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This paper focuses on the growth of understandigitaratios and fractions by a group of
four pre-service teachers engaged in an on-linaviedge-building community Pirie and
Kieren’s (1994) model for the growth of mathemdticaderstanding was used as the
framework for analysing their growth in understangdi This analysis revealed that the pre-
service teachers made considerable advances inuhéérstanding of ratio and fraction
instructional representations and mathematicaltcacts embedded in ratios and fractions

In this paper, we trace the growth of understandibgut ratios and fractions by a
group of pre-service teachers participating ovgredod of three weeks in a computer-
supported collaborative learning (CSCL) knowledgdeing community (Bereiter, 2002;
Scardamalia, 2002) engaged in the design of lepkors about ratios and fractions We
had two reasons for studying prospective teachamderstanding of ratio and fractions
First was that we consider the ideas subsumed watles and fractions to be foundational
to many mathematical topics Second was that meaghers have limited understandings
of ratios and fractions (Post, Harel, Behr, & Le$8B88; Stacey, Helme, Steinle, Baturo,
Irwin, & Bana, 2001)

Most current preservice teacher education prograttempt to address preservice
teachers’ limited understandings of mathematics bgving them engage in
workshops/seminars based on constructivist priasipHowever, according to Lampert
(1988), most preservice teachers find the expegi@h@pplying constructivist frameworks
to themselves and of actively and reflectively d¢amging (or in most cases,
reconstructing) knowledge results in much uncetyaibecause they have construed their
education around assumptions that their profeskoesv “the truth” and all that the
preservice teachers needed to do was write it dstudly it, and pass a test on it to prove
they knew it (Lampert, 1988, p 165) Many pressevieachers find that the unresolved
uncertainty engendered whilst engaged in the psoads constructing mathematical
knowledge in these workshops to be a disabling remee (Floden & Buchman, 1993)
CSCL knowledge-building communities have been psepgoas a means to address these
feelings of uncertainty that hamper many presertéaehers’ construction of knowledge
(Brett, Nason, & Woodruff, 2002) In knowledge-lalilg communities, participants are
engaged in the collaborative production of concalpautefacts (e g , mathematical ideas
and models) that can be discussed, tested, companedthetically modified and so forth
and the participants see their main job as produeind improving such artefacts, not
simply the completion of tasks (Bereiter, 2002)

The educational efficacy of CSCL environments ghly dependent on the quality of
tasks (Barab, Moore, & Cunningham, 2000; Chaneye@ul Duffy, 1999) and the
cognitive scaffolds (Scardamalia & Bereiter, 19%einberger, Fischer, & Mandl, 2002)
provided to participants within the CSCL environmemherefore, in this study, much
thought went into the design of the tasks and tdumitive scaffolds

The task given to the participants in this study wadesign an initial lesson plan for
the teaching of fractions and ratios to Year 7 etiisl Proponents of Lesson Planning
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Study (e g, Stigler & Hiebert, 1999) have suggestat as teachers prepare their lesson
plans, they are influenced in particular by thewowledge and views in three areas: the
subject matter, students’ learning, and the readonsinclusion of the topic in the
curriculum Therefore, it was hypothesised thatiigthe participants engage in the lesson
planning task would provide a context to engenaemvkedge-building discourse about the
subject matter and students’ learning about ratmmksfractions

The design of the scaffolds used in this study imésmed by previous research on
scaffolding knowledge-building discourse within ASénvironments (e g , Brett, Nason
& Woodruff, 2002; Scardamalia, 2002) The followisgt of cognitive scaffolds was
inserted into Knowledge Forum to facilitate knovgeebuilding discourse: 1) Appropriate
praise, 2) How your ideas have influenced my id8agjow are your ideas like my ideas,
4) How your ideas are different from my ideas, &)e&tion (I need to understand), and 6)
Proposal (How you can improve your lesson plan)seflaon findings from previous
research with pre-service teacher computer-mediatesvledge-building communities (e
g, Brett et al , 2002), it was hypothesised that ¢ritiquing and the posing of questions
about other groups’ lesson plans facilitated by #at of cognitive scaffolds would induce
a deeper level of understanding about ratios aaatifms

Design and Method

This study used a teaching experiment methodol8¢gffe, 1991) Lesson plan study
(Stigler & Herbert, 1999) was the vehicle choserirémne the teaching experiment This
methodology was extended by having the pre-sertéeehers collaboratively design
lesson plans for the teaching of fractions andosatvithin the context of a computer-
mediated knowledge-building community (c f , Brélgson &, Woodruff 2002) The ten
participants (all Caucasian females) in the studgrewvolunteers from a cohort of
preservice teachers (N=350) enrolled in a four-yzarhelor of Education degree course at
Queensland University of Technology At an initiaéeting at the beginning of the study,
the participants were asked to form three smallkigr groups One group of four
participants (Group 1) and two groups of threeipi@dnts (Groups 2 and 3) were formed
These three self-selected groups were formed onb#mes of friendships and the
pragmatics of timetabling of the participants’ cles

This paper focuses on the growth in understandin@Gtoup 1 The four members of
this group (Karen, Tracey, Liz and Natasha) weretheir mid-30s, returning to the
university after previous career and family expecess Karen felt that she had a good
understanding of ratios and fractions Howevemnnassessment of her knowledge about
ratios and fractions conducted prior to this st(i@grenson & Nason, 2002), it was found
that her understanding was instrumental (Skemp9)18id rote in nature Tracey, Liz and
Natasha felt that they had very limited understagdof ratios and fractions Their
perceptions were confirmed in the assessment ofkhewledge about ratios and fractions
conducted prior to this study (Berenson & Naso®20

Procedure

This study proceeded in three phases: 1) Generafionitial group lesson plan, 2)
Evaluation and revision of group lesson plans, anéresentation of final group lesson
plan

Phase 1 - Generation of initial group lesson plans Each group was asked to meet
twice face-to-face and engage in the developmeranoinitial lesson plan on ratio and
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fractions for a class of Grade 7 students Thessi@@s were videotaped for later analysis
To facilitate this process, each group was providedess to a library of mathematics
education source books and curriculum materiaég;hters’ manuals and teaching journals
and to a wide variety of continuous and discretecoete teaching aids At the conclusion
of these meetings, each group was required to pedesson plan onto Knowledge
Forum® (Scardamalia & Bereiter, 1998), a computgrp®rtive collaborative learning
environment Once the lesson plan had been postiedknowledge Forum, it could be
viewed by the participants in other groups and ey tivo expert mathematics educators
who acted as mentors to the knowledge-building canity

Phase 2- Evaluation and revision of lesson plans During this phase that occurred over
a period of two weeks, each group was engaged antypes of activities: 1) reading and
constructive critiquing of other groups’ lessonndaand 2) iteratively evaluating and
revising their own lesson plans

During this phase, as well as reading the othewupmgolesson plans posted on
Knowledge Forum, the participants also were engmdato engage in constructive
critiquing of and the generation of explanatorybelating questions about the lesson plans
The process of commenting and critiquing was fedéd by the set of cognitive scaffolds
inserted in Knowledge Forum

Each group made three revisions to their lesson plhese revisions were based on
the feedback via Knowledge Forum from the partictpan other groups Revisions to the
group lesson plans occurred in face-to-face groaptimgs In these meetings, the groups
reviewed and evaluated the comments they had esté&wm the other groups, referred to
source documents such as curriculum guides, teakdand teaching guides, and then
made revisions to their lesson plan The revisedde plan was then posted onto the
Knowledge Forum shared database to enable furtieeibfick These face-to-face meetings
were videotaped to observe the process of deveajojhie content and structure for the
lesson plan

Phase 3 - Presentation of final group lesson plan At the end of Week 3 of the study,
each group was required to submit a final groupdegplan via Knowledge Forum At the
conclusion of this phase, each group of particpamgaged in a focus interview during
which they were required to reflect on what and/thad learnt

Analysis of Data

The primary focus of the analysis of data from vtd@ed observations, interviews,
Knowledge Forum notes and lesson plans was on rihetly of knowledge The model
developed by Pirie and Kieren (1994) provided ttaanework for tracing the growth of
understanding about ratios and fractions Pirie ldiglen’s model is one of actions and
interactions where growth in understanding occargugh a continual movement back and
forth between and among eight layers of understandctivities as the individual reflects
on and reconstructs current and previous knowléBgee & Martin, 2000) In this study,
we focused on the first four layers The innermlager is that of primitive knowing
consisting of all of one’s previous knowledge ardves as the reservoir from which to
build subsequent understanding Moving outward iwithe model are the image making
and image having layers Image making is the agtofi creating an internalised image, a
representation that can be used in place of songettmat may once have been in the
learner’s perceptual field The result is a stdtentage having, where the constructed
image is accessible and comparisons to it can luke mihese two layers of activities play
a prominent role in our analysis The other layeaativities used here is property noticing
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Identifying properties of the constructed imageirtes property noticing (Pirie & Kieren,
1994)

When faced with a problem at any layer that isimphediately solvable, an individual
often returns to an inner layer of understandinigs Bhift to working at an inner layer of
understanding actions is terméading back It enables the learner to make use of the
current outer layer of knowing to inform inner urgtanding acts, which in turn facilitate
further outer layer understanding Consideratiothefconcept at a more basic level may
result in thethickening of a concept That is, the construction of a thicker, more &bu
understanding of the concept that can then be ewairfrom the higher-level perspective
According to Pirie and Kieren (1994), folding baekd thickening are the primary
mechanisms that give rise to a more sophisticatdddaeper understanding of a concept

The secondary focus of the analysis of data washenfactors that influenced the
growth in mathematical knowledge Therefore, quatitie data about participation in the
on-line discourse was collected As each lesson plas posted, Knowledge Forum
tracked the number of times it was read and by hmamy people Knowledge Forum also
was used to track the number of times each feedbacknent was read and reacted to
The content of each of the comments was qualitgtiamealysed to note its contribution to
the advancement of knowledge The number of tinzeh escaffold was used was also
recorded In addition to this, the notes producachetime a scaffold was utilised were
qualitatively analysed in order to ascertain hoeytleontributed to growth in knowledge
by the recipients of the comment

Tracing Group 1's Growth in Understanding

In their initial lesson plan, Group 1 focused oa part-to-whole notion of a fraction (i
e , 3/8 means three parts out of eight equal parg)the part-to-part notion of ratio (i e ,
3:5 means 3 parts to 5 parts) Group 1's understgraf part-to-whole notion of fractions
as reflected in their selection of instructiongiresentations and the questions they utilised
with the instructional representations was at Pamel Kieren’'s image having layer of
understanding: their understanding was relatechéoimhage provided by the continuous
pizza model representation of a fraction Similatheir understanding of the part-to-part
notion of ratio was at the image having layer Heevetheir understanding of the part-to-
part notion of ratio was related to the image piledi by a discrete set model (toy monkeys
and zebras) The group failed to make conceptokhgjes between the part-to-part notion
of ratio and the part-to-whole notion of fractions

When their initial lesson plan was viewed by preee teachers from the other two
groups, most of the constructive critigue and daast focused on the instructional
representations they had chosen Based on an mnafythe Knowledge Forum on-line
discourse, the revisions made to lesson plans,datal from post-study interviews with
members of Group 1, it was found that the followihgead of Knowledge Forum on-line
discourse played a crucial role in advancing Grdip understanding of ratios and
fractions

Carolyn: [PROPOSAL] To make it easier for childienlearn, you should use your part/part
example (i e , toy monkeys and zebras) rather ttheupizza model to link the part/part ratio and the
part-whole fraction idea

Lauren: [PROPOSAL] | agree with your comment Wion't you use the monkey and the
zebra toys to model the part-part and part-whaeas@
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The on-line comments by Carolyn and Lauren progp#ie use the discrete set model
rather than the continuous pizza model providedu@rd with the catalyst to fold back
from the image having layer of understanding toithage making layer of understanding
(see continuous line in Figure 1) At the image imghayer, they were able to investigate
the part-to-whole aspects of the discrete modebtbgntifying not just only how many
monkey and zebra toys were in the set (i e , this)plut also how many toys were in the
whole set They thus were then able to remakenttagé of the part-to-whole notion of a
fraction to include not only the continuous modgsch as pizzas) but also discrete set
models (such as toy monkeys and zebras) Thugakhgif their understanding of part-to-
whole notion of a fraction being limited to justnitmuous model images (such as pizzas),
the group now also had alternative discrete madabes of fractions to complement their
discrete model image of the part-to-part ratio ertiThe generation of this extended (or
what Pirie and Martin (2000) refer to as “thickef)guhart-to-whole fraction image led the
group members’ understanding of both part-to-patrorand part-to-whole fraction notions
to progress from image having to the property mugidayer of understanding (see Figure
1) That is, the group members had extended thedenstanding to notice the
commonalities and differences in properties betwidenmathematical notions and were
now able to make conceptual links between thesdundamental mathematical notions

B part to part notion of ratio

@ part to whole notion of a fraction

Figurel Tracing Group 1's growth of understanding of fran and ratio

This growth in understanding illustrated in Fig@revas reflected in their final group
lesson plan where: (1) discrete set models (dimgbeghidna toys and unifix) were used as
instructional representations for both part-to-patio and part-to-whole fraction notions,
and (2) clear two-way linkages were made betweettpgart and part-to-whole fractions
and ratio
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Factors Influencing Growth of Knowledge

The analysis of the data revealed that the lesdannimg task and the cognitive
scaffolding both played crucial roles in the growftknowledge

Knowledge transforming discourse is central to kieolge building because it is the
means through which knowledge is formed, criticjsead amended (Scardamalia, 2002)
Therefore, it is important to have most particigaattively engage in the knowledge-
building activity of the community An analysis tfe Knowledge Forum data clearly
indicated that the lesson planning task providedctitalyst for high levels of participation
and rich discourse in the Knowledge Forum enviramim®y all participants On three
occasions, a single posting was read over 60 tiMbs occurred after each of the three
groups had posted their initial lesson plans orkthewledge Forum shared database The
number of different people reading these commelsts showed that a majority of the
community reviewed and critiqued these lesson pldite community participants read
each of the comments an average of 16 65 times

However, as well as simply being active in the megqdand posting of comments,
participants need to engage in deep-level critiguof knowledge objects being
constructed To facilitate the process of buildgngater depth of understanding within the
Knowledge Forum community, this study employed fetd$ to promote community
discourse and cognitively prompt the participantdeveloping teacher knowledge through
critiquing of the lesson plans The analysis ofdat indicates that the cognitive scaffolds
facilitated discourse leading to in-depth analysisimportant issues pertaining to the
teaching and learning of ratios and fractions PROPOSAL scaffold was used fourteen
times It was found that comments that utilised sgaffold were crucial in helping each
group of participants overcome impasses blockimgativancement of their lesson plans
(and their growth of knowledge about ratios andtfoms) The scaffold QUESTION was
utilised ten times It was found to help each grtmprganise and clarify their ideas about
fractions and ratios The scaffolds (How your idbase influenced my ideas; How your
ideas are like my ideas; and How your ideas artergilt from my ideas) were very
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effective in interconnecting ideas between thedly®ups that lead to the best ideas about
the teaching of ratios and fractions coming tofthre as the study progressed

Discussion

By the end of this study, the group of four prevess teachers had developed deeper
understandings about ratios and fractions Thisevadenced by: 1) a thickening of their
knowledge about the part-to-whole notion of a fiactat the image having layer from
being one based on the continuous pizza model in@gee that was also based on
discrete model images too, and 2) the extensidheaf understandings about the part-to-
whole notion of a fraction and the part-to-partiootof ratios beyond the image having
layer to the property noticing layer Thus, by éma&l of the study, this group of pre-service
teachers not only had richer, thickened conceptabbeut both the part-to-part notion of
ratio and the part-to-whole notion of a fractiont lalso were able to conceptually link
these two notions

The analysis of the data with respect to factoas timderlay the growth in knowledge
indicated that the Knowledge Forum discourse medidly the lesson planning task and
the set of cognitive scaffolds played a crucialerah facilitating the growth in their
understanding

Previous CSCL research (e g , Barab, Moore, & Qugitam, 2000; Chaney-Cullen &
Duffy, 1999) has highlighted the importance of pdivg participants in CSCL
communities with rich authentic tasks that encoerdigcourse The lesson planning task
provided to the participants in this study situatsel learning about ratios and fractions in a
context that was authentic and meaningful for tresgrvice teachers This enabled the
participants to relate ratios and fractions tortlosvn previous experiences and to utilise
their combined knowledge to engage in discourseutalveal-world exemplars and
instructional representations of ratios and fraxtiolronically, their limited but diverse
repertoires of knowledge about ratios and fractiomgt they brought to this lesson
planning task probably was one of the major factioas$ led to this particular task being so
successful in acting as a catalyst for the knowdelgilding discourse This is consistent
with Scardamalia’s (2002) viewpoint that diversiy ideas is an important condition
necessary (but not sufficient) for knowledge-bmidddiscourse The implications of this
for future studies involving lesson planning stud§thin CSCL knowledge-building
communities is that the topic(s) chosen for lesgwanning should be complex,
multifaceted and interrelated in nature (like rate@nd fractions) and ones in which the
participants have limited repertoires of formal Wihedge but many and diverse repertoires
of real-world exemplars

Previous CSCL research (e g , Scardamalia & Beyeli@96; Weinberger, Fischer, &
Mandl, 2002) also has highlighted the importance pobdviding effective cognitive
scaffolding within CSCL environments The finding®m this study confirm these
previous findings In this study, the scaffoldsused primarily structuring the preservice
teachers’ endeavours to construct their lessonspl&owever, Reiser (2002) contends
knowledge-building discourse could also be advarmegrovoking issues with students
where they are forced to confront key disciplinaigas in their solutions to a problem
Therefore, in future studies involving preservieadhers engaged in lesson planning tasks
within a CSCL environment, knowledge-building discse possibly could be further
enhanced by including what Reiser refers to as lpnodtising scaffolds as well as
structuring scaffolds
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