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Introduction

Curriculum innovations in science like those sponsored by Nuffield in the UK and
the National Science Foundation in the USA in the 60s and 70s, have had little impact on
the practices of science teachers (Welch, 1979). Four decades after Joseph Schwab’s
introduction of the idea that science should be taught as an ‘enquiry into enquiry’ and
almost a century since John Dewey advocated classroom learning be a student-centered
process of enquiry, we find ourselves still struggling to bring student-centered enquiry
practices to the classroom. Witness the publication of the AAAS edited volume on inquiry
(Minstrell & Van Zee, 2000), the recent releaséngiiry and the National Science
Education Standard¢National Research Council, 2000) and the inclusion of ‘scientific
enquiry’ as a separate strand in the English and Welsh science national curriculum
(Department for Education and Employment, 1999). These three works serve as signposts
to an ideological commitment that teaching science needs to accomplish much more than
simply detailing what we know. Equally important is the need to educate our pupils and
citizens about how we know and why we believe; e.g., science as a way of knowing (Driver,
Leach, Millar, & Scott, 1996; Duschl, 1990; Millar & Osborne, 1998). The shift requires a
focus on (1) how evidence is used in science for the construction of explanations and (2)
the development of criteria used in science to evaluate the selection of evidence and the
construction of explanations. An important insight that has developed over the last 50
years, and yet not fully unrealized at the level of the classroom, is the important role
language plays in learning and in the design of effective learning environments.

The purpose of this paper is to report recent research on a particular type of language genre,
namely argumentation. Whilst the consideration of the important role language,
conversation and discussion have in science learning can be traced back 3 or 4 decades (
Scheffler, 1960; Bruner, 1964; Lansdown, Blackwood & Brandwein, 1971), it was not until
the 1980s that serious discussion of the role of language in science learning began (c.f.,
(Aikenhead, 1991; Gee, 1996; Lemke, 1990; Sutton, 1992)). More recently, the field has
turned its attention to that discourse which addresses argumentation (Driver, Newton, &
Osborne, 2000; Newton, Driver, & Osborne, 1999). The case made here is that
argumentation, i.e., the coordination of evidence and theory to support or refute an
explanatory conclusion, model or prediction (Suppe, 1998) is a critically important

epistemic task and discourse process in science. Situating argumentation as a central
element in the design of enquiry learning environments has two functions: one is as a
heuristic to engages learners in the coordination of conceptual and epistemic goals, and the
other is to make student scientific thinking and reasoning visible to enable formative
assessment by teachers. From this perspective, epistemic goals are not additional
extraneous aspects of science that are marginalized to single lessons or the periphery of the
curriculum. Rather, striving for epistemic goals like developing, evaluating and revising
scientific arguments represent an essential element of any contemporary science education.

For contemporaryscience impinges directly upon many aspects of people’s lives.
Individuals andsocietieshave tomake personal ancethical decisions about aange of
socio-scientific isges (e.g, genetic engineeringeproductive technologiedpod safety)
based onnformationavailablethroughthe pressand othemedia.Often accounts of new
developments irsciencereport equivocal findings or contested claimsEvaluating such
reports is nostraightforward requiringhe ability toassessvhether theevidence isvalid
and reliable, to distinguish correlations from cauaed,to assess the degreeaisk (Millar
& Osborne, 1998Monk & Osborne,1997). Withinthe context of a societyvhere
scientific ssuesincreasingly donmate the cultural landscapejhere scial practices are
constantlyexaminedand reformed irthe light of scientificevidenceandwhere the public
maintain an attitude of ambivalence (Giddet890) or anxietyabout sciencéBeck, 1992),
there is anurgent need toamprove thequality of young people’sunderstanding of the



nature of scientific ‘argment’. Animportanttask for scienceeducation, therefore, is to
developchildren’s abilityto understand angractice scientifically validvays of arguing,
and enabldhem torecognise not onlyhe strengths ofscientific argument, butalso its
limitations (Osborne & Young, 1998). Hence, the research discussed ipaghes,seeks to
study whether young people’s quality of ‘argument’ about scientific issues andritieat
capabilities can be enhanced in scielessons. Irdoing so, itbuilds onprevious research
into young people’s epistemologies of science (Drivat,eit996) and theonductof group
discussion in science lessons (Alexopoulou & Driver, 1997)

Previous research on argument

Over thepastfew decadegertain influential educational ggectshave all laidfoundations
for the work on argumentation in scienéessons. These projectshave pronoted
independenthinking, the importance aliscourse in education artide significance of co-
operativeand collaborativegroup work (e.g, Rudduck, 1983; Barnes, 1977Cowie and
Rudduck,1990; Solomon,1990, Ratcliffe, 1996). Inaddition to thes@rojects, abody of
relatively unintegrated research concerning argumentative discourse in science education has
begun toemerge (e.gRussell,1983; Geddis,1991; Alverman et al.,1995; Boulter and
Gilbert, 1995; Hammer,1995; Meansand Voss, 1996Mitchell, 1996; Mason, 1996;
Herrenkohl andGuerra, 1995; Herrenkohl etal., 1999). Perhapgshe most significant
contribution to thiditeraturehascomefrom Kuhn (e.g, (Kuhn, 1991)) who explored the
basic capacity of individuals to use reasoned arguridemin investigatedhe responses of
children and adultdo questionsconcerningproblematic sociailssues. Sheoncludedthat
many children and adults (especially tess well educated) arerery poor atthe co-
ordination of evidence (data) and theory (claim) that is essentialalidaargument. More
recent work byHogan and Maglienti (2001) exploring the differences between the
reasoning hility of scientists, students and non-scientistsund, likewise, that the
performance of the latter two groups were significantly inferior.

Koslowski (1996), who is critical dkuhn’s emphasis ormovariation,waslessdoubtful of
young people’s ability to reason pointing to the fact that theorydatadareboth crucial to
reasoning andnterdependent and th#&ck of knowledge ofany relevanttheory often
constrainsyoung people’s ahbily to reasoneffectively. Whilst this is animportant point,
what it suggests is thacientific rationality rquires aknowledge of scientifidheories, a
familiarity with their suprting evidenceand theopportunity to construct and/@valuate
their inter-relationship. Kuhn'’s resealisimportantbecause it highlightthe fact that, for
the overwhelmingmajority, the use of valid argment does not come naturally. The
implication that we dravirom the work ofKuhn and others is that argument is a form of
discourse that needs be appropriated byhildren andexplicitly taughtthrough suitable
instruction,task structuringand modellingJust giving studentsscientific or controversial
socio-scientific issues tdiscusswill not prove sufficient to ensurethe practice ofvalid
argument which needs to be fieredby teachersSimilar conclusionswere reached by
Hogan and Maglienti (2001:683) wiaogued that ‘studentseed toparticipateover time in
explicit discussions in the norms and criteria that underlie scientific work’

Henceour focus hadeenuponthe pedagogical practices thaipportargumentation and
foster students’ epistemological development. And, wipdseral adviceoncerninghow to
structuresuccessful discussioand argumentation can bfund in the literatue (e.qg,
(Dillon, 1994)) —only a little hasbeen situatedvithin the specific contgt of the science
classroom.

A significant prdlem confrontingthe development ofargumentation in the science
classroom is thait is fundamentally adialogic event carried out amondwo or more
individuals. Scott (1998)), in a significant new of the nature ofclassroom discourse



shows how it canbe portrayed tdie on a continuum from ‘authoritative’, which is
associated with closed questioning and IRE dialoguliatogic’ which is associatedvith
extended student contributions and uncertairtipwever,the combination of nature of the
power relationship that exssbetween sciendeacher and student atite rhetorical project
of the science teacher which setkgstablish theonsensually agreestientific world-view
with the student,means that opportunitiger dialogic discourseare minimised. Hence,
introducing argumentation willrequire ashift in the normative nature of classroom
discourse. Changewill require teacherbave to beconvinced thatirgumentation is an
essential componerfor the learning of science.ln addition, hey require arange of
pedagogical strategiglat will both initiate and supportargumentation if they are to adopt
and integrate argumentation into the classroom.

At the core ofsuchstrategies ighe requirement t@onsider notsingular explanations of
phenomena buplural accounts(Monk & Osborne,1996, Driver, Newton & Osborne,

2000). Students must, at the very legsnd time considering notly the scientific theory

but an alternativesuch aghe common lay mismception, i.e. thaall objectsfall with the

sameacceleration v the notion thaeavierthings fall faster. Such contextscan also be

sodal considerations othe application of scienceuch asthe use of animals for drug
testing, problem-based leaimg situations, or computamediatedsituationssuch as the
material developed by the WISE project (Bell & Linn, 2000), amongst others.

The evidence that exists suggests that argumentation is fostered by a context in which
student-student interaction is permitted and fostered. For instance, Kuhn, Shaw, and Felton
(Kuhn, Shaw, & Felton, 1997) in testing the hypothesis that engagement in thinking about a
topic enhances the quality of reasoning about the topic, found that dyadic interaction
significantly increased the quality of argumentative reasoning in both early adolescence and
young adults. Likewise, the work of Eichinger et al. (1991) & Herrenkohl et al. (1999)

found though that bringing scientific discourse to the classroom required the adoption of
instructional designs that serve permit students to work collaboratively in problem solving
groups. Some of the research on discourse points, too, to the importance of establishing
procedural guidelines for the students (Herrenkohl, Palincsar, DeWater, & Kawasaki;1999).
The point to make is thabth epistemologicahnd social structures in the classrooms are
important factors for designing inquiry activities that foster argumentation. Thus, whilst one
element is the need to provide students access to not a singular world-view but to plural
accounts of phenomena and the evidence that could be used in an argument, of itself, that is
not sufficient as the second element is a context which foster dialogic discourse. This we
see as requiring the use of techniques such as student presentations, small-group
discussions couple with guidelines and assistance that support the appropriation of
argumentation skills and discourse. In the work reported with this paper we have worked
initially with a group of 13 teachers to explore and develop their practice at initiating
argumentation in the classroom, and then in the second year with a subset of 6 teachers to
explore what effect such activities had on the classroom discourse and student use of
argument. In developing materials and strategies for argumentation, we have used, therefore
these elements as guiding principles which underlie the approach and design of all that we
have sought to do.

Research Objectives

We believe that promatg the practice of‘argument’ in sciencelessons requires the
development of appropriate pedagobsteategies thavffer practicalguidancefor teachers.
Furthermore, the benefit @uchguidanceneeds tde assessethroughempirical studies.
Our research was seeking, therefore to:

() identify the pedagogical strategies necessary to protfagiament’ skis in young
people in science lessons;



(i) trial the pedagogicalstrategies anddetermine the extent towhich their
implementation enhances teachers’ pedagogic practice with ‘argument’;

(i) determine the extent to which lessavsch follow thesegpedagogicaktrategiedead
to enhanced quality in pupils’ arguments.

Achieving theseobjectives,and helpingpupils tocomprehendhe argumentativeature of
science, would, webelieve, contribute to enhancing the publinderstandingof, and
engagementvith, science. For they would enhance theuwnderstanding othe role of
argument in constructing the link between data, claims and warrantstualghts’ ability to
critically assess reports about science.

Our analytic perspective upon argument

Assuming, asthe researchevidencesuggests, that a contextatifosters and develops
students’ use of argumentation can be established what can teachers learn by listening
to these conversations amw can theyfoster andimprove thequality of argument?
Essentially, how can thesespondformatively to assisttheir students andlevelop their
reasoning? How, for instance, can they identify the essential features of an argument? How
are they to judge that one argent is better than another? And hskaould they model
arguments of quality to their students? Before weaskieachers to engage thstudents

in argumentation and use tildormation theyacquirefrom the process to plan subsequent
lessons oevaluatestudentdearning, it is essential to provid®@metheoreticalguidance to
answer such questionsThus, an important compent of this researchasbeen the need
to adopt and developset of criteriato analyse botlthe contentand theform of children’s
arguments.

In our analysis of argument in thigsearch wehave chosen to focus otthe form of
argumentather than its content. This is becausédeleve thatengagingn the process of
argumentationis ana priori necessity to angxamination ofits content. Thus, helping
students taonstructelaborated argumentalbeit fallacious, will providevital insightsinto
the form and type of reasonititat underliescience andhe first stage tadeveloping their
thinking andreasoning skills. Developing their ability toevaluateand critique such
argumentss, therefore, asecondaryprocess that builds on studerggolving ability to
construct coherent links between claims, warrants and data.

In our work, desjie examining other models of argumentation (Walton, 1996), have
chosen to usehe analyticframework developed byToulmin (1958). His model of
argumentwas oneof the first to challenge thetruth’ seeking role ofargument and
consider, instead, the rhetorical element@rglimentation and theflunction. For Toulmin,
the essential elements of argument esems, datawarrants andackings. Normatively,
any argument relies on asvidential kase which consists of supportinglata whose
relationship to the claim is elaborated throughvlagrant, which inturn, may bedependent
on a set of underlyingheoreticalpresumptions or backings. Argumemtsy be hedged
with qualifications toshow the limits of their validy and are commonlyhallenged by
querying the data, warraras backings. Irpractice,argumentsare fielddependent. As in
practice, the warrants andbackings used tomake claims areshaped bythe guiding
conceptions andralues of thefield. Toulmin’s model has beenused as a basis for
characterising argumentation in scietegsonsRussell,1983)and isimplicit in a coding
system(Kuhn etal., 1997; Pontecorvo,1987) that we wildraw on. In addition, following
Pontecorvo, we have focussed on the epistepecations adopted Ispudents—that igheir
reasoning functions argtrategies. Thesare the salientognitive operations, pragced by
the speaker, which correspond to strategies which are more effégdive for constructing
vaid argument.Featureswhich we have concentrated ontherefore, in theanalysis of
argumentation irboth scientificand socio-scientificontexts, include: the extent which



studerts have madeuse of data, claimswarrantsbackings andjualifiers; andthe extent to
which they have engaged in claiming, elaborating, reinforcingpposingthe arguments of
each other.

The Research Programme

General features of the research

A group ofteachers interested in collaboratmgh us was initially establishedor some
preliminary work in the area.From thisgroup, 13were selected -our principal criteria
being the experience and confidencéhaf teachers, ake work wouldinvolve adegree of
risk on their part, drawn from schools that had a broegflyesentative sample ptipils of
average academability. The teachergwolved inthe studyincorporated a&eries ofnine
argument-bagk lessons,approximately once anonth, involving focussed discussions
relevant to the National Curriculum science dutmgfirst year. Thdirst and ninthlessons
were devoted taiscussion of &ocio-scientificissue ofwhetherzoos should beermitted
whilst the remainindessonshave beendevoted saly to discussionand argument of a
scientificnaure. Our intial work with teachers led to thehoice ofstudents in Grade 8 as
the most suitable because of the freedom from examination constraints.

Teachers were initially provided witinset of materials drawrfrom atrawl of the literature,
and ourown ideas for usewith students. Theseaimed to develogheir knowledge and
capabilitieswith scientific reasoning byexaminingevidencefor/against a theory, e.g. the
particle hypothesis, the explanation of gad night. Othenctivities havefocussed on sets
of data, their interpretation and the conclusionsdaatbe drawn frorthem. Resources for
teaching all of these lessons have also been developed by teachers.

The research has been conducted in essentially two phresesfirstyear (Sept 99 — Sept
2000), we have sought to focus on developiegskillsof the teacheand thematerials for
use in argument-based lessons. To ¢nhid, wehave videcand audio-recordethe teacher
at the beginning of year 1 and year éhd systematically analysed thesanscripts to
evaluatethe characteristics of the@pproach toargumentation, tosee if there is an
identifiable measure of thepgrogress. Wénavealsotaped andranscribed two groups in
each class tdevelop aschemdor evaluating thequality of their argumentation. During
thattime, they havealsoattended @half day meetings, held aing's CollegeLondon, to
discuss and share pedagogical strategies for teaching such lelesefgymaterialsand to
developtheir understanding obur theoretical perspective acsrgument. In thesecond
phase ofthe project(Sept 00 — Sepdl), wehave worked with aeducedsubset of 6
teachers and asking themrepeat th@rocess. Support ithis phasevas reducedo three
half day meetings across the yaad in situfeedback provideevhenever a visitvas made
for the purpose ofdata collection.In addition,anotherset of classedaught by the same
teacher, has been used as a control. The focus of our analysis in thisastagen on the
recordings and transcripts of the discussions by pupils to #eeref wasany improvement
in the quality or quantity ohrgument. Thentention of this paper, is tasummarise the
salient findings that have emergedfrom the work of the project and explore their
implications.

Developing Teacher’s Practice
Materials and Support for Argument

One of the features of this work was to try and develop materials that could be used for
supporting argumentation in the classroom. The essential precursor to initiating argument



is the generation of difference or plural theoretical interpretations. Hence, a common
framework for all the materials we have developed has taken the form of presenting
competing theories to students for examination and discussion. These have been presented
to pupils to read in small groups and then discuss. However, initiating argument also
requires a resource or evidence to enable the construction of argument. Hence, commonly,
competing theories have been accompanied by evidence which students are asked to use to
to decide whether the evidence presented supports theory 1, theory 2, both or neither — an
example of which is shown beneath.

Example 1: Competing Theories A

Theory 1: Light rays travel from our eyes onto the objects and enable us to see them.
Theory 2: Light rays are produced by a source of light and reflect off objects into odr eyes
So we can see them.

Which of the following pieces of evidence supports Theory 1, Theory 2, both or neither.
Discuss.

Light travels in straight lines

We can still see at night when there is no sun

Sunglasses are worn to protect our eyes

If there is no light we cannot see a thing

We ‘stare at’ people, ‘look daggers’ and ‘catch people’s eye’
You have to look at something to see it.

-0 T

In addition, sessionswith the teachers in thdirst year of workaimed to develop their
theoreticalunderstanding ofrgument and exploredow argument could bsupported in
the classroom throughhe use of argurant prompts. Fulle details can befound in
Osborne, Erduran, Simon & Monk (2001).

Data Sources

The data sources weverbal conversations of teachers astdidentsaudio-taped irclasses
of year 8 (age 12-13) students. In yeawd worked with 13eachers videoingvo lessons
— one at the beginning of the yeard one a yedater. Atthis stage obur work thefocus
was on argumentation in socio-scientific conté:#ence, thenain taskwithin theselessons
was an exploration of arguments for, and against, the funding of a new zoo. Each lesson had
3 sections. Athe onset, théeacherdistributed detter outlining thetask andtherewas a
whole classdiscussion orthe pros and cons of zoosThen thestudentswere put into
groups and asked to come to some consensus about whethether nodshould bebuilt.
Finally, in the lastphase ofthe lessonthe groups maderesentations angharedtheir
opinions with the rest of the class. As homework, students were typically asked letiée a
or compose a poster thabuld communicatéheir arguments.Needless to sayhere was
considerablevariation betweenteachers in thedetail of each individualteacher’s
implementation

The schools chosen for this woslere located ithe Greatet.ondonareaand ranged from
urban to suburban settings withxed ethnic groups.Threeschoolswere algirls schools,



one school was private, and 12 schools were public. Audiotape recartersired on the
teachers soasto capture theiverbal contribution tothe lesson asvell astheir interactions
with students during the group forman addition, two groupsef four pupilswere selected
and their conversations recorded.

In the second year of our work, a smaller subset of teachers were selected on the basis that
they were individuals who were, for a variety of reasons, considered to have made more
progress in their ability to facilitate and incorporate argumentation in their pedagogical
practice. As well as recording their second attempt at teaching the zoo lesson, this phase
sought to examine their ability to incorporate and use argumentation in a scientific context
and to compare the development of the experimental group with a control. Thus in addition
to the data collected from the 6 lessons exploring arguments for and against the
establishment of a new zoo at the beginning of year 2, data were collected from the same
teachers teaching the same lesson to a control group; and from the same teachers
implementing argument in a scientific context. In each of the lessons, a tape was collected
from the two teachers and two selected groups of four pupils.

In the intervening periodeachers taught minimum of 8lessons using argument in a
scientific context. Because of the contingent natureimdividual scheme®f work and
school curricula, it was impossible to expect that all teachers taught thdessoes. Thus
using ageneral set oframeworks that had beeteveloped tosupport argumentation,
teacherswrote their ownlessonmaterial to facilitateéhe use ofargumentation in that was
appropriate to the content of their curricula.

At the end of the year, another setdata was collecteftom the samegroup of 6teachers
teaching argumentation to theterventionclass in ascientific contextand in asocio-
scientific context. Again, data werecollected byaudiotaping the teacheasd videoing the

same set of four pupils, wherever possible (12 teacher tapes, 24 pupil videaddlitiom, a

set of exactly similar data was collected from the comrolp for comparison purposes (6
teacher audiotape, 12 pupil videos). In addition, field notes were collected of salient features
of the lesson and the materials used by the teachers.

Finally, a semi-structured interview was also conduaiéitthe teachers dhe beginning of
each yeato ascertain their views on argumentataord to explordheir reflections on the
zoo lesson. Thestatasought toidentify teaclers’ perceptions othe salience of teaching
argumentation tgupils andtheir understanding of itsignificance. Such interviews were
also usedas ameans of identifying anghanges that had occurreser the year. Each
interview was recorded and transcribed. The interviews inclgdestions orhow teachers
felt about their zodessonandwhat theyviewed asmportantfor studentparticipation and
learning of argumentation. No finaiterview was conductedbut agroup discussion was
held at the end of the project which was recorded and transcribed.

Analyses

All of the audiotapeswere transcribed and analysetb determine the nature of
argumentation irthe wholeclass andhe smallgroup studentdiscussionformats. The
analysis ofthe teachetranscriptssought toanswerour second question that iswhat
development had taken place in teachers’ use adirgumentation in thelassroomwhilst
the analysis of the studegtoup discussions sought amswerour third question — that is
what development had occurred in the quality of the pugldsity to argue andeason in a
scientific and socio-scientific context.

Identification of arguments
The approachtaken to theanalysis ofthe teabers’ discoursewvas touse the Toulmin
(1958) model of argumenas an analyticalframework to identify the salierfeatures of



argument in the speech. This requiredaiended process of definiagd elaborating how
this framework should be interpreted arsgtd. The followingection illustrate®ur method
of coding thetranscriptsusing TAP as aguiding framework. Inthe case of the following
example:

‘Zoos are horrible, | am totally against zoos’

our focus would be on the substantalaim. Inthis casethe difficulty lies in the facthat
both can be considered to be claims i.e.

‘Zoos are horrible’ and ‘I am totally against zoos’

The question forthe analysis hen becomesvhich of these isthe substantivelaim and
which is a subidiary claim. Our generalview is thatthere isinevitably aprocess of
interpretation to be made and that somthaft process is reliaon listening to theéape and
hearing the force of the various statements hétart of thismight besubstantiated by
Austins’ (1976)distinction betweenlocutionary statements eneswhich have anexplicit
meaning and perlocutionary statement®nreswhich have mplicit meaning. And the
perlocutionary forcevith which these statements adestinguished is amid to resolving
which is intended as the substantive claim.

Here ourreading is that themphasidies onthe secondpart ofthe statemeribecause the
task context demands a referem@ea particularposition (for or ajainstzoos)and that this
is therefore thesubstantiveclaim. In choosing to useTAP in this manner, wehave
developed a good reliability (more than 80 %) between the coders.

As an example, we’ll consider the following case between the student and the teacher.

S I've got a con. If the animals asdways walking about ithe sameplaces they
might get angry and be dangerous.

T Right, this is an anti, is it? So, being caged may alter their behaviour.

The position represented by the student is ‘against zoos’ expressed as a claim in the phrase:
“I've got a con.” Thestudent further add® this claim by saying that'if the animals are

always walkingabout in the samplaces, theymight getangry and bedangerous.” This
elaboration, we consider as datawpport his claim.The tacher’'ssubsequentlynterprets

and justifies the choice for data by saying that “being caged may alter their behaviour.” We
regard the tezher’'scontribution aghe warrant to the gument beingonstructedSuch a
co-construction of arguments between students and teachers was typical in all the transcripts
we have studied inour propct. Thus,our approach tahe work was always to seek to
identify, througheither a carefuteading of thetranscript, oralternatively,listening to the

tape, whatconstituted theclaim. Oncethe claim was established, the nestepwas the
resolution of data, warrants and backings. Our Viere is thak necessaryequirement of

all arguments that transcend mere claims are substantiatiedeby Therefore, theext task

is the identification of what constitutes the data for the argument which is often preceded by
words suchas ‘because’”since’ or ‘as’. Thewarrant, if present, is then thphrase or
substance of the discourse which relatesl#tia to the claimFor instace, in the following
argument which is co-constructed by teacher and student:

T Yeah. Can you think of any others for?

S The zoo has like endangered species.

T  Yes, if they are becoming extinct or endangered then it becomes a way of protecting
endangered species doesn't it?



A claim is advanced that they dm zoos usinghe data that thathe zoo hasendangered
species which is substantiated by waarant that ‘if theyfanimals] are becomg extinct or
endangered, then it [the zoo] becomes a way of protecting endasgerzés.” Usinghis
approach to the analysis of argument, we \abte to achieve intaater reliabilityin excess
of 80%.

Lesson structure and features of teacher talk

Lesson structures were determined by viewing video material of each Zoo lesson and noting
the main lesson phases and time spent in whole class and small group formats. Viewing was
accompanied by a study of the transcript of the audiotape. Extracts of teacher talk focusing
on aims and organisation of argument activity or facilitation of the processes of argument
were identified and summarised for each phase of the lesson. For example talk focusing on
a lesson aim, such as the extract beneath was coded as ‘introduces aim of task, to produce
good arguments’.

‘And we aretrying to think this morning about what sorts of things wilake agood
argument. How are you going to persuadedlyisncy that yes, theoos should bepened?
You need toput forward strong arguments, or if yodon't want it, strong arguments
against the zoo.’

Such talk is an indicator of the ways in which the teachers view the nature and teaching of
argument, and how they view the learning process. In essence it provides insights into
teachers’ beliefs, practices (Fullan, 2001), value congruence and knowledge and skills
(Harland & Kinder, 1997) and how these may have changed in one year.

Interviews

Using a groundedpproach, an initiatoding schemavasdeveloped tacapture the major
themes, with reliability checks undertaken by tmwembersof the researchieam.Following
our analysesf TAP andteacher talkthese coded themesere examinedand cross-
referenced tdhe datafrom the lessons. Aparticularfocus of analysiswere comments
relevant to teachers’ actions and tallout argumentation including the waysahich they
conceptualised the teachiafjargumentthe decisions theynadeaboutteaching strategies,
and their reflections on students’ progress and performance with argumentation.

Results

Changes in the Teachers

Each teacher implement#ite sameactivity one year apanvith comparablestudents. The
lessons were similar in strucguin that thergvasan introductiongroup discussiongroup
presentations andnilly assignment of homework in either cdee both yearsTypical
transcript data on two teachers for the two years are summarigzeglires land 2.The x-
axis indicates the features of Toulmialgumentpattern (TAP) thatvereused indifferent
combinationsFor example, CD indicatethose instancewhere a claim(C) was coupled
with data (D). CDWB indicatethat therewas aclaim, datawarrantand backing as part of
one argumet presented.The y-axis illustrates the frequency of instances thauch
permutations of TAP occurred within the transcripotimerwords, wecountedthe number
of times each sort of TAP occurred in the data across both years for each teacher.

The figures seeno suggesseveraltrends.First, there was argumentatidiscourse in the

classroom across both years. In the figures we see specific examplaeshat éxtenteach
teacher’s class imvolved inthe construction ofwhich aspect of TAP. Irotherwords, we

10



can trace the nature of differgmermutations offAP in eitherteacher’s implementation of
the lesson. Secondach teacherarriesout/uses ajument in the sameay acrossthe two
years. In other words, the trends across the use of different permutatiohB afe similar
across twoyears. Thisvould suggesthat there is no common patteand that theuse of
argumentation is teacher dependent — there are no universals.

Figure 1: Sarah Year 1 vs 2

20 B Year 1
15 - B Year 2

Frequency of instances

(@D) CwW CDbw CDR CDWB CDWR
Feature of TAP

Figure 2: Matthew Year 1 vs 2
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Overall, the figures illustrate the naturepsbgression ofeachersacrosstwo years. Going

from left to right on the x-ais, there isan increasingcomplexity in theway thatTAP is
constructed, i.e.inclusion of warrants, backings, rebukigisce, the rightide of thegraphs

indicate an improvement in the natureagjuments. Likewise if theis a shift,for example,

from CD (claim-data) to CDW (claim-data-warrant) then this shift across two yeialers

as an improvement in the arguments constructed in the class format. Using this approach to
analysis forall theteachers, wlave poduced a profile ofhe discourse ofirgumentation

for all the teachers across the two years (Table 1).

Table 1. Profile of argumentation discourse for the classrooms of all the teachers
from year 1 to year 2.

CDWR, Sig
Teacher Year CD, CR Cbw, CDR CDWB CDWBR
Bunn* Year 1 48 47 5 0
Year 2 59 27 14 0 *
Drayton Year 1 41 47 10 2
Year 2 23 31 38 8 *
Evans Year 1 36 43 21 0
Year 2 43 43 14 0
Frearson® Year 1 33 9 49 9
Year 2 52 3 42 3 *
Henderson Year 1 0 82 18 0
Year 2 8 44 44 4 *
Kaufman Year 1 48 38 14 0
Year 2 25 57 16 2 *
Lecky” Year 1 20 70 10 0
Year 2 0 50 50 0 *
Manning”* Year 1 48 32 16 4
Year 2 5 85 10 0 *
Parkyn* Year 1 21 68 11 0
Year 2 28 31 41 0 *
Pearn Year 1 32 47 16 5
Year 2 38 43 19 0
Spokes Year 1 36 48 16 0
Year 2 41 41 14 4
Terry* Year 1 31 57 12 0
Year 2 46 42 12 0
Totals
Year 1 394 588 198 20
Year 2 368 497 314 21 *

*Teachers with whom we continued working in year 2 of the project.
The data show how the discourse of the classroom is dominated by arguments that contain

fewer elements of TAP and are less elaborated. The important detail, nevertheless, is that
there is a significant (p<0.01) improvement between year 1 and year 2 with more elaborated
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arguments being used by some or all of the teachers. Closer analysis shows that this
change is a result of the changes made by 8 of the twelve teachers and that for 4 teachers
there was no significant change. At the end of year 1 of this project, it was necessary to
select 6 teachers to continue for the second year- a decision which was made on the basis of
our knowledge and experience of working with these teachers as this analysis had not been
undertaken yet. Two teachers who we wished to continue working with were unable

because they had taken up new posts either within or at another school, whilst one working
with the other teacher who had shown significant change had proven to be problematic.
Hence, one of the teachers selected for the second year of the project, was a teacher who,
from this analysis, had exhibited no significant change in their practice over the course year.

Analysis of teachers’ classroom talk and interview data suggests some possible
explanations for the differences between their TAP profiles, and the variation in shift to the
right from one year to the next. The two profiles shown above are not only quite different
in terms of TAP, but also in terms of change, Sarah’s profile shows a marked shift to the
right whereas Matthew’s shows very little change from one year to the next.

A critical difference in the classroom talk of these two teachers emerging from the analysis
of their transcripts and videos of the lessons lay in the emphasis placed on counter-
argument. Sarah introduced this aspect of argumentation and encouraged it strongly.
Matthew, however, entirely omitted reference to opposition and counter-argument from his
teaching. He did not encourage students to rebut claims or produce further evidence in the
face of opposition. The absence of this feature of practice suggests a possible explanation
for the difference between the two TAP profiles. One would expect more backings and
rebuttals in arguments that are constructed to defend opposing positions, and these can be
seen to be more frequent in the argumentation of Sarah’s lessons.

Sarah’s classroom talk demonstrated more shifts in emphasis across the two years than
Matthew’s, which remained similar from one year to the next. Sarah communicated the aim
of the task in year 1 as ‘thinking of ideas’, whereas in year 2 she immediately focused on
the process of producing a good ‘strong’ argument with evidence. A second change
occurred in the way she encouraged students to focus on good argument, opposition and
counter-argument, with much more emphasis in year 2. A third change in Sarah’s practice
occurred in the way she set up the group task in year 2. She introduced role-play, where
students were to be different members of the community, and tried to encourage them to
anticipate opposing arguments:

First thing youneed to do inyour pair isdecidewhetherthat persorwill agreewith the
opening of the zoo or be against the zoo. Then whatged to do is tahink of what
that person’s main argument will ladwhat theevidencethey will have tosupporttheir
idea,you thenneed togive another arguent theymight have and the justificationthey
might have forthat. And finally, and this is quite important, youneed tothink what
someone opposing trergumentmight say. Wat their argumenivould be -the person
that’s going todisagreewith you. What might theirargumentbe? And how would you
persuade them you were right? That's very important, that last bit.

Analysis of Sarah’s interview provides further insights into her changing practice. Though
she was aware at the beginning of the project of the value of what she termed ‘saying the
opposite’, she developed this idea much more during the course of the year. In terms of
her own professional development, Sarah thought that teaching argumentation had made
her ‘a lot more conscious’ about what she was saying and what she was trying to achieve
in her teaching. She also valued argumentation for the way it provided challenge for the
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students. Her attempt at role-play in year 2 shows she was willing to take risks and try
new approaches that she thought would provide challenge, a development recognised as
indicative of teacher change (Loucks-Horsely et al, 1998).

The changes in Matthew’s talk were less dramatic, demonstrating a shift from telling
students about evidence to evoking more extended answers from the students themselves.
Matthew’s changes did not extend the processes of arguing, rather, they resulted in a more
refined pedagogy emphasising the same processes. Throughout both years Matthew had a
strong focus on the use of evidence to justify arguments, and in the second interview, the
extract beneath shows that he judged his own progress in terms of how he valued the use
evidence:

I now look much moreritically at, both in teachingandsetting homeworkfor questions
which requiremore reasoningndevidence....whereas ithe pastl might have thought -
well, that's going to be todlifficult for them... | think |appreciatethe importance of
trying to ensure that students see a difference between a statement and a reason for that.

Argumentation in the Classroom

In evaluating the group discussions for argumentation of good or better quality, our
essential position is a commitment to the development of rational and analytic thought and
discourse. In that we share with Toulmin a belief that:

A [person] demonstrates his rationality, not by a commitment to fixed ideas, stereotyped
procedures, or immutable concepts, but by the manner in which, and the occasions on
which, he changes those ideas, procedures, and concepts. (Toulmin, 1972, p. v)

Changing one’s thinking is not possible unless there are opportunities to externalise your
thinking and hold up one beliefs and their justification for inspection by others. In that
sense, we feel that one of the major achievements of our work has been to permit and
encourage deliberative and dialogical interactions between pupils. Such opportunities are
rarely a feature of school classrooms which, rather, are dominated by monological
interactions and triadic dialogue (Ogborn, 1996, Lemke, 1990). Hence, in our preliminary
analysis of the data obtained from the small groups of pupils in the second year, we sought
to see whether had been opportunities for pupils to engage in deliberative discussion of a
dialogic nature. This was done by examining the transcripts and categorising the talk into
one of four categories: teacher talk; student talk which advanced claims only; student talk
which consisted of claimsnd grounds; and student talk which was non-argumentative
which was of a procedural or off-task nature. A sample of such talk with its coding is given
beneath
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Teacher OK. Sgou aresaying hat if themoon islight | Teacher talk
the light isfire and fireneeds oxygen.All right.
That's kind of added tahe stuff......... youhave
actually talked about...... butwhat Mark was
saying about the shadow andlight, the moon
passesthrough ashape, it is inthe shadow from
the earth,and youcan’t seeit. So we know it
doesn’t give outlight. B, the moon shrinks .
Let's discussthis one. Michael.....why is the

moon..
Pupil The moon is solid and it can’t expand. Student Claim
Teacher Itcan’t expand. Whatvere you saying aboutTeacher talk
water?
Pupil It can’t expand because it hasn’t got water on jtStudent Claim with

Grounds

Counts of the number of words uttered were then made and a sample of results for one for
all the tapes analysed so far is shown in Table 2..

Table 2: Table showing percentages of group discourse of an argumentative nature

LESSON Z00 Z00 |SciencelScience|lLeisurellLeisure

Exp [Control 1 2 Centre| Centre

Exp |Control

% % % % % %
Typeoff - ims 3 3 3 4 5 2
Discourse

Grounds 25 21 14 11 16 20
Non-Argument 8 8 18 9 12 6

Teacher 64 68 65 75 67 72

The data presented in this table illustrate several features. First, previous research has
occupying 5% or less of all discourse. These data, however, show that in these lessons
argumentative discourse (claims, claims + grounds) now occupies 14% - 28% of the total
discourse which is a major shift in the normative form of authoritarian dialogue that
permeates science classrooms. The second notable feature of these data is that
argumentative discourse is significantly less for argumentation in science lessons than it is
for socio-scientific lessons suggesting that initiating argument in a scientific context is
harder and more demanding for both pupils and teachers. The data also suggest that there
is little difference in the amount of discourse between the experimental groups and the
control groups indicating that the amount of argumentative discourse is a feature of the
teachers structuring and organisation of the lesson rather than any feature of the groups.
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Assessing the quality of argumentation

In seeking toanswerour third researclobjective wehave focussed orthe discgsions
between pupils. In each class, two groups of 3 to 4 pupils were identified by the teacher and
their discussions were taped and transcribed. The transcripts were then searched to identify
genuine episodes of oppositional analysis and gi@bargument. Opposition tookmany
different forms and many arguments where co-construetegestudentsprovided data or
warrants for others’ claims. Transcrigsgroup discussions (2 groupsr teacher)were
examined to determintde number ofepisodes of exjit opposition instudentdiscourse.

In otherwords, theinstancesvhere studentswere clearly against eachther were traced.
Typically these instancewere identified through the use of wordssuch as‘but”, “I
disagree with you”, “I don’t think so” and so on. Ortbeseepisodesvere characterized

in the group format, they were-examined for theteractions amonghe students in terms

of who was opposing whornwho was elaborating owhat idea orreinforcing orrepeating

an idea. In this fashiothe patterrof interactionfor eachopposition episodevas recorded

for two groups fromeachteacher'sclassroom. Theman processesdentified in such
episodes were opposing claims by other (O), elaboration (E) or reinforcement (€iof a

with additional data, warrants, advancing clain{€) or adding qualificationgQ). Such
analysis helpso identify the features ofthe interactiorand the nature athe engagement
between the students.

The Nature of Opposition

Each oppositional episode was analysed using DARentify the principal components of
an argument being deployed by the individuals in the grtuphese epmdes, claimsvere
not always clearly stated but implied or extractadbugh questioningand the dialogue
takesseveraliterative readings toidentify its princi@l features. All episodeswere read
independently by two coders who then met to compare their analysis and resolve differences
in interpretation. Theseppositionalepisodesare characterised by diverserange of
arguments and some examples are provated to illustrate the nature otur analysis and
theresults. Theessentialissueraised bytheseepisodes ifow to define their quality.
What, for instance,makes one better thaanother? Toanswer thisquestion, wehave
developed a framework for the analysis of quality which outline beneath.

One of the features of previous research is that nearly all researchers have found the
application of the Toulmin schema problematic, as his criteria do not assist the ready
resolution of data from warrants from backings resulting in poor reliability. Yet, in our

work, we found little problem in the identification of claims or rebuttals but the distinction
between data and warrants was often hard to make as it depended on contextual information
which was either absent from the transcript or impossible to determine unambiguously from
the video. Our schema for argumentation therefore transcends this problem by looking at
argument from a framework which avoids the necessity to resolve the problems which arise
from the use of a generalised analytical framework in a context where meaning may be
indeterminate.

In establishing this framework, we have drawn two major distinctions. The first is does an
argument contain any reasons i.e. data, warrants or backing to substantiate its claim, as
transcending mere opinion and developing rational thought is reliant on the ability to justify
and defend one’s beliefs. Hence, we see the simplest arguments are those consisting of a
claim, and the next level are arguments accompanied by data or warrants followed by
arguments consisting of claims, data, warrants and rebuttals.

Episodes with rebuttals are, however, of better quality than those without. For individuals

engaged in episodes without rebuttals remain epistemically unchallenged. The reasons for
their belief are never questioned and are simply opposed by a counter claim that may be
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more or less persuasive but is not a substantive challenge to the original claim. At its worst
such arguments are reducible simply to the enunciation of contrasting belief systems. For
instance, the confrontation between a creationist and a Darwinist without any attempt to
rebut the data or the warrants of the other would have no potertlznge the ideas and
thinking of either. For the basis of their belief rests on the data and warrants they use as
justification. Only arguments which rebut these components of argument can ever
undermine the belief of another. Oppositional episodes without rebuttals, therefore, have the
potential to continue forever with no change of mind or evaluation of the quality of the
substance of an argument. Thus, arguments with rebuttals are an essential element of better
quality arguments and demonstrate a higher level capability with argumentation. This
analysis has led us to define quality in terms of a set of 5 levels of argumentation as
follows:

Table 3: Analytical Framework used in for assessing the quality of argumentation

Level 1: Level 1 argumentationonsists ofarguments thaare a simplelaim v g
counter claim or a claim v claim

Level 2: Level 2 argumentation has arguments consisting of claims with eithier
data, warrants or backings but do not contain any rebuttals.

Level 3: Level 3 argumentation has arguments with a series of claims or codinter
claims with either data, warrants or backings with the occasional welak
rebuttal.

Leveld: Level 4 argumentations shows arguments with a claim with a clearl
identifiable rebuttal. Such an argument may have several claims and
counter claims as well but this is not necessary.

~

Level 5: Level 5 argumentation displays an extended argument with more than
one rebuttal.

The following set of examples angrovided, then, tallustrate howour analysishas been
applied to the data.

Episodes without rebuttals

The first example is ahortsimple disagreement, theecond is meh more complex as it
involves one student providing a relativefyphisticated argumée whichdoes notappear to
be understood by his opposers, who argue at a different level.
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Example 1

0 Rﬁk S1: RightFor

S2: We are not for it

T First, write in then, then write things around it
S2: lamnot for it.

This episode is simply a claim faoos - ‘rightfor’ followed by a counterclaim * we are
not for it’ repeated by ‘I am not for it’, making it @axample ofweakargumentation as the
claim is unsupported and there are no rebuttals. Instead, there is simply a daumtand
assuch, there is no potentifdr the justification of belief to be examineshd, hence, no
possibility or resolution. This episod®n be summarigesimply as aclaim v counter
claim. As such itis an example of a level 1 argumentation.

Example 2

— S1. 1 don’t think they would hurt them in a professional zoo.
0 S2: But they mightscare the other anitsaby seeingsome sedated
animal being dragged off.

_S1:  Maybe stress.

(0]
S3: Not stress. Distress.

Here, what we have is a claim that professional zoos would not hurt animals which is
countered by claim that animals in zoos might be scared (claim) as they would see other
sedated animals being dragged off (data). Thus, our summary of this example is that it
consists of:

claim v counter claim + data

Moreover, despitesome embeddecbmplexity, as a example afguing wewould contend
that it is essentially weak as there isattempt at rebuttal(by either party) permitting the
justification of belief by both partie® remainunexamined. Therefore, we would consider
this to be a level 2 argumentation.

Episodes with rebuttals

Example 3

The episode beneath begins with the implicit claim that zoos are beneficial. The data for this
argument is that ‘'some animals wouldn’t be able to breed in the wild’ and thevearsaat
suppliedthat this is becaus&hey may nothave enough fod’. This claim is further
supported or elaborated by the claim that ‘the animegsl a safe plade live’ and thedata

to supportthis claim is thatotherwise‘they will be atrisk from predators’. This second

claim is weakly rebutted with megationwhich isthinly supported bythe data that thask

from predators is jushature’. However, aghe rebuttal of th@groponent'sdatadoes not
méake a clear, self-evident conection to the data supping the originalclaim, we consider
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this to be arexample ofa weakrebuttaland alevel 3 argumentation.A summary of this
argument would be that it consists of

claim (+ data + warrant ) + claim (+data) v rebuttal (+ data )

1. Some animalsvouldn’t be able tdoreed inthe wild, becausghey may nothave
e) enough food.

No, no, no, because an animal.........

Extinction.

predators.

[
E I
E I .

What are you putting?

2.
3.
4. The animalneeds aplace to live becausethey would be atrisk from other
5.
6.

A place to live, or they would be at risk from other predators.

7. They might not have enough food to eat.

O

8. But | mean, that's nature, one has to....

O

But we are for it

10. OK.

Example 4

Our fourth example is an argument taken from a scientific context where pupils have been
given alternative theories to explain the phases of the moons which are on numbered card, A,
B, C, D, which are referred to in the dialogue.

F (5/| ....... ...... Athe moonspins around, sthe part of thenoon thatgives
E out light is not always facing us. Jamal, A?

The moon doesn’t give out light.

Right, so that's why A is wrong. That's true. How do you know that?
Because the light that comes from the moon is actually from the sun.

He is saying the light that we see from the mooactsially a reflection
from the sun. How do we know that? Mark?

M Because the moon is blocked by the

Here, the first pupil advances the claim that it is explanation A appealing to a dattttnethat
moon does nogive outlight’. There is then a rebuttalippliedwith supportingdata that
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the ‘light that comes fromthe moon isactually from the sun’ and awarrant which is
unfinished.

Our summary of this argumemtould be that iconsists ofClaim (+ data) VRebuttal (+
data + warrant).

This schema of analysis enablus to makearious comparisons difie performance of the
different groups at argumentation. Whilst, dataset is notyet complete, whafollows is
offered to illustrate the methods that we intend to usmuimanalysis. Firstly Fig 3 shows
the distibution of arguments byevel for all of the oppogional episodescurrently
analysed. Intotal, we havddentified 162 ogpositional episodes from 50 groups in 25
lessons. Thus in summary there were, on averdie anore than 3 opsitional episodes
per group per lesson.

Total No of Arguments by Level

60
50
40
30
20
10

Number of Arguments

1 2 3 4 5

Level of Argument

Fig 3: Chart showing numbers of each level of argumentation achieved

This chart shows that the largest number of arguments emergindhieodatavere level 2
(35%). Encouraginglythough,51% of argumentsvere atlevel 3 orabove and, moreover,
only 12%were atlevel 1. The latteris particularlyencouraging as guggests thabnly a
small minorityof argumentdeveloped bypupils did notattempt to offe a rationale for
their claims. Level 1argumentsarealso problematic in thait is thesetypes ofargument

that arehavethe mostpotentialfor argumentatiorwhich is confrontationalreinforcing the

lay perception that of ‘argument asr’ (Cohen, 1995 jather than argument agpeocess

of collaborative brainstorming towards the establishment of ‘truth’ or better understanding.

This method ofanalysispermits a numbeof comparisons othe performance of the
groups. Firstly, it is possible tocompare the digtsution of levels achieve@crossthe by
the experimental group in tlzeo lessorand thefirst sciencelessonwith thoseachieved in
the last science lesson and the final leisure ctegsen. Table 8howssuch acomparison
for the data we currently have.
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Table 3: Levels of argumentation achieved by intervention groups,
pre and post-intervention

Argument Level Achieved
Lesson 1 2 3 4 5

Z00 & First Science Lesson

(Exp Group) 8 23 13 10 8

Leisure Centre & Second
Science Lesson 6 16 U 16 5
(Exp Group)

This analysiqfor approximatelytwo thirds ofthe datashows thathere hasbeen a shift
towards the end of the ewention to morarguments of highequality. However,this is
not a significant shift.

Likewise, table 4 shows a comparison of the levels of argument achieved in by the groups in
the discussionabout the merits ozoosand with that 10months later about whether a
leisure centre should be placed in an area of well-established wildlife.

Table 4: Levels of argumentation (socio-scientific context) achieved by 8
experimental groups in 4 lessons (4 different teachers) at the beginning (Zoo
lesson) and end of the year (Leisure Centre lesson)

Argument Level Achieved
Lesson 1 2 3 4 5
Zoo Exp 4 11 5 4 2
LC Exp 1 9 5 12 4

The difference between these tdistributions isnot significant althoughhe patterrwould
again suggest that there were more high qualgyments at the erd theintervention than
the beginning.

A similar comparisorof the levels ofargumentatiorachieved irthe initial zoo based topic
and thefirst argumentationesson inscientific contextshows nosignificant difference
althoughthere issomeindication thathigher quality argumentsare achieved inthe zoo
lessons.
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Table 5: Comparison of Levels of argumentation (socio-scientific context)
achieved by 8 experimental groups in 4 classes with the levels of argument
achieved in a scientific context )

Argument Level Achieved
Lesson 1 2 3 4 5
Zoo Exp 4 5 4 5 4
Science Lessof 2 9 3 3 0

Likewise, asimilar comparisonof the datawe currently have comparing thelevels of
argument achieved in the end of intervention lessorth@ieisurecentreand theargument
in a scientific corext also showno significant difference irthe levels ofargument. Taken
together, these data in this preliminary analwsisld suggest thgterformance at argument
may be context independent and that what matters ispip@rtunity toengage in argument
rather than the specific context of its use. Moreover, given thanitial analysis(Table 2)
suggestghat there is sigificantly lessargumentativaliscourse irscientific lessonsthese
data would indicate that the quality of argumentatiy be independent dfie quantity of
argumentative discourse.

Discussion & Conclusions

In this paper, wehave presentecour preliminary findings emerging from ouwork on
developing argumentation sthoolscienceclassrooms, its analysis atlte assessment of
its quality. Methodologically, we feel our woHasmadeprogress orseveralfronts. First
the workhas sought talevelop withteacherssets of materials that can based in a
structured and focussed manner tdlitate argumenti#on in theclassroom. As a result of
this experience, we feel that Wwavegained soménsightsinto the means ofstablishing a
context which facilitatesargumentation in thelassroom and we will battempting to
develop and disseminate such mateirathe nextphase ofour project. Second, owvork
with teachers has led to a changéhia practice of the majority dhis group leading us to
believe that, despitdhe manyobstacles and baers posed bythe demands tamplement
different andinnovative practice, it igossible forscience teachers tadapt,change and
develop their practice to one where there is a fundamental change in the natassrobm
discourse.

Third, one of the manyroblemsthat bedeNs work in this field is areliable systematic
methodology for a) identifying argument and b) assessing quality. Our adoption and use of
Toulmin has also proded uswith a method for recognizing thesalient features of
argumentation and the mponents ofvhatarecommonly termedhe ideas ofcience and
their supportg evidence. ‘Ideas’, onthe onehand,consist ofhypotheses, theories and
predictionsthat are essentiallyclaims, whilst the data, warrants, backings, rebuttals and
qualifiers are the componémand conditions ofévidence’. The use dhese features
offers teacher a richer meta-language for talking about science. More impodantigrk
using TAP, and ourfocus on theargumentationrather than thecontentof arguments
themselves has enabled the evolution of a workedoleework for the analysisf its quality

in the classroom. To dateost of thosevorking in the field havefocussed orthe content
of an argument and itegical coherenceOur preference, in contragtasbeen toexamine
the processof argumentation athis isthe foundation of rationahought and teexamine
whether that process can be facilitated and its quality assessed.
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Finally, wehaveillustrated how wecan applythis schemao sets ofdata obtainedrom
teachersmplementingargumentation in thelassroom. Agyet, whilst thesedatasets do
show evidence gbositive improvement ithe quality ofstudentargumentthis change has
not been significant. Ondbe full dataset isavailable, we will have #&uller picture of
whether the change has been significant or nototl|firwould suggesthat developing the
skill and ability to argueffectively is a long-ternprocess — somethinghich only comes
with recurrentopportunities toengage inargumentatiorthroughoutthe curriculum rather
than the limited period of 9 months of our intervention.

More significantly, we see our work not in isolation but as part of a grolonyg of work

in this area (Herrenkol®& Guerra,1995;Herrenkohl & Guerra,1998; Kelly & Crawford,

1997; Kelly, Drucker, & Chen, 1998) hat has begun toexplore the difficulties and
dilemmas ofintroducing argumenio science clasooms —work which attemp to offer

some insightsnto how practice can be developedFor if science is the epitome of
rationality and thecommitment toevidencenow permeates théliscourse ofcontemporary

life, then exposing the nature of the arguments and epistemic thinking that lies at the heart of
science is a growingmperative ofany contemporanscience education thateeks to
establish its broader cultural value and significance.
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