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Abstract

It is often assumed that, apart from specielised ferms, language has litile to do
with the teeching and learning of mathematics and science, A “key waord”
approach is often vsed to assist students to salve word prablems. Often, teachers
and textbook writers conselonsly simplify the wording of problems, or eliminate
as many words as possible. This paper will show that such approaches are unwise,
pedagagically. The paper will also demonstrate how sophisticated language skills
are needed if children are to develop sound problem posing and problem solving
skills. Results of research in the area will be summarised, and a framework for
discussing language factors presented. A hends-on approech will be adopted in the
presentation, with opportunities for participents to create snd solve mathematics
and science problems.



Language Factors and their Relevance in Problem Posing and Problem Selving in
Primary Mathematics and Science Classrooms

Introdaction

When children learn mathematics and science at school, thev learn it through the
medium of language. The teacher talks to the class, and the students talk to each other
ard 1o the teacher, They need to be able to understand what is said, and they need to be
able o respond both verbally and in writing, as well as in their actions, Students are also
expected o be able o read their mathematics and science textbooks, as well as to look
up information about mathematics and science in the library ar on the internet. Although
no-one would question that language is important for these tasks, it is only
comparatively recently that research has been carried out to help understand possible
relationships between language factors and mathematics and science learning,

Although it is clear that all mathematical and scientific communications make use of
ordinary language, the fact that the language we use every day is laden with
mathematical and scientific terminology is often overlooked. Consider the following
passage, taken from the first page of the website (National Parks, Malaysia, 2003).

I owawld be difficaly o overstate the attraoction of Malaysia for
anyane who appreciates the nafural world, fis primal forests.
rapEirg from skorellne madgrove o mounfainiop ook, are of the
sorl that most of Me world now fmows only in myth Although
Malavsia'y slze Is vimilar fo thar of Norway, natural trees and
Joresty cover almest three quarters of the land, an area equivalens
o almost the entire United Kingdom. One.can walk for hundreds of
miles in Malaveia under a conttrwous canopy of preen, marveling ar
an abundance of plant and animal specier equaled &y no ofher
fecation i the entire world, A single holf-kifomeive plot of land in
Borneo's lowland dipterocarp forest, for example, may well contain
more than eight hungdred different species of trees alone, a stunning
degreg of variety tha! pales, however., in comparison to the
profusion and diversity af flowers, birds, ferns, and insects.

The passage on the website is intended for a general avdience, so it contains very little
specialised language. At the same timea, the writers wanted to fit 48 much interesting
information into the leading section of the website as possible. It iz therefore worth
analysing what level of scientific and mathematical understanding would be needed to
be able to read, understand, and enjoy the passage ahove,

L. The word “primal™ implies the notions of *old”, “original”, and “belonging to a
bygone era” - in other words, originating a very long time agzo.

2. The reader is being asked to visuplise the terrain, “from shareling mangrove to
mountaintop oak.” Visualisation is o skill which cannat be taken for granted in the
solving of mathematical and sciemtific problems, or in the reading of such
passages.
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3. Two comparisons of the size of Malaysia with other countries (Norway and the
LU'nited Kingdom) are made. The reader therefore needs to have some knowledge
of the gecpraphy of the waorld, and an abilitv to be able to relate sizes on the
scaled map to the size of large land masses,

4, Fraction knowledge is important. Many people, voung and old, have a poor
understanding of fractional relationships. They may understand, for example, how
to select half of the mengos in the basker, or to share an apple equally between
four people. They may alse have used area models to learn fraction concepts by
sharing & pie equally among six people, But this statement asks the reader 1o
develop a mental picture of what it means o cover threg-quarters of the land of
Malaysia with natural trees end forests, Fractions never looked like that in schoal,

5, In Maelaysia, distances ere normally quoted in kilometres, Yet the expression “one
cann walk for bundreds of miles” has been used. To thoze of us who have lived
through decimal conversion, the "old” terminelogy used here sounds much maore
comfortable then the more technically correct statement “one can walk for
hundreds of kilametres.” The terminalogy “hundreds of miles” is a comformable
gnd familiar term in its own right, implying far into the distance. But would &
redders know that this is what the authors probably intended? Incidentally, would
repders realise that this is one cese when “hundreds of miles” probably means the
same things s “hundreds of kilometres™!

G, Reference is made to a “single, half-kilometre plot of land.” This assumes an
understanding of & collequial way of referring to a square plot of land measuring
half-g-kilomerre by half-a-kilometre, It also assumes that the reader will know that
someone didn't go inte the Borneo jungles and mark out one small plot of land.
The passape implies the use of a statistical sampling procedure which might be
usad 1o estimate the number of different populations inhabiting the forest,

7. The word “dipterceerp” is likely to be unfamiliar terminclogy to many readers,
but would have been included for scientific accuracy, and to help people know the
term in its correct usage. Another reason for its inclusion may have been in the
hope of adding a level of mystery and tha unknown to a familiar environment.

&.  Finally, the reader is meant o ecknowledge that eight hundred different species
represents & large number of species of trees — thus requiring not only  knowledpge
af the number svatem, but also some understanding of the environment around
them.

This passage serves to illustrate how predominantly simple language can incorporate
deceptively complex mathematicel end scientific congepts and conventions,

The Role of the Teacher

One of the crucial roles of a teacher 8 10 assist learners 10 acguive the formal languages
of mathematica and science, in both receptive and expressive modes. [n the receptive
muode, students nesd o be able 1o liswen, to read, 10 observe, and w interprer, bot in the
exprassive mode, they also need to be able w express themselves verbally to the teacher
and to their peers, to write out their solutions to problems and explanations of scientitic
chservations, to act out solutions to problems and to carry out field and laboratory
investigations, In shoert, they need to have the opporunity, support and skills to express
themselves in @ variery of ways, Del Campo and Clements (1990% set out the ideas
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shown in Table 1 to help teachers undarstand the imporance of including all modes of
communicatian in their classrooms,

Tahble 1.
Recepiive and Expressive Modes of Communication (from Del Campo & Clements [900,
p. 59

Language Receptive Langoags Expressive Languape
Mode iprocessing somenne ¢lse's (vour own
language )

communication)

e LT AW L TN T

Spaken listening apeaking

Written reading writing

Picterial interpreting diagrams, drawing
picTiLres

Active interpreting othars’ perfarming,
actians demanstrating

Imagined - imagining=

* Mote that 'imagining' has been included as an expressive form of
language because by imagining, one can communicate with oneself,

Students model their language and actions on the language and actions of those eround
them. Learning the languages of mathematics and science, however, does not just
involve learning the vocabulary, Words and phrases used in every-dav language often
take on o different meaning when used in the contexts of science or mathemetics
classrooms. [n addition, the genre of mathematics and science textbooks both differ
from the genre of evervday conversation,

In the section which follows, four specific language factars which affect the t2aching
and leaming of mathematics will be considerad. '

Four Specific Factors

Deep Understanding of Mathematical and Sefeniific Vacatuwlary &5 Needed

Although it mav be stating the abvious to emphasise that students need o understand
specialised terminology in mathematics and science, research suggests that such
terminelogy is not necessarily understood, sven by students who can use the particular
word or words (see, for example, Earp & Tanner, 1980; Gardner, 1974; Malone &
Millar, 1993; Nicholzon, 1979, Words that students find difficult include words such as
“contribute and “external®”, “limi" and “process” which have specialised meanings in
mathematical and scientific contexts. Students also find words |ike “diameter™ and
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“perpendicular” difficult, even though these are words more normally associated with
their mathematical meanings.

Although the results of research about vocabulary are of importance to curriculum
developers, tcachers, textbook writers, and those responsible for constructing
assesgment items, what is essential is that students develop a deep understanding of the
meaning of mathematical and scientific vocabulary. [t is not sufficient for a student to he
able to interpres words like “contrast” “vertical”, and *“function” correctly; students
need to be able to wie and apedy such words appropriately in a range of contexts, and via
different modes of communication, before it can be said that they wwalerviand theie
meaning, It is relatively simple for studants to develop an doseemenrad understanding of
vacabulary; the challenge for the teacher is to help students develop relarional
understanding (Skemp, 19746,

Semaneie Striciwe v Move Swprortand Tian Fooainia,

In a classic study by Riley, Greeno and Heller {1983), it was found that problems which
seem o jnvolve the same arithmetc numbers and operations can differ substantially in
their difficulty for children. For example, the following two word problems both give
rise to the equation 3 + 5 = 8, but the second is much harder than the first for young
children,

s Siti had 3 durian, Abdul gave her 5 mere durian, How many durian did she have
then?

2. Azri pets home from work at 3 o'clock. This is 5 hours before Java gets home
from work. What time does Jaya get home from work?

Research invelving larpe samples in Australia and Papua Mew Guinea by Lean,
Clements and Del Campa (19907, and in Africa by Adetula {[990), suggests that
semantic and syntactic stractures have an overriding and universal influence on problem
difficulty. Similarly, MacGregor (1991) asked 235 Year % students in Australia to
angwer the following three questicns, and found that the percentages correct were
34,5%, 28, 1%, and 33.2%, respectively, with over half of the total responses ta the first

of these questions containing expressions like “px 87 “Ep” and “,]fE.”

l. “The number 3+ is gight times the number ="  Write this information in
mathematical svmbols.

Z. “rand ¢ are numbers, & is & more than £ Write an equation showing the
relation berween v and £

3 “The Miger River in Africe is p metres long. The Rhine in Evrope 15 & metres

long, The Miger is three times as long as the Rhine.”  Write an equaticn that
shows how 1is related to =
(MecGregor, 1991, p. 923

MacGregor (1991, p. 98) commented that the variety and frequency of errors were
unexpected since the syntax was simple and straightforward. However, 1 believe that the
difficulty was clearly associated with semantic structure, and that mathematics educators
nesd 0 pay Tur mone allention e assisting children W oompredens’ mathematical word
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problems. Comments in mathematics teachers’ journals on such issues (see, for
example, Stiff, 1986) have too often been at o superficial level in that they have not
answered the question why many students da not sesm to be able to keep rack of
information presented in word problems. Teachers need to realise that usuallv the reason
why children do not kesp track of the information is that they are unable to cope with
the semantic structures of the questions,

Altheugh this problem associated with semantic structure permestes all of school
mathematics and science, it remains largely unrecognised by teachers and curriculum
developers, However, having said this, some professional development programs (for
example, Cogmitivedy Guided fuvtrwerron inttiated by Fennema, Carpenter & Peterson,
19897 emphasise the importance of semantic structure on problem difficulty.
Evaluations of these programs indicate that, once taachers become aware of the central
importance of semantic structure, they are able to modify their teaching practices so that
their students are able to improve dramaticelly in their comprehension of mathematics
word problams,

In mathematics and science classrooms, it is commaon for teachers o use the so-called
*key word™ approech whereby they encourage students 1o associate particular operations
with certain words. Thus, for example, comparative terms such as “more than™, heavier
than”, *longer than™ are to be asspcimted with addition, end terms such as “less than™
and “before™ are to be associated with subtraction. However, such & teaching steategy is
geriously flawed, For example, consider the problem: “My container halds 200
millilitres less than your container, 1f mv container holds 1 lirre, how much would vours
hald™ A key word approach would pive an incorrect answer., From a cultural
perspective, Harris's (1987 work mads clear that the farmal language of comparison is
very much a cultural matter, with many Australian Aboriginal groups thinking abaut
measurement of quantities in quite different ways from, say, Western cultural groups.
The semantic structures of the formal lenguage of comparative terms can vary greatly
between languages and cultures.

Nevang Linds Need to be Extabiivied Setween Sudeniv’ Pervonal Worlde on the Cie
Hand, and Formal Matkematical and Scieniific Language and Sl on the Otter,

Research by Clements and Lean (1988) and MacGregor (1991) has established that
many students simply do not understand what they are asked to do in mathsmatics
clesses becauvse the gquestions are unrelated to their personal warlds. For example,
Clements and Lean (1988) Tound thet Grade & children who could correctly find the
value of 7711 x 792 were not ahle to give an interviewer one-quarter of 12 stones. Yet,
they had no trouble sharing 12 abjects equally among four friends.

Once agein, the research literature tends to suggest that if teachers are conscious of the
need to establish links, and devise learming environments in which linking is of
parameunt importance, then their students’ comprehension of word preblems is
considerably enhanced, and their receptive and expressive performance improved
{Clements & Del Campo, 1989}, Teachers’ roles in establishing learning environments
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which facilitate such links hecome especially challenging when a range of different
cultures are present in the same classroom {see for example, Harris, 1987},

Probiess Comprehension and Problem Transformation are Major Sowrces of Srrors on
Mathematice Word Frobiems.

The major research supporting this statement has been based on what has become
known as the Newman error analvsis procedure (see Clements, 1980), which is
summarised in Figure 1. Much has been written on this procedure which has been
widely used in mathematics and science education research in Southeast Asia (see, for
example, Ellerton & Clements, 19%6; Tliminez, 1992; Mohidin, 1991; Singhatat, 1991) as
well as in Australia and Papun New Guinea (Ellerten & Clarkson, 1992).

Ghﬂrﬂmeriuticai Interaction Betwean the Question
al the Question and the Person Attempting it

QUESTION
FOoAM

- o

Figure /. The Mewman hierarchy of error causes (from Clements, 1980, p. 4).

With the Newman procedure, students who have olready attempted to solve a
mathematics word problem are asked a sequence of questions which are aimed at secing
whether they can:

Li Read the problem;

2, Comprehend what is rend;

3. Carry out a mental transformation from the words of the question to the
selection of an appropriste mathematical strategy;

d, Apply the process skills demanded by the selected strategy, and

A Encode the answer in an acceptable written form.

Newman also allowed for “careless errorst and errors due to & lack of motivation on the
part of students (see Newman, 1977, 1983},

Newman error analysis rescarch by Marinas and Clemenits (1990), Singhatat {1991}, and
Clements and Ellerton (1992), in Southeast Asia reported that about 70% of ermors made
by students on siandard word problems coold be anributed 1o a lack of comprehension
or 1o an inebility 1o select an appropriate sequence of operations (that is, in Newman’s
terms, 1o carry oul the required “Transtormation™), The strength of such data suggests
that one of the urgent agendas of mathematics education resetrch 14 1o establish wavs of
addressing this state of affairs. Above all else, Newman research points to the studanis’
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lack of a deep understanding of mathemarical vocabulary, semantic structure, and the
absence of links between the students’ formal lenguage and mathematical skills, and
their personal worlds. In other words, the Newman research procedure provides a
framework for investipating each of the major themes discussed sbove (Clements &
Ellerton, 1996). Clements (1999} argued that mathematical modelling should be present
whenever & learnar attempts to solve & real-life problem or & mathematics word
prablem. In that sense, Newman's transformation often involves mathematical
modelling. Often, this process of transformation or mathematical modelling is not
evident in mathematics ¢lassroom discourses,

An Episode in o Grade 7 Mathematics Classroom

The importance of language factors is illustrated by the following episode (discussed in
Ellerton, 1999a) fram a middle-stream Grade 7 classrcom in a regional primary school.
The Grade T class was a middle-stream group in a regional primary schoal, There were
20 students present {10 boys and 10 girls), and the teecher (Mr 5}, who had a degree in
mathematies, was young, enthusiastic, and dedicated. He had obvicusly spent
considerable time preparing a lesson on “the area of a trisngle.” The lesson began with
Mr S telling the class that “Today we are gpoing to find out how to caleulate the area of a
triangle.” He then reminded the students that, in their last lesson, they had leamed how
to find the area of a rectangle. The following interactions then occurred (E1 refers 1o the
first sub-gpisode, and so on):

El: MrS: [To whole class] #Fhar it the area of @ Fectangle”
[Mr S looked around the classroom, hoping that a student would
velunteer an answer to this revision guestion. When this did not
happen, Mr S decided 1o ask a particular student.]
M S Suelve, wilat o vou think? Whar v the area of @ rectanedle?
Julie; [surprised at being asked] Sm, som, . . 607

[n this sub-episode, the teacher had apparently decided thet 1t was his responsibility o
link the new topic with what was dene in the last lesson, His initial, rather vague
question was not understond by the stucents. [t was not clear whether he meant “What is
the formula for the area of a rectangle”™ or whether he was asking what was the
students' concept of the area of a rectangle. In anv case, he assumed (almost cerainly,
falselv) that the students all understood what he mean: by his initial question, Julie,
though, had heard bim use the word “trangle™ in his introduction to the lesson, and on
being esked to provide an answer to the teacher's guestion, stammered, 18077
Presumably she knew that |80 ked something to do with triengles, and she had focused
an the properties of a iriangle rather than on those of a rectangle.

Wr 5 then decided to go on with the main theme for the day;

E2: Mr5: [To whele class| Fou & remember that in the lavt fesvon we found
that the area of @ recrangie ir given by A = L x 8 [Mr 8 then
sketched a rectengle on the blackboard, and labelled it as shown in
Figure 2] Above the rectangle he wrote:

A=LxB



Area of rectangle = Length & Breadin

E3:

hdr S:

e S

L
Flgwre 2 Aree = Length x Breadth
He then continued:

[To whale cless| Any sranele con b regarded ar fall a rectongle
Have @ dook ar this, [He drew a triangle within the rectangle he had
previously drawn (the tiangle having the same basc as the
rectanglz), and then dotted in the altitude of the triengle - see Figure
3| He continued:

o

L
Figare 3. Establishing the area of a triangle.

You can Fee that the area af the irfangle iv Ralf that of the rectangie
decaure Had &7 dhere(pointing 1o the left part of Figure 1) de daff e
rhat vectangle, aad (har & there (printing to the right part of Figure
3) dv half of that rectangle. So the area of the whole rigngie i Saff
e area of the whale rectangle. Thergiore the area of the iriangle &5
Hhat fenedt there (pointing to the base of the iriangle) mudaplied by

thart femed phere(pointing to the eltitude), o divided oy e So, 40
we Aave @ frangle fte thdy | [draws a triengle with a horizontal

base, dots in an e'tilede, and labels the base and altitude with the

pronumerals b and a, respectively - see Figure 4], thew . [writes,

next to the trieng:e]:



Mr 5

Bill;

Mr S:

Bill:

Mr 5

Bill:

Mr 5:

A={bxa)-2
Aren of triungle = (Base x Altitude) - 2

Figure 4 Areg = (base x altitude) = 2
He then continued:
Let 5 try an exampie and yon § see what £ mean . . . [draws

Figure 3] Let'r find the areq of thiv trianpfe. How would
you do i, Bill?

8 cm
Flgure 5 "8ir, it's wrong!™

[surprised at being asked]. £r. . . Whart was that sir?

Hone wandd vou find the area of this triangle”

Nir, ir's wrong!

FFhat do vow mean, 8 wnong, Sil?

How can that e X and that 0, when the side thar s 8 & fexr
Man the rrde thar 'y 62

X, QKXY The drawing warn ¢ fo reafe. [He redraws the
dizgram as in Figure 6] Q& Sl What'’s the area of the
Irignpie. now?”



|
|

I 8em
|

|_I

8cm

Figere & “Find the area of this tiangle.”

Bill: Aina. Farg-eigie?

MrS:  Howdid vow ger 387

Bill: Eiaht vivas are jori-eight

Mr S Adwose, Hud wieh edangier vou ve got to falve thar, So what
wondd be the area, Bl

Bill: Fhat do vou hadve® Do vou halve the elght and the vix, or
e Vo fuisd frerlve ane of them?

Me S You jurt mulipde ghe fwe and than Vo falve the for

Bill: Aivieht. So the aaewer v half of 45 Thar v 24,

Mr 8 ddmose righe You jorgod fo pud in the unid 5 em 2 8o the

right answer (s Idcm 2 [Looking at the class] .dm
greesiions’

\r & then asked students to do 20 exercises fram a page in their mathematics taxthook.
He told them they could use a calculstor, and that all they needed to do was multiply the
hase by the altitude and divide by 2. “Don’t forget to put in the unit squared,” he added.
Fach of the 20 exarcises was hased an an acute-angled triangle, with a bese drawn
horizontally, In each cese, the length and the corresponding altitude were shown,

& reseercher who abserved and made notes of the lesson decided to ask & student

(Cathy} about what she had done to obzin the enswer 17.5 cm? for the area of & riangle
with base 7 cm and altitude 5 em.

ES: Researcher:  Aow gid yow gef the f757

Cathy: ! tmased 7 By 5 and divided be 2 Like thix .
[ Demonstrated how to get 17.5 on a calculator. ]

Researcher el wihbar v the {7 5 ot fo o with the triangle!

Cathy: A the anrwer, v what vou ger when you tines 7 by
5 and then vou givide by 2

Researcher: B wihat does the £7.5 mean for the trigngle? Wit o
Hrere abowd the friaagle thars J757

Cathy: 7S i phe gnrwer; 07 what comes wp on fhe
sqfewlator.
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Mr 5 was nearby and overheard Catby’s answers. He said o Cathy, “17.5 em? is the
arew of the trianghke.”

Researcher: [To Cathyl Wiar de vow thind 4r X meanr when he savs that the
frfangle har anarea of 175 cn 2. ?
Cathy: [Somewhm puzzied| fr 5 fhe arnver vow gef when yor oo the

fmering, & ¥ righe, cox £ ohecled af the back of the dook:

In the above episode, n young enthusiastic mathematics teacher with o relational
understanding (Skemp, 1976} of how the areas of iriangles and rectungles are inter-
related (see sub-gpisodes E2 and E3), has as hiz main agenda the aim of helping his
students to understand the relationship just [ike he does. The difficulty is that some of
his students (2) have no idea of what the term “area™ means (E1, ES} (b) do not know
what the formula for the area of a riangle 4 = /A x @+ 2 really means {other than it
instructs them to do @ multiplication followed by a division when they are asked o find
an arca) (ES) ; and {c) most bnportantly, were unzble 10 follow the sequence of words
wsed b the teacher when he ined 1o explain why the arca of a triangle is half the arca of
a rectangle (E4, ES)

In mote general terms, the teacher does nol appear ta be aware of the extent of his
sludents’ comprehension difficulties, For their part, the main agenda of many of the
students was to try to ook Gor words, symbels, diagrams und sequences of actions (on
calewlator, for example) thet would help them get the right answer. Such students are not
really worried if they fail to understand what the teacher is getting at - they believe that
it they can get correct answers, then they understand. 1F the studénts are subsequently
asked 1o do mathematics tests in which the emphasis i3 on instrumental knowledge and
skills rather than on relational understending (Skemp, 1976), then their false belief that
they really do understand is reinlorced.

Messape of Research into ihe IMscourses of Mathematics’Science Classrooms

Some readers may feel thet the above episede represents the efforts of 8 young teacher
who almost certainly will become more aware of his studems” levels of understending as
he becomes more expeénienced. However, research into the discourses of mathematics
classrooms, cartied out in various counttes around the world, supgests that many of the
main elements of the above episade are very common in mathemuotics ¢lassrooms, at all
levels.

Erlwanger’s (1975} classic study of mastery leaming classrooms in the Urited States,
showed that many students who had passed tests and examinations had very little
uncerstanding of the matheriatics that had been iested. The German researchers,
Bauersfeld (1980} and Voigl (1985), have showed thal there are hidden dimensions of
mathematics classrooms which resull in stidents simply not understanding the language
used by teachers, texibooks and examiners - vet many of these studeénts are able to pass
exuminations merely by applying rote-learnad rules in response to standard coes - they
learn to “play the geme.” It s these hidden dimensions which defing the cufiuee of
mathematics classrooms, a cullure which comprises unstated and even unconscious
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agreements between teacher and students. These agreements permit & form of
mathematics education to proceed, even though many students find themselves listening
for key words, phrases, and rules which will enable them o pass tests and examinations,

Voigt (1985) carried out & micro-pnalvsis of four lessons in which a teacher routinely
intraduced new mathematics tasks by esking open-ended questions. Voigt's analysis
revealed that, although he thought his questions were encouraging constructiviss
learning, unknowingly, by means of implicit markers and non-verbal cues, he had
funncled the students wwards the solutions he had had in mind all along.

The radical constructivist view paint is that it is impossible to transmit knowledge from
one person to another by written or spoken language - learners will interpret what s
read and heard, and will construet their awn personal meaning (vonr Olasersfeld, 1983).
Qr, as Wheatley (1991, p. 10) puts it, "knowledge & not passively received, but is
actively built up by the cognizing subjec:," and ideas and thoughts "cannotl be
communicated in the sense thal meaning is packaged into words and 'sent' to anather
who unpacks the meaning from the senfences." Thus, Wheatley states, "our arempts ot
communication do not resull in conveving meening but rather our expressions evode
| Wheatley's emphasis] meaning in another, different meamings for each person.”

In a section entitled “Transmission Lnder the Guise of Reflection énd Invention,”
Clements and Ellerton {(1991) analysed a transeript which showed a teacher who wanted
her students to sense thet o piece of mathematics was mesthetically pleasing wend
beautiful, failed 1o do so largely becavse the poarierns in the mind of the teachar were
simply too subtle for the Grade 7 pupils, even though the teacher did her best (o
esteblish a learaing environment in which the students might have been expected 1o
construct the patterns, There was a mismaich between the teacher's understandings and
language, the mathemutics itself, and the students’ understandings and language.

This raises the issue of whether there are any gentral charactenstics of mathematics
¢lessroom leamming environments which are likely to réeduce or even climinate the
mismeatch berwesn curriculum, teecher and learners. This issue has been addressed ot
length by radical constructivist mathematics educetors such as Cobb, Yackel and Wood
{ 1992), Steffe (1990}, and Pateman and Jehnson {19940). Here, it suffices to present the
list of five qualities of mathematies clessroom enviconments for which Cobb (1990, pp,
200-210) has claimed there is research support:

i. Learning should be an imeractive as well 25 4 constructive activity - that is o say,
there should slwavs be ample apporiunity for creative discussion, in which each
leamier hes a genuing voice;

2.  Presentation and discussion of conflicting points of view should be encouraged;

3.  Reconstuctions and verbalisation of mathemmticel idens and solutions should be

commaonplace;

4,  Students and teacheérs should learn to distance themselves from ongoing scrivities
in order to understand alternative interpretgtions or solutions;

s P The need 1o work towards consensus in which various mathematical ideas are co-
ardinated s recognised,
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Although many teachers of mathematics would cluim that they already incorporate all
five af these points in their classrooms, all oo often the rhetoric of mathematics tzachers
and the realities of what transpices in their mathemarics classrooms do not bear much
resemblance to each other (Desforges, 1989}, This list from Cobb {1990} at least
provides a hasis for curriculum development and esscciated professional development
programs. There i3 certainly a tension betwesn the need for teachers to maintain
guthority and direction in their classrooms, to cover required content, &nd vet to be
sufficiently flexible 1o encovrape sidents to construct theis own mathematical meanings
by being engaged [n genuine problem-posing and problem-salving situations {Ellerton
& Ellertan, 19877,

Development of a Model Relating Language and Mathematics

During the 1970s and 19808 matkematics educatars became increasingly aware of the
diverse strands of research that are concerned with the interface between lenguage,
mathematics, and mathematics learning, The moedal put forward by Ellerton {ses
Ellerton, 1989: Ellerton & Clements, 1991 Cllerton & Clarkson, 1996) was developed
in response to the obvious nesd to develop links berween the various research thrusts
plready wall astablished in the mathematics edvcation literatures, The model is
summarised in Figure 7, and reflects the complexity of the multi-faceted relationships
between mathematics, lunguage, the mathematics classroom, and the underlying cultural
COTLEXL.

Culiure

Scclo-
lingulstice

-

Matural Tl
Mathamalics ey
Classraom |,
ard
Curriculum
IMelicatics

Froblem
Beiving
Communication

Figure 7, The interface between mathematics and languaga
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Although the definitions of, and relationships between, the components of a model such
as this are open to debate, the thecrising of the links between the various arcas of
research in language and mathematics is seen not enly as an impoertant way of unifving
gnd directing research, but alse as something likely to influence cuericulum
development as well as the teaching and learning of mathematics. A similar model could
be consteucted for facilitating discussion abour the teaching and learning of science
(Ellertan, 1%94b).

Concluding Comments

In the past, langoage education end mathematics/sclence education researchers have
tended to work separately, being lacgely unaware of the efforts of those in closely
related fields of endzavour, For greater detail which synthesises the interface berween
mathamatics and language sugeested by the theoretical model presented in Figure 7, the
reader is referred to Ellerion & Clements (19913, In this present paper, my aim has been
to pravide & suevey of some of the facters and approaches that research seems 1o suggest
are of central importance if the teaching and learning of mathematics are 1o be
improved.

The following points are presented to serve as @ springboard for further research and for
the development of more eppropriate mathematics curricula and professional
development programs for teachers of mathematics,

& Communication mismaichey between teachers and students, and hidden
dimensiony of mathematics and science classroom discourses, are of
Sundamental importance in explaining vhy many students find if difficult fo
learn these subject areas, Children’s understanding is fundamentally influenced
by the many hidden dimensicns of mathematics and science ¢lassrooms; in
particular, the complexity of commaon patterns often inhibit learning. Amaong the
barriers to learning is the 1dee thet it is somehow acceptable for teachers to use a
higher level of languages than studants can appreciate. While teachers often have
a relationg]l understanding of what they are teaching, many students find
thamselves enly able to acquire a surface level of understanding of what is
intendad by the teacher, In short, there is 2 communication mismatch,

£ Teachers nal only need to become more aware of the difficalty studenis
experience in comprepending specific mathematical and scientific vocabulary,
and the semantic struciures embedded in the languages of mathematics and
schence, bul they should alvo take steps to help their siudents fo acguive genkine
understanding of these fanpuages. Research 1s unambiguous on the point that
many students simply do not understand what teachers, textbook writers and
examiners are talking ebout, The communication mismatch referred to in point |
derives fram this lack of understanding, There is an old saying thal every
teacher should be a teacher-of language, and research seems to suggest that the
idea behind this saying is particularly important in mathematics and science
classrooms.

29



& Evrabdivhing cognitive fmdr iv a fangdamentallv Duporiant carvicnlume e iy
marfemaricr edveation, Mathematics and science curricula need to he
developed which are structured around the idea of linking learners' personal
worlds with formal mathematical and seientific skills and with formel
mathematical and scientific languags.

A The need fo arsied farnses fo devefop appropriate cogriive finkre & g gl
smporiand professronal developriens fivwe I madhemarics edweason.  Once
mathematics curicula which are structured around the idea of linking learners’
personal worlds with their formal matkematical skills and with their formal
mathematical lenguage have heen developed, then appropriately funded
professional developmernt programs aimed at helping teachers to estblish
learning environments that will promote linking, should be implemented.
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PRESENTATION REPORTS: MATHEMATICS PAPERS

Title Language Factors and their Relevance in Problem Posing and
Problem Soiving in Primary Aathematics and Science
Classrooms

Presanter Prof, D, Nerida F, Ellerton, [lincis State Universicy, LS.

Dare & Time 12 August 2003, 110D am, — 12,20 p.o.

Content of the Paper

Children lean tarough the medivm of langunge. Language 18 an umportant
clement in the teaching end learning of science and marbematics
Sophisticated language skills gre needed to develop sound problem posing and
problem aclving akills.

Mathemmarical and scientific communications make vse of ordinary language,
The language we use evervdey i loaded with mathematical ad scientific
teriinology. The teacher plavs go importast role to assist learners to acquire
the formal languages of mathemalics and acience.

[ 3 There are two modes, receptive and expressive modes. In the receprive mode.
students need 1o histen, o read, (o observe, and to interpret, While in the
expreasive mode, they need to be able o express themselves to the teacher
end peers verbal .

DMscussion

20 Cuestion

My, Teoh oo Kim of Sultien Abedd Halim Teacher Training Collere of Kedah
Madaysia commented ther with the change of instroction from Malay 1o
English in the teaching of mathemties and science, the weaching of these
subjects has hecome very challenging. Very often, teachers have to translate
from English to Malay and back to English. She enquired the presenter’s
apinion on double translaticn

Answer

Translating the prablem into Malav could be necessary in the beginning. It
could be useful to explain what certain terminology means in Malay language,
hut reachers should guide smdents o salve the problem in English, To
facilitate hetter understanding, reachers should link children's personal worlds
in the teaching of mathematics and sclence. Childran whoe are bilingual gre at
a bewer poaiton. Children who have reached above the language thresheld
level would be most likely to have better performance.



Praf. Yorhifiko Hashimoto af Yokokama National Universite, Japan
suggasted that teachers should encourage atudents to pose problems and to
use their minds to solve problems and visualize diagrams.

AMr. fsa Othmar of Limbungan Prmary Schoo!l, Malacca, Maloysia
emphasized that mathematics textbooks should be equipped with inferesting
mathematice] ideas end extensive examples for students to heave better
understanding tn the subject matter,
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