as the task sifipning oneself with respect to the author’s dises.

We have started to tackle this problem by usingpetterns that can be consistently associated
with certain kinds of assertion to identify andezgirize statements that signal stages of the anguiRer
example, our discourse ontology has natural langlegels, which can be changed to fit the dialéth®
domain, so the simplest approach is to identifatimns where the labels appear, or synonyms asetkin
a user-editable thesaurus. This gives us an indicaf where (and how) the author defends her asggum
Another category of interest is statements abontrituitions made by the authors. These are idedtifi
using references to the document itself (e.g. iB8e@ describes...”) and references to the autfeg “We
have proposed...”). Once patterns such as thesmareined with approaches to identify potential
components of Concepts, such as noun-group ideatiiin, the system can propose a number of elements

ready to use as a part of a Claim, while still Ieguthe reader free to edit them.
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Relying on such a limited number of text patteaiiough useful, does not account for the
richness of expression one can use in defending position. In a CARS derived approach (Teufel and
Moens, 2002) the role played by a sentence (etrpducing the authors’ work, providing background
information, or supporting a cited work) is guesfed a number of annotated examples described in
terms of a much more exhaustive range of featm@&ading (among many others) sentence content and
position in the document. We have reimplementedhalsr version of that approach; details of the
different document filters can be found in Serestal. (2003).

To complement this approach, one could look ahfrrteans to enrich a document, for instance
the inclusion of hyperlinks between topically cadr@rpassages (Hearst and Plaunt, 1993) or between a
term and its definition (Blustein, 2000). Figurshows how candidate relations and some specifasare
a research paper are highlighted in the ClaimSpitterface. Serent al.(in press) report an empirical
study into how researchers annotate a research péipened the design of ClaimSpotter, and a foimeat

usability evaluation study of the interface.

ClaimSpotter 0.4.2 | Annotate - Mozilla {Build ID: 2004092716} =
> A
2 .3 &z - .
Forward Reload  Stop = m
Login History Add a document Help About
Concepts: T Patterns: @ Arg. Zones: @ }mpon.ince»m Te
1 V- = O
very limité®vays for users WParticulate their justification. S . . S
- [Bosiment LLIS also captures the context of an opinion based on the Show: Notes: I Concepts: [ Relations:
of the source. notes
-Crgl:\ll_'ll::E?dfl'S (M | Remove all
[~ Abstract I'S CCreate a relation ['SEAS [16]', 'uses /applies /is enabled bv?';;’;’lt’:a’r\;:\[ive appro... I Removean
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= = the conclusion Type Name Copy
nformation
= Analysis in emphasizes the remove I n/a :] bifferent kinds of collaborationi X EX
TRELLIS genera(e ratings for the sources jused. TRELLIS has more s
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[+ Helping Users and consensus within a group by supporting collaboration and uses/applies/is enabled by  v|japproach to v
Select Sources sharing of decision rationale [7). Some tools are also geared to n/a ~| clear left | remove | clear right n/a -
[~ Related Work capture decisions and their rationale in specific contexts, such C T B C T B
[ Conclusions as software or engineering design [21). They are ¢ d to OncEp onceap!
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Figure 7: The ClaimSpotter interface attempts thuce the “chunking” problem by helping the useufoc
on subsets of the original text. In this examgie, user has combined the candidate relationsh@), t
rhetorically-coherent areas (2) and a user-deffitted to help focus on subsets of the originalttekich
are deemed interesting. Candidate relations fodjdan be clicked on and split into claim tripl&% énd

submitted immediately to the database (6) if désire
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Promoting collaboration and reuse.The second element of our approach aims at incatipgr
and making use of the Claims encoded by felloweesdnd the Concepts they connect. Displaying the
position defended by fellow annotators as a s€laiims indicates what has been said already abeut t
document, including readings that are differergnnphasis or focus from the author’s primary nareati
and argument. Figure 8 shows the usage of a Coneepthe corpus of documents. The Claims in whtich
has been used, and the documents which it hasatadatan be accessed from there. In this way,
documents become connected through common Conepts,if they do not directly reference each other.
This provides a form of extended ‘semantic co-wtdtwhich exploits the web of structured annotatio

and extends the citations of a document.

ClaimSpotter 0.4.2 | Semantic Web [concept] - Mozilla {Build ID: 2004092716}

‘806
‘e . 2 .9

Back Forward Reload

=

Semantic Web [concept]

Author
Bertrand 0

Defined in documents:

Name Type
Semantic Web n/a X1

Import Copy in...

Note: The documents in which you have used this concept will appear with a grey blackground. The other ones will not.

Annotator Article Type
Bertrand The Semantic Web nja
@ Bertrand Trusting Information Sources One Citizen at a Time 9 n/a
Vanessa Ontology-driven Question Answering in Aqualog nja
Used in relations:
Left Concept  Left Concept Right Concept Right Concept
Author PR Type Relation s Type Details Import Copy in...
ScholOnto ) Semantic Web g XXXT [X.... XXX]....
Bertrand [Concept] Is abour [Concept] Detalls X e X )
Rerivand Semantic Web uses/applies/is Semantic services Details XX X] [X.... XXX]....
[Concept] enabled by [Concept] = LXJL.X XXX @
Kiai Semantic Web XXX] [X....] XXX]....1
Bertrand Magpie [Concept] is evidence for [Concept] Details Xl LoX LoDXXX
Semantic Web e g XXXT [X.... XXX]....
Vanessa [Concept] n/a is evidence for Agualog [Concept] n/a Details Xl LoX Lo XX

Figure 8: The user can access a History windovaféoncept which displays, for instance, the authpr
and the different uses of that Concept over thpuoof documents (3) (4). It can tepiedin the current
document with a single click, if a user decide¢XolIn a similar way, the different relations itnieh it is
used can banportedin the document being currently annotatec;apiedin order to discuss them (5).

Multiple links within the History window allow a dggk navigation within the annotation repository.
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Finally, our investigations into user interfacesdathoring conceptual representations have led us
to investigate the emerging phenomenon of weblag¢pr 'blogging’). We are considering this as a
network-centric paradigm for publishing interlinkedmmentaries which has potential applications for
research discourse. 'Semantic Bldgsld machine-processable semantics to undiffetedtisebs of
connections, which in the context of our work takee form of establishing discourse relations betw

documents and blog entries (Figure 9).

®  Semantic Blogging for Bibliography Managemetéewlett-Packard Research Labs:

http://www.hpl.hp.com/semweb/biblio
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My Dog Il - Marc Eisenstadt's Home Page Weblog at The Open University - Mozilla {Build ID: 2004(
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Tabsv X  GF) [{ Bertrand Sereno's diary | Let's... wt My Dog Il - Marc Eisenstadt's...
@ NODIE atempr or the Amty-nickndmea rreaaorat (and SImind

issues for Feedster Citations and Bloglines Citations that | had

mentioned previously), this very exercise has brought to light three

problems, so here goes:

Add Problem 1 (my original beef): The Technorati/Feedster/Bloglines
“citations’ or ‘threadorati’ are too indirect, and are inadequate
Existing relations: is about[used 0 re_nditio_ns pf th_e epb and ﬂow_of the discussion. The context of the
time], is related to[used O time] o discussion just isn't there: for instance, the ‘Threadorati’ search for
- my own entry correctly brought up your commentary, but NOT the

Source: jle/bertranddiary/7id=274 g permalink, rather the top level of your blog. ..

Rel: i< builaihg an Problem 2: The ‘contextual quoting’ tricks that are both familiar to

and trivial for email and forum users are surprisingly klutzy for blog
Dest: | =4 @ users. At the very least, copy/paste of the relevant entries loses any
i embedded hyperlinks (I had to manually re-add the ones shown
Cotmaxr ! above for Sifry and Weinberger for instance...)

Problem 3.From IE, | in fact couldn’t even do an intuitive
6 mouse-drag-copy over the relevant passage of a MoveableType

L blog - too much (irrelevant) text gets highlighted.

1 was really arguing for an intuitive “in-line expansion’ of pertinent
threads. at least at the author's discretion - of course this is a

Figure 9: The ‘semantic blogging’ interface enalttesuser to drag and drop links to create relation

triples between blogs or documeht®irected connections can be drawn between Webshayg selecting
an existing relation (1) or creating a new oneypyrig it (2). The source and destination URLs dantbe
typed (3) or dragged and dropped (4) from any wadepAn additional Context field allows one to add
note on the connection to give it more nuanced meggd). Additional functions are available to viamnd

modify existing connections.

4.5 Discussion: the interplay of user interface and regesentation design
The different interfaces that we have presented verre designed with the intention of facilitaticigim

construction, for example, by integrating it inther work activities such as reading (ClaimSpotaerd
writing (the Word plug-in). In developing thesedrfaces we have mainly tackled the usability siténe
usability formality balance but we are seeing iatlmns that improving the usability of input inteces can

affect the kinds of models that are built.

4 Semantic Blogging ProjecKnowledge Media Institute, Open University, UK:

http://kmi.open.ac.uk/projects/semanticblog
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One important formal notion is “normalisation”, ths, ensuring that there is only one entity in a
model representing a particular concept. In theoEahto approach we have never tried to enforce
normalisation. It is intended as a collaborativetesn with no “master view”, leaving open the potisyb
that if one user considers that his notion of,ifistance, “ontology” is different to an existingegrihere
should be no restriction on him creating an idetitfonamed node: competition over the definition an
ownership of terms is a natural part of researotl,reot a practice which we could or should suppress
However, we do have some mechanisms for avoidimgfemded duplication of nodes which would impair
the usability of models. ClaimSpotter detects @xishode labels and highlights them where they patu
the text of the document being analysed. UserdaiffSpotter appreciate this feature because itssave
them the work of creating new nodes which they wiisteuse, presenting the information proactivaly i
contrast to a time-consuming database search emfpaty unknown keywords. The XML upload facility
from ClaiMapper also checks for duplicates, andvedl the user to substitute an existing node ingo th
model. However, this comes after the point of ¢osatind does not provide the low cost insight into
existing models that ClaimSpotter gives. An impottadvance on these features is to identify close-
matches, work on which is underway.

Some of the interfaces guided users to make patikinds of relations. This was explicit in the
case of the Word plug-in which offered a very liaditpalette of link types to the user, forcing thtlem
concentrate on claims about problems, contributeins(see Figure 4). A similar effect was obsenwéd
the ClaimSpotter interface but caused implicitlytbg underlying approach to text chunking rathanth
explicitly by the interface itself. A key part dfa development of ClaimSpotter focused on highiight
chunks of the text where an author asserts or defear position. Pointing users at these placesaapgd
to encourage them to make more claims that useéadds” links.

One user who tried both ClaiMapper and ClaimSpatbserved that the latter led her to focus on
concepts while the former encouraged the buildingebs of relations. This seems a reasonable reorark
the basic affordances of the two systems. Claint8ptakes a text and highlights interesting chunks.
Chunks of text look like concepts, leading usematurally think of that facet of the process. émtast,
ClaiMapper provides a canvas for users to lay oatepts, offering tools to organise and link th&ime

primacy given to a physical representation of taevork may encourage users to craft an intercoedect
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model. Other users of ClaimSpotter commented tiegt tvould have liked to have such a visualisation o
the claims they were building (which has led tossduent work to generate graph structures from the
individual claims they construct using the tradigbweb form interface).

These early observations lead us to believe tleatiéisign of interfaces for creating claim
networks, and possibly argument models in generay, influence the kinds and quality of models
produced. Comparative studies are needed to analysther different interfaces bias users to produce
different styles of model. However, we have foumal tusers benefit from automatic support of the
modelling process, particularly through text analy8/hen support encourages good practice, for pl@am
by highlighting existing concepts and making ityesreuse them, users welcome this and take aagant
of the functionality. This indicates that if otHends of support were incorporated into an integfaguch as
suggesting appropriate link types for concepts péricular type, users would find this valuable
‘scaffolding’ as they sought to build rigorous,gdat models. While the formality/usability balammay be
hard to define, good interfaces which provide ugeétis support for key aspects of a representatan,
allow untrained users to push the balance towandsdlity.

We move now from user interfaces fmnstructingconceptual networks of ideas, to tools which

enable useful navigation around and interrogatictha@se structures.

5 Navigating and analysing large argument structures

In previous papers we have detailed a variety aftrapisms for delivering computational services dkier
conceptual graph of claims that is built as redeansubmit their annotation models to the ClaiMake
server (Buckingham Shuret al, 2002; 2003; Ligt al, 2002; Urenet al, 2003a; 2004). We summarise
these here to convey the end-user’s interactioqargence, as enabled by the underlying discourse
ontology, and refer the reader to the above pdpeimplementation details.

‘Discovery Services’ that users can access fatl into broad classes:

» Graph theoretic analysis of claims networks by esiph the topography of networks

« Example:Cluster Analysisdentifying dense networks of concepts suggestingherent
topic

* Semantic analysis of claims networks which explitsrelational types
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» ExamplesPerspective Analysighich generates a report of supporting or challeggi
papersiineagewhich traces the work on which the current papesctly builds, and its
conversePescendantéi.e. measures of semantic impact, including lming beyond
citations).

Although users can still access services via tiginal ClaiMapper interface (recall that this was
the first generation interface, primarily for tressearch team), we are moving towards a more abbessi
search tool called ClaimFinder, which delivers $bevices as tabs on a web page, rather than as item
embedded in a drop-down menu in ClaiMaker. Theuefage provides a simple, single-field form for
users to do keyword searching, with ‘advanced'detabs delivering encapsulated services such as
Perspective Analys@sndLineage(Figures 10a-c).

On invoking one of the above ClaimFinder servidestead of returning a list of results, the tool
generates interactive visualizations (currentlywio possible formats) of the argumentative claim
structures in which the relevant Concepts/Setst@aire embedded (Figures 11-13). These can be &dows
by selecting a node to see the underlying detwlsburce document it originates from, or to refcdé
structure by zooming, rotating or filtering the roen of links from the selected node.

The visualization tool illustrated in Figure 12islivered via a Java applet when generated in
response to a query, but it is also available ssfecontained Java application. The advantaghisfi$ that
if the user wants to save an argument map layoutfare use, the application version can be usespen
and display it, off-line if necessary. We anticg#tat this will be particularly useful when craffimap

layouts as instructional aids or ‘portal maps'sardents and research peers.

Of the interfaces presented, the ClaiMaker fobased system is available for interested partiéssto
with a variety of analysis services available teirogate claim structures. The ClaiMapper sketghin
tool is available as a standalone application guest, and is currently being integrated more fyght
with ClaiMaker. ClaimSpotter and the Word plug-ne aunning prototypes, although in a preliminary
state. Screen recordings with commentary illustifa¢etools’ interactivity more effectively than sta

screens and texuttp://claimaker.open.ac.uk
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Figure 11: ClaimFinder generates interactive vigatibns of argument structures in response toigs.ein

this rendering, a three-column tabular layout sheash Concept/Set in the search results, with ifmogm
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and outgoing links to Concepts/Sets in the left aglt columns. This example is taken from modellin

part of the test dataset released from the Proggedif the National Academy of Sciences, as paat of

domain visualization symposium (Shiffrin and Born2003).
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Figure 12: This shows a different format, making o$the TouchGraph Linkbrowser Java cladsBsis
uses a self-organizing graph algorithm to genegeaténteractive two-dimensional map, with contttols
zoom, rotate and limit how much is displayed ateoftom the currently selected node. We have added
additional controls to semantically filter the gnaground a target node, using the argumentaticslamt's
relational classes. This example is taken from riodethe Philosophy of Al literature in the Turing

debate, converting the large paper argument mapgspad by Horn (2003) into interactive Web version

Let us now consider two examples to illustrate lwombinations of relational class, dialect,
weight and polarity can be used in answering gaewigich cannot be articulated in our current digita

libraries.

®  TouchGraphwww.touchgraph.com
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5.1 Example 1:Perspective analysis
Consider a common question that many researchiexg tora literature*What arguments are there

against this paper?’Despite the centrality of such a notion, theneaseven a language in which to
articulate such a query to a library catalogueesystecause there are no indexing schemes withdalmo
of the world of scholarly discourse. There is ng/w@express the basic idea thegearchers disagredf

we can improve on this, then we have a good exaofflee argumentation taxonomy adding value over
existing retrieval methods.

How can we realise such a query? First, we aremgdlor arguments againstvhich map to the
taxonomy as negative relations of any type (reball all relations have positive polarity or negati
polarity). At a trivial levelthis papercorresponds to the currently selected docume@taiMaker’ More
substantivelythis paperefers to thelaimsthat researchers have made about the documenitficgbe
the nodes linked to it. Moreover, we can extens tbrelated nodesusing the following definitionthe
extended set of nodes linked by a positive relabtfrom the document’s immediate nades

For the given document, this discovery service dbedollowing:

» finds the nodes associated with that paper;
» extends the set of nodes by adding positively kihkedes from other papers;
* returns claims against this extended node set.

Typical results are presented in Figure 2.

! If not already in the database (e.g. we are warkvith journal publishers), one can manually edtsument metadata, or more

conveniently, upload one’s personal library of loigtaphic metadata in a standard format such asrReBib.
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Figure 13. Arguments that contrast with the nodes iesearch paper. Key: clicki®displays node

metadata® sets the node as the focus, to show incoming atgbmg relations links to the document

metadata/URLS] links to information about the node’s creator.

ClaiMaker then supports further structured browsfoginstance, having discovered that one of
the nodes related to the article is challenge@®ptmized rules outperform Naive Bayes and decisass

clicking on thegy icon sets this as the focal node of interest, $hgits immediate neighbourhood.

5.2 Example 2:Lineage analysis

A common activity in research is clarifying thedage behind an idea. Lineage is essentially arycasstt
(with its inverse, the descendant) focuses on tiemthat ideas build on each other. Where thegphave
faded over time or been confused, uncovering ureggdeor surprising lineage is of course a major
scholarly contribution. We have a more modest tmatart with in ClaiMaker: to provide a tool tackiout
from the “spaghetti” of claims, candidate strearh&leas that conceptually appear to be buildingach
other. Our lineage tool tracks back (semanticalby,in time) from a node to see how it evolved, velas
the descendants tool tracks forward from a nodeéowhat new ideas evolved from it. Since descaadan
are the inverse of lineage (and are implementets &iteral inverse) we will only discuss lineage.

So, let us consider a new quewyhere did this idea come from&xlaims network can be treated
as a graph, with nodes as vertices, and the liakgd®en nodes as edges. A path in a graph is arsezj0é

connected edges. A lineage can be conceptualisagaith in which the links suggest development or
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improvement. The problem of finding lineage in ®laker can then be formulated as a path matching
problem, a well known problem in graph theory fdrigh algorithms exist.

To provide lineage analysis as a ClaiMaker senpeth queries are constructed from link-types
using a set of primitives. For example, we candeéor paths that may be of any length, and which
contain (in any order) any of the positive linkatthave typeimilarity in either direction, or the two
general linksuses/applies/is enabled byimproves ongoing in the direction away from the target noéle
the query.

Theimproves onink type is included to reflect the notion of gress implicit in lineage, while
uses/applies/is enabled hgs a weaker implication of “building upon”. In C@&&ms these are both
positive semantic causal relations: in the firgesane phenomenon causes its own improvemengby th
other in the same way that a problem calls for ¢pginen a solution; in the second case, one phenome
is a direct cause or condition for the other tetplace.

Thesimilarity links - which constitute positive semantic compiaeaadditive relations in CCR
terms - are included because if a new node isdil@her thaimproves ora third, then the new node may
well also be an improvemer8imilarity links are acceptable in either direction becauseparative
relations are bi-directional (if Ais like B, théhis like A).

Summarising, from the CCR viewpoint, the functidtyadf lineage needs to always follow
positive relations, and they need to be eitheraaarscomparative: either they denote a step favedong
a development line, or a convergence across diffdirees. Figure 3 shows examples of acceptablespat

that could be returned by this lineage analysis.

8 A semantic web standard based on graphs iRélseurce Description Framewoskvww.w3.0rg/RDF>.
In the analysis presented here we usduhehoepath matching tool available in tiélbur RDF toolkit

<wilbur-rdf.sourceforge.net>.
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Figure 14. Examples of paths that could be retutnea lineage analysis on a target node (seeaexhé

specification of the query).

The search can be tightened by filtering the peghsned to ensure they contain thiproves on
relation, after which only the second of the pathSigure 14 would be retained. Conversely, oneredax
the conditions to broaden the search, for instatocgermit the inclusion of any Problem-relatedéir{see
Table 1), sincaddressingr solvinga known problem usuallepresents progress of some sort. One could
also include Taxonomic links, since ipart ofsome innovatioimproves oranother approach then it
implies there may be improvement overall. Note thdhese cases, the direction of the link is fundatal:
it is only problems that the new nosi@lvesthat are of interest, and even if a whole innovatsoan
improvement, there is no reason to assume thay eeet of it is also. One advantage of the path matching
approach is that it facilitates the use of diragticelements in queries.

The results of this kind of structural query caerttbe rendered in a variety of forms back to the
user. Figure 15 shows a visualization of the stmecextracted from the claims network in respopse t

lineage query about a node.
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Figure 15: The.ineageservice was conceived as a way to trace the ‘aulbl roots’ of a concept,
displayed at the top. The network is analysed dteddd to show potentially significant relatiorigbes
such asuses/applies/is enabled by, improvesamdsolves TheDescendantservice traverses the graph

in the opposite direction to show impact of a cqice

The lineage function (and its inverse, descendaatis oe thought of as providing an analytical
tool to excavate thioundationunder an idea (or conversely, an indicator oinitsac). From a
navigational perspective, they can be thought affesingfocused browsing toolén response to a
“Where am 1?” question, they give answers in terms of develogai@ontext, positioning ideas in the
literature in terms of their evolution.

To summarise, term-based information retrieval lemdocuments as isolated entities defined by
the words in them. Citations in a document givenatication of authors’ intentions in referring tther
work; we cannot even tell if a paper is referenisedause the authors support or are diametricajypsgd
to it. The examples d®erspective AnalysandLineage Analysisemonstrate how the discourse taxonomy
can make the connections between ideas in diffelectuments explicit, enabling novel and powerfalds

of query.
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6 Related work

Research related to this work can be broadly grdumte the following categories:
« research into modelling natural argumentation;
* research into Web-based annotation;
 research into concept mapping;
* research into modelling scientific discovery.

Firstly, the research community represented bysénes of workshops on Computational Models
of Natural Argument (CMNA), and this special issisean obvious source of comparative approaches.
Here we find theoretical analyses of naturally edog argumentation, and systems which support
argument modelling and reasoning in applied figlih well defined rules such as law (e.g. Prakkam
Vreeswijk, 2002). The emphasis in this field toedhais been on the scope for computational reasoning
even in the face of the informality found in nategyumentation, and we are now considering how the
lessons learnt from this artificial intelligencesearch strand can be integrated with our own itrfreure,
to add computational services when patterns cateteeted in the claims networks. However, our
philosophy of imposing minimal constraints on tlegke to which analysts structure their work planes
system at the informal end of the spectrum comptrether CMNA research. As a counterbalance,
however, we note with interest that strong crib€$ormalization in interactive systems maintaiattour
approach is still too formal (Marshall and Shipm2d03). Our efforts to negotiate the ‘formalization
tightrope’ will continue, with potential benefits be accrued both through the judicious addition of
computational services, whilst remaining acutelyaeof the dangers of over-structuring interaction.

The approach presented here shares some of th@biamsotation technologies. Ovsiannikev,
al. (1999) analyze common practices of traditionaldaaritten annotation and identify its primary usess
“to remember, to think, to clarify and to sharehely observe that the first three are predominant fo
traditional annotation which, with the exceptiorreviewing, is a largely private affair, but thaesing
becomes more important for software an-notatiotesys which facilitate collaborative annotation.
However the decisive benefit of annotation techgglover traditional annotation is searchabilityisTh
reinforces our view that developing the searchriate and services of the ClaiMaker system is eétdr

encouraging and sup-porting knowledge capture.
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The aspects of sharing and searching are promimeotlaborative Semantic Web annotation
technologies, such as Annotea, being developetlebW3C (Kahanet al.,2001). The Semantic Web
approach to annotation regards it as searchablediatst stored on web servers with Xpointers to waigi
documents, but provides no semantic for relatingpgations to documents, or to each other. Our wark
be framed as providing a relational semantics whialke it possible for large numbers of annotations
remain manageable.

The TRELLIS system is a rare example of a systemclwédds a semantic element to annotation
by linking statements drawn from web documentsgisiiset of discourse, logical and temporal
connectives (Gil and Ratnakar, 2002). TRELLIS isigeed to assist analysis of multiple documents, bu
does not consider multiple users collaborating, @&k not use the semantic relations to enable
computational services to support the analysibefdata.

Concept mapping tools for teaching sense-makingaaguaiment construction are well established.
Our ClaiMapper tool (Figure 8) and the conceptuslializations (Figures 10-12) draw inspiration artp
from this research tradition, reviewed in the cahté argument mapping by Buckingham Shum (2003).

Finally, Thagard’s (1992) work on modelling scidintrevolutions complements our work. Using
a knowledge representation scheme focused on timeptual structures behind competing theories, he
adds parameters to provide a quantitative indinaticthe ‘explanatory coherence’ of a given thegiven
the available evidence and competing theories. ditttgywork contrasts with ours in its dependencarmn
expert modeler codifying theories at a finer granty and with greater care than we can assumeauith
envisaged end-users. The target of his modellimgmsplementary in the sense that our discoursdamyo
is designed to support the collaborative constomctif claims — a form of computer-supported
collaborative work — in contrast to the modellirfgponvell-understood debate, in which it is cleartiter,
for instance, a hypothesis has been refuted. ClaéMenables peers to contest this claim, rather thlee it

for granted. As with the more formal CMNA work, teas potential for integrating the two approaches.

7 Recent and future work

In this paper, we have motivated the design of m@der-Supported Collaborative Argumentation system
for researchers to model, publish and analysentdaias a possible paradigm for scholarly publighin

which exploits the properties of conceptual netwahd the internet. We have drawn particular atterio
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the requirements implied by a system where we daassume that end-users have any training in the
underlying semiformal argument modelling ontolodgtailing our consequent approach to ontology and
interaction design. This has implications for tlenputational reasoning that the model can support
compared to other systems, but we argue that fiai@n comes at a high price for many users. Tdst-c
benefit tradeoff must deliver rapid enough benédéitshe effort of modelling arguments. We are at a
relatively early stage in the development of thisdstructure, and cannot yet claim widespread &olop
However, we contend that the environment in itsentrstate shows potential as a cognitive tool
exemplifying how we may ‘read and write’ ideas inetwork-centric paradigm.

The most recent work has been to complete formel testing. Firstly, Serenet al. (in press)
report on an evaluation study of ClaimSpotter. 8dbp an evaluation study has been conducted ihvhi
the same literature was reviewed using ClaiMappdr@aiMaker. The resulting claims network was then
studied by other researchers, using either ClaiMakd ClaimFinder, or reading a traditional literat
review article (Urenet al., submitted). One future strand of work conceser unterfaces, as we develop
our semantic weblog environment to explore the eriigs of this as a user-friendly medium for
constructing networks of commentary. Another futstrand concerns more powerful reasoning to enhance
usability either by imposing constraints on usehéclv they find productive, or by making helpful
suggestions about argument structures. One appi@éeiembed CCR more deeply in the system in order
to investigate the kinds of reasoning that it eeaplvhile another is to explore the possibilityraégrating
finer-grained approaches to argumentation modelimbeing developed by other CMNA researchers.

Finally, scholarship and research is clearly netdhly domain in which it is important to capture
contrasting interpretations, and we are intereiendvestigate the potential of this work to sugoralysts

in other domains of collective knowledge managenaentsensemaking.

8 Conclusion

If in the late 1980s, a visionary had painted anade of the explosive adoption of a global staddar
information publishing and rendering that would &ke all known internet standards, s/he would have
been treated with some scepticism, to say the.|l€hstidea of ‘normal people’ doing structured mapk

of their work in their own personal time would haa@inded dubious. However, the World Wide Web

successfully negotiated the cost/benefit trademfhiany people, who discovered the power of simple
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hypertext. We do not of course claim to be invemtime next Web, but have sought in our work torlear
from its lessons, and build on the shift in ‘netiwbteracy’ that is taking place. The internet ahd Web
were always envisaged as powerful tools for re$ems; and while communications and distributed
computation are revolutionising some aspects, tgiwwhich new knowledge is published and conteste
has remained almost untouched. We have paintedraso of scholarly publishing and debate, in which
the Web paradigm of publishing resources to whitieis can link is taken the next step, with thecijoe
needs of researchers in mind. Having developed®type environment to explore this space, we are n
beginning to generate evaluation data as the tmmeme robust and usable. There is however muca mor

to do.
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