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The fractzon program described in this paper is characterised as an environment with resources
of knowledge and skill that are available and appropriate for classroom use.. The main goal of
‘the program is that learners might. be enabled to use a fraction environment confidently and in
appropriate ways. The program presents activities for classroom groups to develop, select and
manage fraction knowledge in purposeful tasks. It aims to encourage a learning partnershtp

“among 10- to 13-year-olds and their teachers. The intention is that knowledge and skill in
fractzons are -developed interactively and in authenttc contexts.

The project is informed by research into cogmtzon especially as it is manifested in soczal and
workplace activity. Three stages completed so far have involved (1) an investigation into.
-perceived classroom learning needs for the selected age group and their teachers, (2) the
charting of a fraction environment in. terms of relattonshtps between concepts and procedures,
and (3) the design and publtcatton of a book presentmg tasks involving fractions and
suggestions as to how the activities might be managed in classroom groups. This paper
“indicates how theoretical and empirical information gathered have been mtegrated to provide
a framework and actton plans for classroom tmplementatzon '

The pro_|ect reported in this paper addresses concerns about students’ understandrng of mathematrcal
concepts ‘and ways of thinking, and their ability .to use mathematics as a tool-in solving problems.
Traditional classroom mathematics has typically been presented (and practised) as a collection of facts
and rules to be memorised, .and exercises to be done. Alternatively, some more recent approaches have
put students into the position where they are expected to solve problems without necessanly being glven
mformed and supportive access to the necessary mathematical tools required. :
Both of these approaches present mathematics and its uses in narrowly- defmed terms.  Both are
I1m1t1ng to students’ mathematical opportunities and potential. Under~developed abilities in formulating
and. solving problems can deprive students of much of the richness of mathematical experience. -
‘Srmllarly, lack of knowledge in mathematics limits students’ access to the range of resources available
for.use in problem situations and reduces their chances to construct sophisticated mathematrcal meanings

for ideas that might be employed

THE PROJ‘ECT: CHARTING OF A FRACTION ENVIRONMENT FOR CLASSROOM
LEARNING ' , _ } -

In' this study, a physical environment provides a metaphor for a classroom program in‘a mathematical
domain (Greeno, 1991). An environment is a centre for human activity, involving purposeful and
productive use of resources that are balanced by responsibility for their maintenance and development.
In a mathematical environment learners need access to meanings and uses that enable them to participate
fully in these activities: students need to develop a comprehensrve range of approprlate knowledge and
skill.
' The task ‘of chartmg an environment involves defining parameters. for the area under- scrutrny Key
resource bases and constraints and their relationship to each other need to be identified, along with ways
‘to encourage flexible and productive use of the environment. In mathematics, due attention must be
paid to relevant concepts and the procedures commonly employed in solving related problems. Human
use .of the environment involves experiences that give texture to concepts through deployment in a
variety of situations. Thus effective skills in using mathematics provide a kéy means to enabling further
growth in the understanding and use of mathematics. = In the program designed, fractions have been .
selected as an area of mathematics.for classroom implementation of these practical considerations.
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'A FRAMEWORK FOR THE PROJECT’S ACTIVITIES

Several interrelated strands of thinking and research activity in cognition have informed the classroom
approaches being tested. A study of the relevant literature suggests that a comprehensive program for
classroom learning needs to address instructional aspects of knowledge development, ‘cognition and
leammg, and social interaction. These aspects have provided a base plan for the charting activity.

Knowledge Development Cognitive research shows that understanding and competence in complex,

thinking skills involves a critical and close relationship between reasoning processes and knowledge that
is specific to the area (Glaser, . 1984; Glaser & Chi, 1989). For example, skill in working through a
problem or complex task involves activity that is underpmned by a well-organised base of relevant
knowledge. Students’ knowledge in fractions is therefore seen as central to-fraction use in formulating
questions, communicating ideas, reasonmg about problems, justifying solutions, and so on. In regard.to
mathematics instruction, the suggestion is that the development of such fraction skills should go hand-in-
hand with the systematlc development of knowledge in fractions (Greeno, 1991).

Cognition & Learmng “The study draws on the view that leammg is situated in contexts (Rogoff &
Lave, 1984; Brown, Collins & Duguid, 1989; Collins, Brown & Newman, 1989; Greeno, 1991). The
suggestion is that social and physical contexts provide a ‘scaffolding’ for situating learners’

‘representations of knowledge. This represents a move away from the information processing view of
reasoning: as mental manipulation of symbols of objects and events. . Instead, learners’ perceptions
and reasoning processes are considered in relation to the learnmg situation, the objects in the
situation and to others who are involved in the actmty mathemat|cal meaning is developed in the

context of its use.

Mathematlcs learning in these terms ‘involves the development of abilities in fmdmg, selecting,
interpreting and using mathematical ideas in activities and situations: classroom mathematics is seen
as belonging to the world, not removed from it. Fraction learning therefore needs to be embedded in
a wide range of problems, tasks and situations that are actually found in familiar activities. In this
way, concepts developed are shaped and textured by a network of meanings that are grounded in
their use. Furthermore, learners need to have experience in interpreting everyday problems, tasks
and situations.from a mathematical point of view. This involves deciding on the concepts that are
appropriate for application, and using mathematical concepts in authentic (and increasingly
complex) problem solving tasks (Collins, Brown. & Newman, 1989). The intention is that
mathematics is presented as a dynamic, flexible tool for human use.

Social Interaction: Studies that have focused on the development of thinking skills indicate that at even
apparéntly elementary knowledge levels mental activities involve complex thinking processes
(Scardamalia & Bereiter, 1985; Resnick, 1987). From this position Resnick presents a case for
embedding’ instruction in thinking skills in the academic disciplines of the school curriculum, from the
very earliest stages onwards. Resnick furthermore advocates that classroom instruction should seek: the
development of thinking skills through socially-interactive means. She carried out a study that examined
a wide range of teaching programs designed to eencourage and transfer 'higher order' thinking,
summarised as the skills needed for complex activities requiring responsibility and judgement (Resnick,
1987). Of the programs that demonstrated some transfer of higher order skills, Resnick noted a major,
common theme: the programs saw the sogial setting and students' social interaction as central to much of
the teaching and practice. -Resnick's pragmatic view is that it is therefore useful to situate skill
-development teaching in a deliberately planned social context. The view sits well with the Vygotskian
notion that the mtemahsatton of social activity is the basis and- stimulus for growth in cognitive

competence.

CHARTING OF A FRACTION ENVIRONMENT: ' IDENTIFYING CLASSROOM NEEDS
The first stage of the project involved an investigation into- perceived classroom learning needs for the
selected age group and their teachers. This comprised observation of classroom experiences involving
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fractions, interviews with teachers, and monitoring of students’- approaches to problem solvmg in
fractions. -Relevant mathematics curricula were also reviewed. ‘Analysis of the information collected
suggested- that a classroom program in fractions might appropriately focus on: (1) learners’ thinking
about fractions in relation to fraction knowledge as used by mathematicians (to broaden limited
conceptions of fractions and to confront mlsconceptlons), (2) fundamental concepts involved in fraction
‘thinking (for example, the central notion of ‘comparison’, the distinction between a whole in terms of-
one object and a whole as a set of .objects, and an understandlng of fractions as rational number); (3)
'authentlc and commonplace uses of fractions (to give a clear message that fractions and fraction thinking
are ‘an important part of the everyday world); (4) appropriate uses .of fractions. (for example, to
encourage a recognition of when decimal fractions and/or calculators might rather be used).

CHARTING OF A FRACTION ENVIRONMENT IDENTIFYING FRACTION RESOURCES

AVAILABLE

In the secdnd stage of the project, a fractlon network was:constructed in an effort to capture the nature,

functions, and means: of representation of the resources available to learners for the development -of
fraction thinking (see figure 1). Freudenthal’s (1983) identification of fraction concepts represented. in

phenomena provided a starting point for the development of the network. In line with the learning

aspects identified in the theoretical framework, the network was constructed to reflect the interrelated use

of fraction concepts, skills and applications that is seen as critical to working effectively in the

environment. The network served as a groundwork map to gulde the charting activity.

CHARTING OF A F RACTION ENVIRONMENT: DESIGNING CLASSROOM ACTIVITIES
Humman activity is integral to a mathematical environment. Thus the charting activity needed to reflect-
_the close yet variable connections between' fraction knowledge and learners’ use of it. The outcome, a-
classroom book entitled Knowing your way around the Fraction Environment is presented as an ongoing
program for fraction learning. - Its contents feature central concepts and functions of fractions: these
range from the fracturmg (or partitioning) notion—the best understood and most frequently taught
aspect.of fractions in the classrooms observed—to fractions -as rationals, a characteristic that was not
found to be evident in learning activities or student knowledge in the classroom study. Other concepts’
and functions addressed ‘include estimation, equal sharing, describing with. fractions, operations on
fractions, equivalent fractions, ordering of fractions and fractions as decimals. .

Within the content framework presented, the book provides a folio of exemplars for the planning and
lmplementatron of classroom developmental and assessment activities. The activities are designed for a
social setting where fraction knowledge is talked about, interpreted in different ways, applied flexibly and
in different contexts, and used to formulate. and solve problems. Specifically, knowledge and skill
development are addressed through task-based approaches that seek- to engage learners’ thinking and
interest (eg, figures 2 & 3).
~ The. program throughout includes notes to teachers regarding classroom orgamsatlon and learning
approaches. The suggestions made are derived from the theoretical framework used. Tt is believed that
teachers as well as students will benefit from a learning program involving fractions. In an initial testing
of the program, teachers’ judgements of student performance in fractions are- bemg monitored and

documented
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FRACTIONS

T6€

v : fundamental ‘ :
assigning number to quantities R e .. assigning number 10 space
- ’ : . COMPARISON
FRACTURING |~ — T —  characteristic ——| RATIONAL NUMBER
Discrete form: - : Continuous form:
-objects provide - Forms g "~ 'measurement’ -
the real-world experience — - = ~ provides the real-world expenencc
, , UNITARY :
| | PROPER
: . IMPROPER —
. PART OF A WHOLE ] PART OF A WHOLE
(or whole(s) plus pan ofa wholc) _ : L » .| (or whole(s) plus part of a whole)
| e ' - Means of Representation = . 1 : |
'WHOLE'IS A SET |——————1 | | oBIECT(S) E | 1iENGTH
' ' : - : PlCTORlAL/GRAPHICAL IESSN AREA
equal sharing (eg, 3 among 4) ' SYMBOLIC , .| VOLUME
ratio (eg, 3inevery 4) - 'LANGUAGE - ' WEIGHT
S ' . . : TIME :
R — . - | ORIENTATION °
EQUIVALENCE 1 Precision TEMPERATURE
| Equivalence of comparison {7 . - | o
Change in reference quantity |. Estimation ' o ne
S T ' : RATIONAL NUMBER
PROPORTION ' _ _ | - a subset of systems of number
DECIMAL FRACTIONS |- | '
PERCENTAGES Relations/Operations .
EQUALISING . - ' ORD_ERING o ADDING/COMBINING - SUBTRACI‘ING/CHANGE - MULTIPLYING

Figvl



Four rooms (equal in area) need to be vacuumed.
a  Show how you could equally share the workload.

" between 3 people.

between 6 people.

between 6 people. -

#  Write fractions to describe how the workload for each person changes :

as the number of helpers increases.

.

) F\ve outdoor basketball courta need to be swept before the games begm.

o Show how you could equally share the workload
between 4 people

between 6 people.

3

between 10 people.

#s  Write fractions to describe how 'he work]oad for each person changes» B
~ asthe numbe: of helpers i increases. ' ﬁq 2

1 -'I_'fhis‘ léngth shows how far you swam oﬁ Sundéy

| k| | | J2s0om
Below are lengths that show how you swam on other days of the week

#  Write fractions alongside each length to compare the length you swam
that day with Sunday's swim. .

£° ‘ . ~ Monday
l - I ‘ I I '|200m

e ' Tu?sday
,él - | Jioom -

ngnesday

| | 1 L1 "~ | 300m

Thursday
i I | Jisom

> » S v » Friday
él | L1 1 fu5m

D ‘ . ) ‘ Saturday
%‘I I | | 1 | Josm

#  In these boxes, write each of these comparisons as tenths. -

Monday  Tuesday - Wednesday Thursday _Friday  Saturday '

J A N IS RN N §

Fig3.






