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INTRODUCTION

One of the key roles of language is to transmit meanings. The medium for the
use of language is spoken and written communication or something mixed
between these two. Speech and writing have many characteristics in common.
In the mathematics classroom, students and teachers communicate information
and ideas. Mathematical discourse emerges from individuals using both
ordinary language and mathematical symbols. Without ordinary language and
mathematical notation, students are limited in their reasoning since meaningful
interchanges with others encourage people to learn more about mathematics.
Process, context, and meaning play a central role because they stimulate
students’ exploration and experience of mathematics. Learning to understand
and use written symbols is a crucial step in the advancement of mathematics.
Metaphors can be useful in approaching mathematical ideas, and thus
contribute to understanding and helping the learner in his or her reflection
about the concept or problem discussed or studied. They play a significant role
in language and help us to classify and conceptualise phenomena around us.
Today the function of metaphors in mathematics is acknowledged. It is not
until the 1970s that the relation between language and mathematics was
brought into focus (see further Nerida et al. 1996: 987-991). The principal aim of
this essay is to enlighten the crucial significance of communication in the
mathematics classroom.

Chapter One has an introductory role and considers linguistic aspects that
are relevant for communication in the mathematics classroom. The aim is to
consider different aspects of language. I try to give some of the essential
features of language. Chapter Two examines different views of the relationship
between language and mathematics. Chapter Three highlights the role of
communication in the mathematics classroom. The aim is to look at the use of
communication in order to increase the awareness of the influence of language.

Mathematical discourse crosses the branches of linguistics, mathematics,
and mathematics education. That is why I have studied selected works within
theses disciplines, in order to illuminate the importance of language within

mathematics.



CHAPTER1 WHAT IS LANGUAGE?

1.1 Introductory notes

The role of language for transferring information cannot be overrated. Humans
can produce completely new utterances with a limited number of grammatical
rules and can exchange skills and information. Accordingly linguists must
consider language a medium of communication. The use of language, and
expressions with a particular meaning are intertwined. There are conventions
for which word to associate with a particular object, and without these
conventions for how to use language there would be chaos. In today’s society
there is profound communication and so language is the base of all activities.
Usage and comprehension are major ingredients in having a complete mastery
of a language. Psychologists, sociologists, anthropologists, and teachers all
realise the significance of language in life and they pay more attention to it. As
a consequence, Aitchison (1995: 3) points out, linguistics is one of the fastest-
expanding fields.

1.2 Different aspects of language

Words and phrases come to life by carriage, breathing, vocal cords, and the
mouth. Eyes and facial expressions also influence the way a message is
perceived. Through language people express their feelings and convey their
messages. People usually want to understand the intention of speakers.
Language is used for interaction in different situations. There are interesting
similarities between human and non-human communication. Linguistic
knowledge includes the ability to produce and understand messages. People
can create phrases and convey information.

Language is integrated in human life and what we do and are is affected by
language. Aitchison (1995: 3-12) notes the fact that children in different cultures
start combining words in approximately the same way and their progress is
similar. A child who grows up in isolation without humans has no language at
all. There is probably some innate predisposition in a baby although it must be
activated by long exposure to language. At a very early stage, Macaulay (1994:
12) reports, children realise the possibility to communicate with others when
there is some kind of response to their cries and they learn the differences
between facial expressions. Parents encourage their children to respond with a
smile or a spluttering burp. It is possible to communicate through the senses of



taste, touch, smell, and vision, but the dominant way is acoustic; children
realise that the sound from the mouth plays a significant role. Gradually
children discover that not all sounds mean anything and may not change the
meaning of an utterance. Children become aware of paralinguistic features
which involve how loudly or softly, how quickly or slowly, how hesitantly a
person speaks, and its part in communication. Children also become conscious
of the phonetics of languages, and distinguish between phonemes as in the
following words:

pin/bin/din/sin/thin/fin/ gin/chin/kin/win.

Languages have different sounds and consequently when children learn how to
speak, they produce different kinds of sounds, and gradually structure them in
a pattern.

The term communication means a transmission of a signal that conveys
information. It is believed that animals cannot convey information in the same
way as human beings and that the power of human language is the limitless
ability to talk about anything. Subsequently, language is one thing that marks
humans off from other animals and is an important factor in the understanding
of human beings. There are some properties which differentiate human
language from other forms of communicating. In general, animals produce a
particular behaviour in response to some kind of signal. Animals are capable of
communicating with other members of the same species and have a stock of
basic sounds which they can use; a cow has under ten, a chicken has around
twenty, and a fox thirty. The average number of phonemes in human language
is between thirty and forty. Unlike the vocal signals in other animals, phonemes
are meaningless on their own but can be combined in various ways. When a
bee finds a source of nectar it flies back to the hive and performs a complex
dance and so informs the other bees where to find the flowers. Thus bees can
communicate about something absent, i.e., nectar. However, the number of
their messages is limited (Aitchison 1995: 12-14).

Aitchison (1996: 7-9) discusses the similarities and differences between
birdsong and human language. Many birds have two in-built types of sound,
viz. a danger and a congregation call just as humans have two distinguishable
utterances, viz. a pain and a hunger cry. Birdsong and human language both
have a double-barrelled system; basic elements in birdsong have no meaning
just as in human language, but in human language it is possible to produce
meaningful single segments by combining meaningless ones. In both birdsong
and human language single sounds are fitted into a rhythm and intonation



pattern. Besides, the song of a particular species may have something similar to
human dialects. Human language and birdsong are both thought to be located
in the left side of the brain. Before birdsong is completely developed young
birds pass through a period of so-called sub-song. This process is similar to that
of humans where infants experimentally produce different kinds of sound
patterns. Usually birds must learn their song at a certain short period when
they are young and similarly, the first few years of human life are crucial for
language acquisition. Even though human language and birdsong have much
in common there are great differences. Mainly only male birds sing while
female ones are songless. The variations between different birds are greater
than between different languages; human languages share the same
fundamental structure. Birdsong works at a long distance in comparison with
the intimacy of human language. The range of human use of language is vaster
than that of birdsong. Human language and birdsong have developed
differently in different species.

Communication between animals appears to have little flexibility in
comparison to the way humans communicate. Natural language distinguishes
human beings from other animals. A noticeable and typical feature of human
language is its flexibility and versatility, since the acquisition of language is an
extraordinary feat we, as human beings, achieve. Lyons (1989: 19) points out
the usefulness of language when we express our feelings, or ask for favours and
co-operation. In the outline of Aitchison (1996: 17-18) she mentions many
purposes of language such as providing information, giving commands,
expressing feelings, and social talking. More could certainly be added to this
list and that is why the original function of language is unclear.

We can see what linguists regard as essential to language in their
definitions or discussion of language. Harley (1995: 2) proposes that a language
might be “a system of symbols and rules that enables us to communicate”.
Symbols are spoken or written words that represent something and hence it is
hard to find a formal definition of language. It is possible to approach language
from different angles. Interesting aspects involve the sound of language, the
meaning of words or the grammar that determines word order. Lyons (1981:
3-8) outlines five different descriptions of language. He refers to classical works
by well-known linguists:

® Sapir states: “Language is a purely human and non-instinctive method of
communication ideas, emotions, and desires by means of voluntarily
produced symbols” (1921: 8). However idea, emotion, and desire do not cover
everything that human beings communicate by language. There are



systems of voluntarily produced symbols which are considered to be
languages. Language is used metaphorically.

* Bloch & Trager tell us: “A language is a system of arbitrary vocal symbols
by means of which a social group co-operates” (1942: 5). They never
directly mention the communicative function of a language and point out
the so-called arbitrariness of language and link between language and
speech. It is impossible to speak without using language but it is possible to
use language without speaking. Speech is prior to written language.

* Hall describes language as “the institution whereby humans communicate
and interact with each other by means of habitually used oral-auditory
arbitrary symbols” (1968: 158). Now communication and interaction are
introduced. The term oral-auditory might be considered as an equivalent to
vocal. However, the former term refers to the hearer as well as the speaker.
The way Hall employs habitually used is remarkable. Linguists in the United
States were influenced by the stimulus-response theories of behaviourism.

* Robins emphasises that formal definitions tend to be “trivial and
uninformative, unless they presuppose ... some general theory of language
and of linguistic analysis” (1979a: 9-14). He also says that salient facts
“must be taken into account in any seriously intended theory of language”.
He makes comments on what a language is.

¢ Chomsky gives us this definition of a language. “From now on I will
consider a language to be a set (finite or infinite) of sentences, each finite in
length and constructed out of a finite set of elements” (1957: 13). Chomsky's
intention is not to describe natural language. Chomsky believes that all
natural languages fit into his definition. His arguments is that each natural
language has a finite number of sounds in it and that although there may be
infinitely many distinct sentences in the language, each sentence can be
represented as a finite sequence of these sounds or letters.

Berthoff (1981: 109-111) presents five maxims which focus upon different
aspects of language, where language is considered to be an instrument of
knowing. Here is a summary of her maxims:

1. Language is basically utterance and primordially speech. A stream of air, an
appropriate oral activity, and a tongue that can articulate the sounds in
patterns are all important components in speech. There is a bond between
the mind and vocal articulation which transforms experience using symbols.
Sapir’s definition inspires us to look for the similarities between language
and perception, memory, dreaming, and imagining. Language follows with
the mind’s activity which is meaning-making.

2. Naming is about classification which involves comparing and contrasting,
sorting and gathering. Take a little white, fluffy four-legged thing and then
identify it, see it as one thing rather than another. Differentiate it from a



similar boulder on the hillside and see that it is comparable to other
creatures in the same category, and conclude that it is a lamb.

3. As human beings, we are rational and so we are capable of considering,
contemplating, and explaining our interpretations. Language makes the
images of our experience stable. These images function as reference, i.e.,
sources of the analogy by which we think. We can imagine alternatives, and
are not tied to particular time. Language makes it possible to have
knowledge about, not just of.

4. As an articulation of names, language tends to run along and bring thinking
along with it. We are capable of symbolising things and their relationships.
Syntax is as central to language as naming, and is interconnected with
semantics. The analysis of language does not have to consider the role of
bringing thinking along.

5. Language symbolises thinking and is public and private, personal and
social. The ability to comprehend language is inborn, and must be
understood in a social context. Since we, as human beings, want to have
supplementary powers, symbol-making activities such as language, are
biologically indispensable. Communication and inner thoughts are essential
parts of language. Meanings are created, discovered and shaped in
dialogue.

Linguists attempt to define language and we might question their choice of

words. Do linguists” definitions cover everything which is needed to depict a

language? Definitions differ, and thus bring up various aspects of language.

1.3 Differences and similarities between speech and writing

Finding words easily within speech and writing without any awkward pauses
is required for contacts with authorities, in professional life, and for
participating in political life. Writing is a vehicle which stores and conveys
information and focuses upon the significance of words. The written text gives
structure to the message. Speech and writing are vehicles, or media for
language. O'Donnell & Todd (1991: 3) state that separating language and
medium is hard because language is abstract and medium occurs in a concrete,
observable context.

Even though spoken and written language have much in common, they are
different. Lyons (198%: 11) distinguishes between language-signs and the
medium in which the signals occur. A written text can be read aloud, and what
is spoken can be written down, and a native speaker knows if this particular
transference is correct. The concern of traditional grammar was mainly written
language; it was the norm and spoken language was ignored. The traditional



attitude towards language inclines many linguists of today to concentrate on
spoken language.

The focus on language change made linguists aware of the connection
between spoken and written language. According to Lyons (1989: 12), the
change of the latter could be explained and understood by the development of
the former; spoken language developed before written language. The written
form, however is a relatively recent phenomenon. Literary languages are
developed from spoken languages; many languages have a spoken form only.

Liberman (1995: 20) argues that the eye, not the ear, can more easily receive
a message. The hand, not the tongue, is more flexible. The print, not the sound,
has a better relationship between signal and sound. The alphabetic characters,
not the context-conditioned acoustic signal, have a more uncomplicated
connection with the language. Reading and writing are hard because phonemes
are emphasised; writing is not approached in the same way as speech. Some
linguists pay attention to either a visual or auditory language while others take
no notice of the supremacy of speech.

The earliest writing systems were based upon pictures. Macaulay (1994: 78)
categorises the writing systems today into three groups:

* alogographic where symbols represent whole words or morphemes,

* asyllabic where each symbol represent each syllable,
*  an alphabetic where symbols represent one sound.

When each symbol represents a single sound it is easier for the hearer to write
the sounds down and for the reader to know the pronunciation of the words.
The International Phonetic Alphabet, IPA, considered this fact in its first
version which was approved in 1888, and later was spread over the world.
However, there are problems with this particular system since it is for instance
more difficult to represent speech sounds in a simple way; the conventional
typewriter keyboard does not contain enough characters to represent all sounds
there are in all the languages of the world.

The writing system of the English language depends upon created symbols,
the so called letters, which approximately correspond to sounds. These sound
units are idealisations of real segments of speech, rather than being the real
segments themselves. O'Donnell & Todd (1991: 7-9) write that no language has
a one-to-one correspondence between letters and phonemes, even though
some, such as Spanish and Polish are more precise than English in having a so-
called phonemic alphabet. Even though spelling mistakes are made it does not
automatically mean that there are difficulties in reading, because we do not
read letter by letter. Speech and writing operate in different ways. When you



are addressing someone near at hand, unplanned speech is much more
convenient than writing. Spoken language is often spontaneous since the
addressee is present. Body language, such as gesture, posture, and facial
expressions, plays an essential part in the communication and the addressee
might help the conversation to proceed by questions, puzzled expressions or
nods. Writing is strikingly different; in most cases the addressee is absent and is
not motivated by instant needs. Besides, the writing process involves thinking
and planning the message and it is possible to redraft and adjust the text.
Planning out spontaneity, however, is a crucial ingredient in what is considered
to be good writing. In general, writing is smoother syntactically and there is
nobody to carry the conversation forward and there is no body language to rely
on. The written language is permanent and organised in space instead of in
time, as spoken language. Recorded spoken language is relatively permanent
and can be listened to repeatedly, until it is thoroughly understood. Con-
sequently, speech and writing are two complementary aspects of language. The
communication needs are not fulfilled by speech and are being taken over by
writing; spoken language is more natural in real life.

The knowledge of language comprises the ability to relate an abstract
phenomenon, the language, and a concrete one, the medium, to understand the
distinction between the spoken and written form and the way they correspond
in the mind. Some linguists classify language and speech as the same thing, but
speech has two disadvantages:

* it does not last,
* itis effective only over short distances. (O’'Donnell & Todd 1991: 4-5)

Nevertheless, conversation may be recorded or carried out over a long distance,
but these devices are rare. While writing, you use a tool of some kind in order
to present marks, which are apprehended by the eyes, not the ears. The written
language is arranged in space and not in time, and often needs more hard effort
than spoken language. There must be some conventional connection between
speech and writing. The ability to say aloud what is written, and write down
what is said aloud, does not depend on comprehension.

Macaulay (1994: 83) presents a similar view. According to him writing is
not strongly connected with the place and time it was produced. Personal
letters, notes, and legal documents where the date and place and time are often
mentioned, are exceptions. Nevertheless, in most cases we have no idea of
where and when the text was written, since it can be passed on, copied, and
revised; the writer cannot oversee what happens to the text. Writing consists of



discrete items such as letters, words, and sentences. The rules for the written
form are taught and applied, for instance, in schools and by editors and
supervisors; writing is static and durable. If you, as a reader, do not grasp
everything, you can go back and reread the text, and it is also possible to skip
over a part. Often the writer does not imagine a specific person while writing
and generally has no notion of who he/she hopes would read his/her text; a
consequence is that the writer has difficulty in perceiving any mental picture of
the readers’ backgrounds. The writer must attempt to avoid ambiguity and
other expressions which could mislead the reader since the feedback is not
received straight away. Writing is often monologic because writers usually
work by themselves and readers digest the text alone. There might be an
imagined dialogue between the writer and the reader, which, however, does
not alter the written text. At times the reader has to figure out the meaning of
the text, and the writer always has to predict possible misreadings. The ability
to speak and to comprehend what is uttered is spread more widely than the
ability to write and to read. In general writers are more aware of certain rules,
since writing is “taught” in schools, and the focus upon speech is more vague.

The differences between the spoken and written form result in different
linguistic features between the two forms. Maccaulay (1994: 83) points out that
prosodic and paralinguistic features are central in speech, while punctuation
and other devices, such as italicisation, are symbols which indicate the spoken
features. Prosodic features comprise intonation and stress, while paralinguistic
features comprise pauses, fillers, speed, loudness, and emotional voice quality.
Sometimes it is not easy to distinguish sentences in the spoken form since the
words in an utterance are often grouped in chunks consisting of five to seven
words and these chunks normally correspond to clauses. Writers do not have to
consider what can be easily spoken and understood. Speakers can frequently
use discourse markers such as well, ok, I know, I mean, as a manner of revealing
the development of the speech. The discourse markers play a significant role in
spoken discourse, but are not used in the written form, where expressions such
as however, on the other hand, on the contrary are common as a transition from one
sentence to another.

Speech is considered to be more natural than writing. Liberman (1995:
17-20) emphasises seven main points concemning the difference between speech
and writing; here follows a résumé:

1. Speech is universal. Human beings always develop a spoken language.
Writing is a late phenomenon in history, and many communities do not
have a written language.



2. Speech is older than writing in the history of our species.
Speech comes earlier than writing in the history of the individual,

4. Speech must be learned, but it need not be taught. Membership of the human
race and exposure to a language are the two conditions that must be
fulfilled to acquire speech. Learning to speak is a precognitive process. The
learning of reading and writing requires motivation and opportunity.
Reading-writing is an intellectual achievement and speech is not.

5. There are brain mechanisms that evolved with language and that are, accordingly,
largely devoted to its processes. Some of these mechanisms are engaged in the
reading-writing process.

6. Spoken language has the important property of “openness”. Humans can express
and convey an infinite number of messages. To some extent, a script has the
same property since it transcribes its spoken-language base. A proper script
is constrained because of its close connection with spoken language. Within
these constraints the written form is more changeable.

7. The above principal points are a reflection of the condition that speech is a
product of biological evolution, and writing is seen as an artefact. Writing is
partly discovery, partly invention.

It is good to discuss issues with others since comprehension may be
clarified by speaking. While struggling with a written text, we will hopefully
grasp the subject. The relation between speech and writing is formulated by
O'Donnell & Todd (1991: 11) as follows:

If we take everything into consideration, then, we can see that there is a good case

for saying that though speech is quantitatively primary, it is writing which is

qualitatively the more important. Yet it is better to avoid such a conclusion, since it
implies that there is, in some sense, a competition between the two mediums. This

is not so. Speech and writing complement one another, and both are certainly
necessary in advanced society.

1.4 The importance of meaning

People must learn how to communicate meanings. What is the function of
language? What makes communication possible? The tie between the sign and
the meaning is important. Words do not mean anything in isolation since the
context of an utterance is important because the meaning of words depends
upon the situation; utterances usually mean something and many
interpretations are possible. The meaning of a specific message is partly a
product of the meanings of words, partly a product of what the person is
actually saying.
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Human' languages are complicated systems, and it is impressive that we
learn our vernacular without knowing what we are doing. Mainly all parts of a
language belong to one register or another. Macaulay (1994: 86-89) writes about
travellers who, in a foreign country, may ask somebody, “Do you speak
English?“, and would like to know if this person can help them out, not if they
know the totality of the English language. We use the part of language which is
appropriate for a specific topic. Regional and social dialects join people together
with a particular division of community. The author discusses the scope of the
term register. The registers of academic fields often include many technical
terms so they are incomprehensible to others, but an exact definition of
technical terms is crucial within the discipline itself. Every now and then
people make fun of a jargon they do not completely understand, above all,
when a cumbersome expression has been employed instead of a shorter
ordinary word. Only the scholars are familiar with the nuances of these
different terms, and therefore have a responsibility for not making their
writings more difficult than necessary. Each register consists of its own
vocabulary. Take the drill sergeant on the parade ground, the teacher in the
classroom, the stage hypnotist, and the cattle auctioneer, who are all using
different phrases but also different voices concerning intonation, volume,
speed, etc. The different kinds of voices are as important as expressions for each
single register.

In conformity with Kempson (1992: 11) there are three main perspectives of
the description of meaning in natural language:

* by defining the nature of word meaning,

* by defining the nature of sentence meaning,
* by explaining the process of communication.

Word meaning influences the way people interpret sentence meaning and
communication. As a consequence, both words and sentences are central for the
explanation of communication. When sentence meaning is the basis, words are
seen as a systematic contribution. Communication is very much influenced by
language and consequently the interpretation of language is essential for the
understanding of communication. The problem of meaning is strongly
associated with the relationship of reference, which is concerned with words
and objects. There is a relation between an object and the word it represents. A
word such as imagination refers to some class of abstract objects. However, this
is not the case with words such as and, not, and whether since it is hard to say
what propositions are referred to (Kempson 1992: 12-13).

11



Semantics analyses the aspects of conventional meaning believed to be
present in communication, and deals with the meaning of words and sentences
in isolation. Since meaning is essential to language, Palmer (1981: 1-3) depicts
semantics as a branch of linguistics and discusses the following questions:
What is meaning? Are there any satisfactory definition of meaning? What
aspects of meaning are interesting within semantics? Thus, the study of
meaning is difficult from a linguistic standpoint because meanings are
expressed in language. There are several meanings of meaning and the author
mentions Ogden & Richards (1923) who listed sixteen different meanings. It is
possible to create meaningful units, such as words, by combining meaningless
phonemes. Reference is concerned with the relationship between linguistic
elements, words, sentences, etc., and the non-linguistic world of experience.

Berthoff (1981) discusses the importance of meaning and says that we read
for meaning, i.e., to construe, interpret, and enjoy texts. Speaking and writing,
listening and reading inspire us to the making of meaning by using language.
She writes as follows:

Meanings are relationship: they are unstable, stﬁné, dynamic; they do not stay

still nor can we prove the authenticity or validity of one or another meaning that
we find. (Berthoff 1981: 42)

Some models can be regarded as a reminder of how to consider the nature
of language, i.e., language is dynamic and dialectical and depends upon the
situation and viewpoint. The author brings out the well-known “triangle of
discourse” (see Figure 1).

Figure 1. Triangle of discourse

Message

Writer Reader
(Berthoff 1981: 43)

At times, speaker/reality/audience are at the three vertices, while language or
text take up the enclosed region. There is no relationship between the message
and its sources nor to the speaker. The above triangle does not describe how to
avoid misunderstood messages and that is why Berthoff underlines another
triangle (see Figure 2) which considers the relationship between message,
communication, and sign.

12



Figure 2. Triangle of discourse according to Berthoff

Reference

Word Referent
(Berthoff 1981: 43)

The term referent considers the reference. The dotted line implies the indirect
relationship between words and things because when we interpret words or
other symbols, we are much influenced by what they represent, for instance, we
know reality in terms of our ideas of reality. Berthoff emphasises:
This curious triangle with the dotted line can help us to remember that what we
know, we know by means of mediating form. The triangle represents mediation,
the interdependence of interpreter (what we know), the symbol (image of word),
and the import of significance it has. Ironically, by not being quite a triangle, this
triangle represents the triadicity of meaning relationships. It can help us keep in
mind that what we must include the beholder, the interpreter, in our account of

texts; that texts require contexts abd that contexts depend on perspective. (Berthoff
1981: 44)

The definition of meaning is dependent on the term concept which is murky
and Kempson (1992: 17) therefore discusses the importance of defining the term
concept strictly. She refers to de Saussure (1915) who considers the fact that the
concept, or signifié as he labels it, is an element which is due to its value in the
system. Thus, it is possible to claim that the word backelor denotes its meaning
on the ground of related words such as spinster, woman, husband, boy. Likewise
with the rest of the words in the vocabulary. Members in created sets of words
are related to one another, called valeur. These sets help people to interpret
words in certain ways, even though there is still a difficulty in defining the term
concept; it is not apparent how to test the intra-relationship between valeur and
signifié. Kempson (1992: 17) questions whether words such as and, because, and
or can be analysed in terms of concepts. There is no use in stating the fact that
and is the concept of co-ordination since co-ordination is combined with and
and it is necessary to refer to this particular word. Hence, explanations of
meaning as a basis are unempirical.

The mental image in an individual’s brain is crucial for the interpretation of
a particular word. Since the images are not visual it is difficult to know which
form they take. For instance, if one person has an image of an equilateral

13



triangle, this may constitute the meaning of triangle or equilateral triangle. The
meaning of triangle can be ambiguous since the image can be either equilateral,
isosceles, or scalene. It is important to give attention to the following:

a) one may have more than one image for a single expression,
b) two expressions may have the same image. (Kempson 1992: 15)

Words may be understood in many ways. Considering the expression a
tired child, you may conjure up either an image of a child curled up and nearly
asleep or a an image of a child who is stamping its feet and shouting. A
description of meaning states that any word which refers to more than one
image can be ambiguous, but however, this is not the case with 2 tired child.
Similarly, expressions such as a tired child, an unhappy child, and an angry child
are not synonymous even though they may call up the same image of a child
who is stamping its feet and screaming. Also, a word may evoke different
images for people with different backgrounds and experiences. For a lecturer
the word lecture may represent an audience of between twenty and one
hundred people who are looking at one individual who may walk up and
down in front of them. Those who have not been in that particular position may
associate to somebody who speaks monotonously and boringly (Kempson 1992:
15-16).

Akmajian ef al. (1995) examine different words. It is possible to see meaning
as images and this is clarified with words such as Peagus, an imagery horse and
the Eiffel Tower. The noun dog will probably belong to a particular species and
not comprise different breeds of dogs. The noun triangle might be isosceles or
equilateral but will not include all triangles there are. If we would form an
image of the verb kick, human beings would probably be a part of that image:
one person kicking another. We use properties which are not a characteristic of
the word kick. Words such as only, and, hello, and not and combination of words
can cause problems. The way a person acquires concepts is important. It is
established that the humans’ system of cognitive classification is determined by
prototypes. Words such as common nouns, adjectives, and maybe verbs have a
clear conceptual content. Only, not, and hello are not easily conceptualised
(Akmajian ef al. 1995: 220-221).

It is obvious that words and sentences can have more than one meaning.
Kempson (1992: 123-124) discusses many cases of ambiguity. Good in the
sentence She has good legs stands for her having healthy, beautiful or functional
legs. Good can represent different things. While considering the word good in
isolation we tend to regard the word as one single lexical term. If we think of
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good in a sentence, there is a contflict since we are inclined to focus upon the
ambiguity of the sentence. The expression a good student may indicate a student
who behaves well, a student who works well or a student who works in a
disorganised way but shows a high level of ability. A good film may associate to
an entertaining film or one that makes you consider things with lifelong
satisfaction. There are difficulties in separating ambiguity from lack of
vagueness or specification. Kempson (1992: 123-126) isolates four main
perspectives on vagueness:

* Referential vagueness, which deals with the lexical item. This vagueness is
concerned with the difference between related words. For instance, the
meaning of city and fown. City is a town with a large concentration of
people and many houses whereas town is just a place where people live
with a certain number of houses. Towns may be either small or large
whereas cities definitely are big. It is necessary to define words in this way.
Still, it is very hard to decide whether a place in the grey-area is a city or a
town.

® Indeterminacy of the meaning of an item or phrase. The meaning itself appears
to be indeterminate and the possessive construction in English is an
illustration. John's book may refer to the book John wrote, the book he owns,
the book he has been reading, the book he was carrying, etc. There are
various interpretations of the meaning of possessive constructions.
Nevertheless, it is clear that there is a relation of association between the
possessor and the possessed.

* Lack of specification of the meaning of an item; the meaning is clear but very
general. Take the item neighbour; there is no indication of sex, ethnical
group, age, etc. This term may relate to a wide variety of people. This is also
true for general words such as go and do even though they are specified.
The sentence I"ve done the sitting-room can mean that he/she has dusted the
sitting-room, cleaned it, painted it, laid the floor in it, emptied it, set alight
to it, stolen the silver out of it, etc.

* Disjunction of different interpretation in the specification of the meaning of an
item. Consider the word or in the following sentences: (1) The applicants for
the job either had a first-class degree or some teaching experience. (2) All
competitors must either be male or wear one-piece swimming costumes.
The word or contributes to the sentence as a whole and one of the two
conjuncts is true in the two sentences.

Arbitrariness, duality, discreteness, and productivity are properties which
very much contribute to the flexibility and versatility of language; they are
interconnected and exist in all human languages, especially in the verbal part.
There is usually no natural link between the word and what it symbolises, as
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analysed by Lyons (198%: 18-19) The symbols in human language are arbitrary,
and so they are handed on from one generation to another. Arbitrariness
involves the relationship between form and meaning, the signal and the
message. The term to which a specific object refers is arbitrary because there is
no natural connection between the word and the object it represents. Non-
arbitrary links do exist between onomatopoeic words and their referents as the
English words cuckoo, pewit, and crash. It is practically impossible to foretell the
meaning of a word from its pronunciation. Aitchison (1995: 12) describes
duality as a layer of sounds which is combined into a second layer of larger
units. Duality makes language flexible and nowadays it is claimed that duality
also exists in birdsong.

At times it is stated that language acts as a bridge between sound and
meaning, and that this fact may facilitate the understanding. If you do not think
it out, however, it is possible to conclude that meaning is independent of
language and is homogeneous in nature. Meanings may be seen as ideas or
concepts which can be transformed.

1.5 Seeing through metaphors

Learning is a process where thought and language go hand in hand; advanced
structures develop. Each context has a linguistic and a non-linguistic aspect.
While learning something new people first must express their thoughts,
preferably write them down, and discuss them with others. Metaphors are
helpful strategies and powerful tools which enlighten the world, stimulate new
understanding, and enable people to organise new information.

O’Donnell & Todd (1991: 144) consider the impossibility to distinguish
between the content of a message and its form. The existence of a message is
composed of language. There is an intimacy between language and the medium
and between language and thinking, perceiving, believing, working, playing,
and learning. Nobody can, without doubt, say what the learning process
involves. However, we develop our own cognitive map of reality using inborn
intellectual mechanisms to perceive data which is in the form of language.
Many expressions both have a literal and a transferred interpretation. Palmer
(1981: 103) illustrates with terms applied to the body, hand, foot, face, leg, tongue,
and eye. Some of these words can be transformed to other objects, for instance,
it is clear that “the clock has no legs, the bed no hands, the chair no tongue,
etc.” (p. 103). Foot may not connote the lower part of mountains as in English,
and a needle may not have an eye. An eye may also be associated with the centre
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of a hurricarie or a spring of water. The author also exemplifies with adjectives:
both a person and a book may be sad, a coat may be warm in two different
meanings, either it is of a certain degree of temperature or it keeps a person
warm.

Akmajian et al. (1995: 213-215) assert that words, phrases, and sentences
determine the meaning of utterances. Linguists tend to focus upon phrases and
sentences rather than the words themselves. Speakers’ meaning may vary
because literal and non-literal meaning are involved. While speaking literally,
people mean what the words actually are saying whereas speaking non-literally
other factors such as sarcasm and irony affect the meaning of the whole
utterance. People must realise whether a person speaks literally or non-literally,
and it is significant to distinguish these two types while studying the meaning
of utterances. Furthermore, we must be aware of the fact that the meaning of a
word can vary between regions and people. If people were to use words in
whatever way they like, others would probably misinterpret their intentions.
Emotions, images, concepts, and thoughts influence an individual’s
interpretation of the meaning of an expression.

Lakoff & Johnson (1980: 3-13) believe that thought and action play a central
role in metaphors, which are pervading everyday life. Outlook on life,
experience, and actions are influenced by the metaphorical characteristics of
human concepts. Certain metaphors characterise the entire system. Many
concepts such as emotions, ideas, and time are abstract or not defined in detail.
We have to understand these concepts by means of clearer terms such as spatial
orientation and objects. The way people comprehend concepts by using
metaphors is central to the meaning of human experience. There are some
conventional approaches to meaning and language that give us information
about general principles of understanding and an overall impression helps us
to grasp isolated concepts. Our conceptual systems which are characterised by
metaphors, affect our perception of reality, the manner we reason, what we
experience, and what we do. The human conceptual system is a significant part
of the way we think and communicate. A metaphorical aspect of our
conceptual system becomes clear in the metaphor and it is possible to translate
the inexpressible into the expressible. Physical and cultural environments
influence human experience of the world, in which emergent concepts and
metaphors are of great importance.

Lee (1992: 71-82) discusses the so-called container view which concerns the
central role of language and communication and its effect on our general idea is
formed from the idea of transport. Meaning is seen “as object-like entities in the

17



minds of the individuals”, and can be inserted into language by means of
speech or writing. The hearer or listener is to select appropriate meanings from
the text, i.e., language is a vehicle for transferring meanings from the speaker to
the addressee. Basically, the meanings represent the same thing in the minds of
the two participants but the container view can cause problems and the author
exemplifies with radio shadow. He recollects an episode when the radio stopped
working, his seven-year-old daughter wondered why and he explained that it
was because of radio shadow. This description would only be helpful for
someone with knowledge about similarities between the diffusion of light and
the transmission of radio signals. The term radio shadow is affected by this prior
knowledge and results in a particular meaning, since the hearer associates with
a shadow in a literal interpretation where a solid object stops light rays from
the light source from reaching a particular place. This understanding is
indispensable for the interpretation of the expression in question. A child,
however, may focus upon other aspects of a radio and might assume that the
people talking on the radio are small people living in the set. Thus,
conceptualisation is important for the meaning of utterances. Lee (1992: 81) is
influenced by Moore and Curling (1982: 10) and compares the role of language
with a catalyst in chemistry since there will be no chemical reaction without
substances in addition to the catalyst itself.

In Lakoff & Johnson (1980: 4-32), a new approach to different kinds of
metaphors is introduced. The metaphor Argument is war is revealed in various
expressions in our everyday language:

Your claims are indefensible.

He attacked every weak point in my argument.

His criticisms were right on the target.

I demolished his argument.

I've never won an argument with him.

You disagree? Okay, shoot.

If you use that strategy, he’ll wipe you out.
He shot down all the arguments. (Lakoff & Johnson 1980: 4)

The authors emphasise the fact that argument is not just expressed in terms of
war. It is worth noting that we are able, for example, to win or lose arguments,
the person we are arguing with is viewed as an opponent, we may speak
against his positions and defend our own, we may gain and lose ground or we
plan and use strategies. This is by no means a complete list, but nevertheless, it
shows some illustrative sentences. Our experiences of this kind of expression
influence our view of the process of argument from the aspect of battle. New
ways of talking are created from new methods of warfare. Lee (1992: 72-74)
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underlines the productivity of metaphors and points out that a resemblance
between argument and war can be recognised. The metaphor in question
considers a specification of a general procedure, thus, the concrete domains
turn into more abstract ones. The conventional way of connecting argument
and war, however, is not the only possible metaphor as exemplified by the
following arguments as if they were buildings: I don't think this undermines my
position, That point supports my claim, This may buttress your argument. It is
possible to form an idea about wars in terms of buildings.

The fact that many battles historically took place on castles might cause
parallels. Lee (1992: 7) criticises Lakoff & Johnson (1980) because he thinks they
ignore the fact that metaphors supply choices for structuring particular areas,
when they discuss the argument of war and bring up a society where the
argument is structured in terms of dance. They imply that such metaphors are
inapplicable in the English-speaking sphere but according to Lee the situation is
more complex. Lee (1992: 75) puts forward some general metaphors:

Richard waltzed through Alan’s objections quite effortlessly, Helen showed some

fancy footwork in dealing with the first item on the agenda, I wish Ken would stop
all these pirouettes and come to the point.

Orientional metaphors organise whole systems of concepts with reference
to one another. Lakoff & Johnson (1980: 22) illustrate the metaphorical nature of
concepts with everyday expressions such as time is money in contemporary
English. Concepts are not completely structured by metaphors and can be
widened. The metaphors in a particular culture mirror its values and outlook,
and the authors exemplify with the up-down spatialisation metaphors in
English:

“More is better” is coherent with MORE IS UP and GOOD IS UP.
“Less is better” is not coherent with them.

“Bigger is better” is coherent with MORE IS UP and GOOD IS UP.
“Smaller is better” is not coherent with them.

“The future will be better” is coherent with THE FUTURE IS UP and GOOD IS
UP. “The future will be worse” is not.

“There will be more in the future” is coherent with MORE IS UP and THE
FUTURE IS UP.

“Your status should be higher in the future” is coherent with HIGH STATUS IS
UP and THE FUTURE IS UP. (Lakoff & Johnson, 1980: 22)

The concept of down is related to inactivity, while the concept of up is
concerned with activity.
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Ontological metaphors stimulate the process of thinking rationally, and
have a variety of functions. Lakoff & Johnson (1980: 25-26) consider our
experience of physical objects to be an important factor in our comprehension
of the world around us. We can use some of our experience as discrete entities
or substances and the recognition of them enables us to refer to them, categorise
them, group them and quantify them, i.e., reason about them. Mountains, street
corners, and hedges, etc. are categorised even though they are indiscrete.
Physical phenomena are linked with purposes such as locating mountains,
meeting at street-corners, and trimming hedges; artificial boundaries are
introduced. The familiarity with rising prices can be metaphorically expressed
as an entity through the noun inflation.

Inflation is lowering our standard of living.

If there’s much more inflation, we’ll never survive.

We need to combat inflation.

Inflation is backing us into a corner.

Inflation is taking its toll at the checkout counter and the gas pump.

Buying land is the best way of dealing with inflation.
Inflation makes me sick. (Lakoff & Johnson 1980: 26)

Regarding inflation as an entity enables us to refer to it, quantify it, and identify
a specific angle of it.

We, as human beings, construct our conceptions of the world and how to
stimulate and control data in everyday situations. The role of language in the
learning process is very complicated since incoming sense data must be
converted into the form of language. A comparison between old and new
knowledge facilitates our comprehension and this reflection is performed by
people who use language. Many internal thoughts are built up by verbal
thought which would be unachievable without language. External language
covers spoken language and written language (O’Donnell & Todd 1991:
145-146).

1.6 Summary

Language makes us unique since we, as human beings, are able to mention
other things than the here and now and can say just anything. We are capable
of producing and interpreting speech signals. The function of language has a
variety of purposes and covers expressions and exchange of meanings.
Language conveys a particular message, but nevertheless, people perceive
language in different ways. The arbitrary relationship between sound, word,
and meaning is central in gaining a deeper understanding of linguistic
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structures. The pronunciation signifies certain concepts and the addressee has
to interpret the meaning in order to understand the message. The meaning of
an utterance depends upon the situation and the addressee’s background; the
context is essential for the understanding of an utterance. The way the message
is received depends upon what has been said previously and the listeners’
knowledge, experience, and expectations.

Speech requires no special training, while writing has to be learned. In
order to be understood people cannot change the meanings of words and
expressions in any way they like. Words and expressions are associated with
“agreed-upon” interpretations. Some are utterances interpreted literally, others
non-literally. The non-literal expressions include metaphors.

Metaphors are of paramount importance for our complete understanding of
the world around us and are an integral part of the function of language. Most
people do not recognise the usefulness of metaphors. The reason may be the
fact that metaphors are generally described in terms of language with no
association to thought anrd action whatsoever.
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CHAPTER 2 MATHEMATICS AS A LANGUAGE

2.1 Introductory notes

The differences between everyday language and the language of mathematics is
the use of special symbolism in mathematics and the degree of precision. Before
you can communicate symbols, the relation between mathematical concepts,
ideas, and symbols must be clarified. This approach to the symbolism of
mathematics is interrelated to the use of ordinary language. All the major
components of language—talking, reading, listening and writing—therefore
play an important part in successful mathematics education and must be
considered in schools. The written and spoken language in the mathematics
classroom is different from the language encountered in other subjects and
everyday situations and consists of special notations and formulas. The
broadening of the mathematics register consists of the coining of new words
and a possible change in the meaning of words.

2.2 Is mathematics a language?

There is much consideration of whether mathematics itself is a language and a
consequence is comparison between mathematics and neutral languages. At
times the similarities with a native language, and at times the similarities with a
foreign language are in focus. Some do not see any resemblance between
mathematics and language whatsoever.

“Mathematics as a language” indicates that mathematics shares many
characteristics with languages, even though it is not considered to be a natural
language. Usiskin (1996: 231-232) draws attention to various labellings of
mathematics as the common phrases “formal and symbolic language”. The
author maintains the similarities between mathematics and natural languages
and writes: “Like all languages, mathematics has its unique characteristics. That
is, mathematics is like a language because it is a language like any other” (p
232). Schoolbooks may approach mathematics by calling 3 + 4x and 56.2 -~ 1/5
expressions, x = 2 and 3x + y < 50 seniences, and even, at times, = and = verbs.
Usiskin (1996: 233) also refers to Collinge (1990) who characterises language in
the following way: “Language is after all, the medium of human interaction.”
In the assumption of Usiskin, mathematics is not regarded as a natural
language because it does not originate from speech. Pupil talk in the
mathematics classroom is a new phenomenon. The focus upon mathematics as
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a symbolic language implies that there are more symbols in it than in natural
languages, but this is not the case. Languages borrow notations from one
another. Letters in English are borrowed from Latin and likewise, the language
of algebra depends upon the Latin alphabet and geometry and trigonometry
use Greek letters. Just as natural languages borrow terms from one another, the
language of mathematics borrows words from Greek, Arabic, Latin or native
English. When numbers are written down in an everyday use such as in a
newspaper, they are familiar, and therefore not mathematics. As a result,
mathematics seems to be less common than it actually is. It is important to read
the mathematical notations out loud for the comprehension of mathematical
concepts. Mathernatics is approached in schools and is not spoken at home.
Usiskin (1996: 232) underlines that mathematics must be introduced as a living
language.

“Mathematics is itself a language” is a definition, which is questioned. Bell
et al. (1988: 283) cite Love & Tahta (1977) who declare this statement as a
“meaningless slogan” and Austin & Howson (1979) as “somewhat dangerous”
and “potentially confusing”. The authors also quote Sweet (1972) who discusses
the concept of formation, and writes “as mathematics is a precise unambiguous
language, our first concern must be to teach the language—then the grammar
will follow”. The authors think the last statement is misleading and agree with
Austin & Howson who say: “Mathematics is not a language.” Accordingly,
mathematics is an activity despite the recognition of syntax and vocabulary
since the systems of symbols and terminology is not mathematics itself.

Pimm (1987: 1) points out that the notion of mathematics as a native
language is contradictory because mathematics is seen as a representation of
something which is commonly earned overtly and consciously in contrast to the
manner in which a language is learned. Also, mathematics is mainly a written
language containing unfamiliar symbols. Words are listed in dictionaries which
provide different meanings. Generally, teachers would like to know if their
pupils have grasped the meaning of a specific word and might test their
understanding by asking them to state a formal definition or a paraphrase of
the meaning of a word.
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2.3 Mathematical symbols and concepts

Mathematics consists of symbols which are interwoven with everyday
language. Symbolism mediates a move from a concrete situation to a more
abstract one. Mathematical reasoning depends on learning how to use such
symbols and be familiar with accepted ways of writing them down

Advancement in mathematics increases the insight in the special symbolism
of mathematics. Torbe & Shuard (1982: 1) point out that the mathematical
expression

6+[]=10

in primary school, might be read as “six add something makes ten” or “six plus
a number equals ten” depending on the mathematical development of the
pupil. Pupils at the upper secondary school level can read and understand the
symbols in the following formula (Torbe & Shuard, 1982: 1):

~b +Nb 2= dac

2

X =

The compression of statements into the symbolic language and the abstraction
of formulas such as the above, may prevent pupils from progress in
mathematics. The authors state that the use of language in the mathematics
classroom, is usually not varied enough to stimulate pupils’ absorption of the
symbolic language, and thus, their mathematical reasoning. Since pupils have
difficulties in communicating mathematics they have difficulties in formulating
their thoughts because communication of mathematical thinking and the
function of language in communicating mathematics are strongly linked.
Mathematics is generally considered to be a language but the fact that
mathematics is approached through the medium of a natural language is often
ignored.

The language of mathematics is notorious for its use of specialised symbols
and different meanings ascribed to ordinary expressions. Skemp (1987: 47-53)
also discusses the function of symbols in communication and recording
knowledge. A concept is inaudible and invisible, i.e., a mental image. Since it is
impossible to observe the contents of somebody else’s mind, and others cannot
enter one’s own, it is natural to use audible or visible media. A symbol, a
sound, or something visible, is related to an idea which represents the meaning
of the symbol. As long as two people associate a symbol to the same concept a
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statement involving this symbol can conjure up the memory into their
consciousness and they can “think of” this concept at the same time. Once the
proviso is formed its meaning is expressed by symbols, and the two are
regarded as a unit. However, what is meaningful to one person may not be so
for another since the same meaning may not be attached. For instance, the word
braces may refer to a pair of straps which hold up one’s trousers for a Briton
whereas an American may think of a pair of curly brackets { }. We often take
communication for granted, even though it is a precarious and inaccessible
process to study. Skemp (1987: 47) states

(a) that the symbol and the associated concept are two different things,
(b} that this distinction is non-trivial.

Thus, if an object is attached to another term the object itself is not changed.
Take five, cing, 5, V, 101 which all refer to the same number. Five is not labelled
as an English and cing as a French number, the same is true of 5 as an Arabic
and V as a Roman number. Teachers often ask pupils: “Turn the binary number
101 into a decimal number.” This question is not about changing the number
itself in the process of denoting it in a different way. In translation from French
to English we try to stick to the same meaning though the words are different.
Nevertheless, the term binary number hints that being binary is a characteristic
just like being even, prime or an integer. When we are uttering a symbol we like
to draw attention to the idea behind the symbol, rather than to the symbol
itself. The written symbol for a number is labelled numeral. Binary numerals
can be used to represent any number.

Our knowledge and our ideas perish when we die unless we have
communicated or recorded them. Questions and explanations can naturally be
articulated in spoken communication whereas written or printed symbols
convey all the information in writing with no verbal checking whatsoever. In
writing, it takes more effort to ensure no misinterpretation but there is a
permanent record to turn to. Mathematical concepts have advanced for a long
period and are stored by written and printed symbol systems and lately by
other methods, for example recording tapes, cinematography and microfilm,
and the additional explanations of teachers makes the digestion of mathematics
feasible for students who have to synthesise ideas and in some situation form
new knowledge and add it to their mental storehouse (Skemp 1987: 47).
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A situation where each symbol relates to one concept (see Figure 3) does
not cause ambiguity.

Figure 3. Symbols and concepts

Symbols L ] ® ®

Concepts )k X ;(

{Skemp 1987: 50)

However, this arrangement is seldom found in reality.

Mathematicians do not always create new symbols but use letters of the
Roman and Greek alphabets, punctuation marks, and similar notations. Hence
a symbol (see Figure 4) may represent many separate concepts.

Figure 4. The meanings of symbols in different contexts

Symbol Field

Concept
Hearer Farmer Cricketer Mathematician Physicist

(Skemp 1987: 51)

The term field can be associated to a variety of concepts when people are
familiar with the topics involved. Farmers, cricketers, mathematicians, and
physicists may have different views of the concept of field. The speaker or
writer must use other symbols to draw forth a relevant mental image.
However, there is seldom confusion since the term is generally used in a
particular context and the topic is then understood. See figure 5.
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Figure 5. The conceptual structure

Schema Field

Topics
{Schemas)

(Skemp 1987: 51)

In this case the speaker must use other symbols to focus upon a relevant

conceptual structure. The conceptual structure must be known by the learner

and every symbol must represent one idea. The term line can be interpreted as:
(a) a line with indefinite length, extending indefinitely in both directions; (b) one

which starts at a given point and extends indefinitely in one direction from it; and
one which is of finite length, bounded by two points. (Skemp 1987: 52)

These meanings can be organised as line, ray, and line segment. One symbol
must associate to one concept. However, the meaning is crucial and requires
each symbol to relate to one meaning.

In a given context one symbol should associate to one concept. However,
the meaning, or associated concept, and the condition that each symbol relates
to one single meaning is usually an advantage. If one person chooses a word
that the other one does not understand, he/she can change to another word.
The choice of symbols makes it possible to recognise different classifications of
the same idea (see Figure 6). This recognition clarifies various aspects of the
idea, and the one suitable for our purpose.

Figure 6. The relations between symbols and concepts

Symbols Concepts
We must have this ® =Y
not this >4
But, perhaps
surprisingly
this g

is even better

(Skemp 1987: 53}
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This recognition makes it easier for us to recognise the same notion in different
ways. It is of utmost importance to be clear about the context in which a
language is used.

Skemp (1987: 61-62) describes the usefulness of routine problems. Progress
in mathematics requires automatic elementary processes in order to pay
attention to new ideas also which must become automatic. The problem-solving
process may be reflective, if there is no, or little, attention to routine
manipulations. The consequence for mathematics is the detachment of symbols
from their concepts for the purpose of manipulating them with no
consideration to their meaning. It is necessary to separate the automatic
performance of routine exercises from the mechanical manipulation of
meaningless symbols. Mathematicians can stop in order to consider the process,
and be capable of passing from one form of activity to another. The use of
symbols contributes to the power of mathematics, but without the ability to
interpret them they are meaningless.

The role of symbols varies in different contexts and symbols can be either
the recording of knowledge or a combined level for identifying and
manipulating concepts. A mnemonic is intended to help you to memorise
certain rules, whereas a formula includes the structure of what is remembered.
It is possible to reconstruct comprehension from a formula. Symbols first, then
meaning, is an order that can be changed. The recall of a conversation or a text
is often expressed in people’s own words, and teachers instruct their pupils not
to memorise the result, but to reconstruct it when needed. This is the case with
the equation of the tangent to some particular curve. Also, it is easier to
memorise symbols with meaning. In mathematics, the store consists of
conceptual structures related to symbols (Skemp 1987: 62-63).

2.4 The meaning of words in the mathematical classroom

Everyday language and mathematical symbols are combined in mathematical
discourse. Special meanings are assigned to everyday words and the problems
these new meanings can cause must be considered. Consequently, the
familiarity with the vocabulary of mathematics is necessary. The control over
the mathematics register is central for the understanding of mathematics.

The mathematics register includes discourse and so communication about
mathematical ideas. Objects and processes take centuries to develop and new
terms are added. Pimm (1987: 77-79) points out that different branches use
special terms which have no meaning in everyday language, and therefore are
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unheard. Such words comprise tort, and estopped in law, clefand breve in music,
byte and pixel in computing, and quadrilateral, parallelogram, hypotenuse in
mathematics. Mathematics and other disciplines use ordinary language when
communicating ideas, concepts and problems within the discipline. The
mathematics register uses words such as face, degree, relation, power, radical,
complete, integrate, legs, product, moment, mean, real, imaginary, rational, and
natural, but interprets their meaning and gives each word a strict meaning
expressed in definitions. The words some, all and any can be tricky. Pimm (1987:
79} refers to Tall (1979) who looked into undergraduates’ understanding of
words. He found out that many students considered some and all contrastive,
rather than inclusive, i.e., some involves not all. One problem with the word any
can be underlined with the following illustration. Take, for example, these
questions:

Is there any even number which is prime?
Is any even number prime? (Pimm 1987: 79)

The first question appears to be clear, and can express a feeling of despair in not
recognising many odd primes but no even ones whatsoever. The second
question can be understood in two different ways:

Is any {one specific) even number prime? Answer: Yes, 2is.

Is any (i.e. every) even number prime? Answer:  No, almost all
are not prime.

{Pimm 1987: 79)

Mathematicians normally let any represent ‘every’ which may contradict its
everyday use.

There might be a difficulty with grammatical connectives and operators as
and, or, and not. Pimm (1987: 80) refers to Stubbs (1983b) who investigates
mathematics influence on double negation, the pseudo-algebraic view of language,
correspond to the logical operation of negation with not. He emphasises the fact
that certain languages, for example French and Spanish, accept double negative
markers. The utterance “I don’t know nothing” is commonly considered to be
illogical in a standard form, whereas nothing is either intensifying “I don’t
know” or being required, in some non-standard forms of English. There are
some similarities to the mathematical application of the word if in English: If
you want to go to Australia, then you can get information from the Australian
Embassy (see Pimm 1987: 81). This statement can be considered to be incorrect
under the pseudo-algebraic view since its logical reversal “If you cannot get
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information from the Australian Embassy, then you do not want to go to
Australia”, does not have the same content as the original statement.

Terms such as tangent (touching), secant (cutting), or the graphic relation-
ship described by curves osculating (kissing) mirror images in technical
expressions, but have unique definitions within mathematics. Without the
knowledge of their Latin origin technical terms seem to be abstruse and thus for
a teacher it is important to know and spread this knowledge to all students.
Metaphorical use in mathematics is illustrated with carrying in arithmetic, face
in three-dimensional geometry, and the role of geometric words in non-
geometric contexts, for instance the reference of numbers as trigngular or square.

The examination of Skemp (1987: 53-57) concerns the interpretation of
words and phrases in everyday and mathematical use. The acquisition of a
primary concept can be approached with the words “This is a ...”; no symbols
are used for the introduction of the concept red. Red tie, red book, red pencil, red
light show various aspects of the concept. Instinctively, the learner combines the
invariant property with the invariant word in the learning process. A secondary
concept, on the other hand, requires the connection between an appropriate set
of examples and the corresponding terms, in the learning mind. Red, blue, green,
yellow—these are all colours. Learners may be stimulated to discover common
aspects in various examples. Mathematical concepts all belong to the last
category, secondary concepts. In a geometry class, the question “What is a
kite?” could be a good starting point. The reply could be formulated as “A
quadrilateral with two pairs of adjacent sides equal.” Illustrations of the new
concepts (see Figure 7), should be given before a deeper understanding is
gained. Sketching may stimulate the learning process.

Figure 7. A quadrilateral with two pairs of adjacent sides equal

(Skemp 1987: 54)

The acquisition of a concept cannot be thorough without examples. An
experimental explanation stimulates the process of classifying and a relevant
set of examples seems to inspire a need to apply the new ability.
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Skemp (1987: 55) considers the usage of different names for a single object.
For instance, the same man may be addressed Mr John Brown, Sir, The right
honourable man, Uncle Jack, Daddy, or John and the same angle can be categorised
as the angle vertically opposite to ... or as the third angle of a triangle
depending on the situation. Also the same number can be expressed as the
square of 8, the cube of 4, or the square of 10 minus the square of 6 and can be
represented by symbols by 82, 43, 102 — 62, Here different symbols centre upon
different properties of the same object. The expression 4x2 + 12xy +9y2 , where x
and y are numerical variables, exemplifies a number. By writing 4x2 + 12xy +9y2
= (2x + 3y} we see that it represents a positive number. Classification does not
say how to treat each item in the group. All the same more classification
possibilities indicate a greater number of problems to solve. The more symbols
can be related to the same concept the more classification possibilities there are.

An explanation is a depiction of something in order to be understood.
Skemp (1987: 56) points out that words such as function, image, and group can
denote the everyday and the mathematical sense of their interpretation. Lack of
grasping a particular thought could be a consequence of considering the
different associations. For example, if the representation of the symbols

a=qg-a,
ad=a-a-a,

leads directly to a™ - a” = am+7 it would probably result in a feeling that this
explanation was described too fast. The intervening stages should not be
rushed into making the idea satisfactory. Similarly, there might be confusion
about the interpretation of terms, since they connote different things in the
mathematical settings and everyday situations. Pimm (1987: 90) observes that
answering the following question “What is the difference between 24 and 9?“
one nine-year-old said “One is even and the other’s odd” whereas another
explained “One has two numbers in it and the other has one.” These children
do not interpret the word difference in its mathematical sense, which involves
the concept of subtraction. It is likely that pupils have heard that “all numbers
are either odd or even”, and at another time that fractions are numbers. The
combination of these two statements may lead to the conclusion that numbers
are either odd or even. Pimm (1987: 10) cites Harvey (1983: 28) who exemplifies
with two pupils, David (D) and Robert’s (R), discussion about the mathematical
meaning of odd and even. RH is the questioner:
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Fifteen’s odd and a half’s even.

Fifteen’s odd and a half’s even? Is it?

Yes.

Why is half even?

Because, erm, a quarter’s odd and a half must be even.
Why is a quarter odd?

Because it’s only three.

What's only three?

A quarter.

A quarter is only three?

That’s what I did in my division.

Yes, There’s three parts in a quarter like on clock. It goes five, ten, fifteen.
Oh I see.

There’s only three parts in it.

PETOEVEREOETE

Previous knowledge influences these pupils’ meaning of the words involved.
David takes into account the fact that any two odd numbers when added
together, make an even number when he insists that “a quarter’s odd and a half
must be even”. It is not certain how a teacher could approach a situation such
as this to convince and persuade David to understand the convention of
fractions as odd or even.

The construction of meaning in mathematics related to the process of
metaphor is much more significant than the treatment of individual words. The
connotation of halving is a procedure of division into two pieces, which may not
be equal and as a consequence somebody would like to have the larger half.
The expression a fraction of its former cost centres upon the fact that a fraction is
small and less than one. Top-heavy refers to fractions such as 7/3, and concerns
instability. Reducing fractions to their lowest terms concerns a transformation,
but the value of the fraction is unchanged. The first response considering
metaphors in mathematics centres upon their unreliability and is thus
unsuitable in the mathematical setting. Pimm (1987: 1) emphasises that
metaphors are as essential to mathematical expressions as they are to
expressions in an ordinary setting.
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~ 2.5 Metaphors in mathematical thinking

Pupils achieve competence when applying mathematical ideas. Metaphors
stimulate the learning process and clarify concepts since talking of one concept
in terms of another deepens the experience. Metaphors facilitate mathematical
thinking.

The use of language in set exercises and particularly in examinations is
discussed by Bell et al. (1988: 281) who clarify the position of reading and
linguistic capacity in ongoing mathematical activity in the following model:

Diagram 1. A model of reading and linguistic ability

Understanding Understanding
of real . of mathematical
situation relationship
Description of Expressions of mathematical
situation in relationship in symbols and
(written) words precise terminology

(Bell et al. 1988: 281)

Realisation of algebraic relationships requires this kind of process, and at
times, it is useful for the identification of arithmetical procedures in word
problems. The left-hand side of Diagram 1 considers interpretation. The top
arrow is an abstraction or occasionally, modelling process. The right-hand side
centres on the role of symbolism and special terminology. The choice of
mathematical operation is affected by specific key terms. Word problems are to
explain the fundamental mathematical relations in a particular situation,
without consideration of verbal information. This kind of progress does not just
concentrate upon a translation from a natural language, for example English,
into mathematical symbols. The translation from one natural language to
another does not just consist of verbal cues, as it involves interpretation and
representation. There are many ill-considered illustrations about word-by-word
translations, but none whatsoever in mathematics. Mathematical concepts are
worthy of attention; there has already been a focus upon the context. Bell et al.
emphasise that the arrows can also be directed the other way in the model of
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Diagram 1 because mathematical activity requires moving back and forth. In
order to comprehend the function of the mathematics register it is necessary to
be aware of the metaphorical influence, i.e., the transference of words from
everyday use and the metaphorical extension.

Gibbs and Orton (1996) express their concern for the usage of language in
schools, and discuss the importance of metaphors. If pupils know what parcels,
shorthand and balances respectively mean, then the following phrases are useful
metaphorical expressions to elucidate the mathematical concepts of matrix,
algebra and equation: A matrix is a parcel of numbers, Algebra is a shorthand, and
An equation is a balance. The usage of a for apples and b for bananas in an
introductory stage may cause confusion since it does not explain the fact that a
and b represent numbers.

According to Pimm (1987: 95), metaphors take part in mathematicians’
discussions:

* by describing expressions vanishing,

* functions obeying a rule or being well behaved,
* the inheritance of mathematical properties,

¢ discovering mathematical laws.

Since mathematicians are accustomed to these kinds of expressions they may
not realise the difficulty of interpreting them.

Pimm (1987: 95-98) considers extra-mathematical and structural metaphors
being of interest in mathematics education. The former term tries to see
mathematical ideas and processes from the aspect of real-world situations, and
is exemplified with a graph is a picture, or a linear equation is a gear. The latter
term considers metaphorical extension of notions from within mathematics.

Sfard (1994: 45) emphasises that it is wrong to treat mathematical
comprehension as unique without considering general theories of meaning
because the matter of understanding pervades all aspects of life, not just
mathematics. Mathematical notions in textbooks are usually approached in an
object-oriented way and their entities and properties originate from material
objects. Functions may be described as increasing or decreasing, a field closed or
open, and a model or a theory saturated or stable. The connotation of existence to
abstract ideas, as in existence theorems, mirrors the metaphorical orientation of
abstract concepts. Sfard (1994: 48) refers to Greeno (1991) who has ontological
metaphors in mind when he matches understanding mathematics with
“knowing one’s way around in an environment and knowing how to use its
resources”.



Every now and then Sfard (1994: 48) recognises metaphorical thinking, in
her discussions with mathematicians who express their profound under-
standing of mathematical concepts. They have an ability to “identify a structure
that [one is] able to grasp somehow”, or “to see an image”, or “to play with
some unclear images of things”. One of her interviewees is actually using the
term metaphor as in the following statement:

To understand a new concept I must create an appropriate metaphor. A

personification. Or a spatial metaphor. A metaphor of structure. Only then can I

answer questions, solve problems. I may even be able then to perform some

manipulations on the concept. Only when I have the metaphor. Without the
metaphor I just can't do it ... (Sfard 1994: 48)

This particular person is concerned with spatial elements in conceptualisation,
but all three interviewees emphasised the worth of “seeing a structure”. This
expression focuses on the nature of every subject matter with no reference to
external objects of any kind, i.e., metaphors connect a given idea to experienced
concepts. The understanding of abstract things develops from appropriate
metaphors or figurative images from experiences in the world. The
understanding is gained from reification, a transition from an operational to a
structural way of thinking, and is central to mathematical thinking. (See further
Sfard 1994: 52.}

2.6 Summary

The connection between mathematics and language is complicated and covers
talking about mathematics, expressing mathematical thoughts, and their
underlying ideas. It is illuminating to consider various aspects of how
mathematics and language are related since the learning of mathematics cannot
come about in the absence of language. When people think and talk about
mathematics they use ordinary language.

Metaphorical expressions are enlightening and extend students” mathe-
matical thinking. The treatment of mathematics influences the understanding of
mathematical ideas. It is possible to respond to a task without being able to
define the terms used. Students may be confused by the different meanings of
words in the mathematical and everyday use and the register in use must be
explained. Mathematical texts include definitions of concepts but perhaps lack
the explicit mention of the fact that the definitions might not coincide with the
everyday meaning of the concepts. Students’ linguistic skills must be utilised in
their mathematical development.
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CHAPTER 3 COMMUNICATING IN THE
MATHEMATICS CLASSROOM

3.1 Introductory notes

Communication enhances a personal understanding of mathematical reasoning
and transmits mathematical concepts. Talking, listening, reading, and writing
about mathematical reasoning help students to digest their own thoughts and
give teachers insight into their students’ ways of thinking. Students become
more reflective and expressive when they learn how to communicate
mathematically. True and open communication with others on various ways of
solving problems empowers them. Activities that require students to speak or
write using mathematical concepts can be designed to stimulate their learning
process. It is stimulating to express orally, or in writing, what has been
previously thought. Oral and written communication integrates learning with
past knowledge and students are forced to reflect on their own thinking.

3.2 Oral communication

Mathematical reasoning by communicating orally is central to the learning
process. Discussion makes mathematics into an understandable and relevant
subject. It is important for students to learn how to explain their reasoning
clearly. Oral communication is invaluable for gaining insight in and greater
awareness of one’s own reasoning since the articulation of mathematics clarifies
the structure of thoughts.

Pirie (1991: 143) distinguishes between peer and teacher—pupil discussion,
and draws attention to pupils” way of talking to each other in the mathematics
classroom. The role of the participants and their contribution and interactions,
their interest, interpretations, and the problem-solving strategies they present
are some areas worth analysing. The author analyses peer discussion and
divides it into five parts:

A. The girls explore the meaning of the problem statement, by attending to its

language and general possible truth.

B. They attempt to come to grips with the truth of the statement and are led to an

apparent contradiction which they are able to resolve for their purposes.

C. They move on to trying to generalize using algebraic representation and this

results in some close discussion of meaning and symbolic writing.

D. Here follows a lengthy, heated, at times acrimonious, argument about writing

mathematics when they come to test out their generalized statement. From
considerations of space, this section has been omitted except for brief

passages.
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E. Agreément is reached on a concluding action and all three are satisfied that
they have solved the given problem. (Pirie 1991: 146)

Glimpsing at pupils’ talk, teachers might come to the conclusion that pupils are
concentrating on their assignment. However, a closer examination shows that
the pupils are talking about their interpretation of the assignment. Pupils have
to struggle with the differences between spoken and symbolic written
language; verbal interaction in the discussion influences the problem-solving
process and with no teacher present the pupils are conscious of and combine
both forms. These children are well aware of the so-called mathematics register.
Children may not be certain of which register they should use, and may
wonder if classroom discussion, teacher—pupil dialogue, and everyday
language are still appropriate. There might be too many linguistic rules
involved in the problem-solving process for novices. The absorption of the
unspoken answer of a discussion influences pupils’ success in problem-solving.
There is a grey area between the symbolism of mathematics and ordinary
language. Spoken language develops over time whereas the symbolic language
of mathematics basically remains the same in the realm of mathematics, and
thus the relationship between them must change. Having this in mind, Pirie
(1991: 158) writes: “Wrong assumptions of pupils’ meanings can lead to
unproductive teaching or, worse, misinformation by the pupils of their concept
links.”

Hoyles et al. (1991: 162-163) categorise the role of discussion into four
interrelated parts. Here is a summary of their ideas:

* Distancing. Articulation provokes a representation and an organisation of
one’s thoughts. This process leads to a new conscious level of thoughts
where they can be transferred into objects of reflection and modification.
The distancing from intuitions, not clearly defined, is probably improved in
a discussion with others, and the ideas become more clear. Distancing can
be exemplified by a discussion of one’s action which can then reveal the
rules that control the actions.

* Conflict. Some view peer discussion as a tool for causing a cognitive conflict,
i.e., a conflict between two different aspects which can cause re-evaluation
of the first impressions. Hoyles et al. refer to Mugny et al. (1981) who
suggest that social and cognitive conflict conditions are essential, but not
sufficient, for the efficacy of a social interchange. Hoyles et al. also refer to
Doise & Mugny (1984) who stress the fact that group cognition can be seen
as a step between a pupil’s intuitive comprehension and a more in-depth
comprehension.
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* Scaffolding. Here Hoyles et al. bring up the ideas of Vygotsky (1962) who
considered individual conscious awareness to be an internalised
consequence of social interactions. There is a transformation from an inter-
psychological to an intra-psychological stage. This development is
characterised as a distance between what one can do all by oneself and
what one can to together with others. In this theory, discussion has a
scaffolding role in relation to assignments and understanding.

* Monitoring. Metacognition is considered to be rational. According to the
authors, the monitoring role of discussion is important “in the regulation
and direction of the activities of the group” (see Hoyles et al. 1991: 163). The
exchange of thoughts in monitoring and examining each other’s actions has
the purpose of the activity in mind in describing and trying to win other
group members over.

Like conversation in general, communication in the mathematics classroom
consists of unfinished utterances. Teachers very often try to explain general
patterns by using examples. There will probably be many discussions and
revisions before all participants have understood the expressions. Pimm (1987:
25-28) distinguishes between two major reasons for pupil talk; talking for
oneself and talking for others. Talking for oneself illuminates the mental picture
of an idea: expressing the image aloud\keeps it still for a while and the pupil
can then see if his/her idea works. These types of vocalisation oppose social
and school conventions where, for instance, a pupil is supposed to work
silently and not disturb the others but in reality, self-muttering can stimulate
the learning process where inner exploration is central; pupils must formulate
their reasoning. The use of words is needed when talking aloud, but while
thinking for oneself, generally, the words just pass by with no consideration
whatsoever; articulation stimulates the thought process. It is very common that
teachers ask questions where the answers are evaluated. This particular
structure, the sequence initiation response—feedback, is applicable to many
classroom discussions where teachers often control the situation and initiation.
Speaking in public can exert pressures on pupils, especially if they are
addressed by name. Nevertheless, this kind of teacher—pupil discourse is not
the only talk when a teacher is present. When pupils are talking mathematics,
the presence of teachers may be perceived as an interference because the
teachers often relate to the form instead of the meaning. Pupils need
encouragement in order to be conscious of how to expand their efforts. Pimm
(1987: 32) stresses the following:

One particular item in need of attention is the sense of self-sufficiency in the
expression or explanation which allows it to stand independently of the forgoing
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discussion. How to contend with this tension may be one of the central dilemmas
of communication facing teachers of mathematics.

Pimm (1987: 38) refers to Brown (1982) who claims that the forms and styles
of speech are strongly linked with the function of the speech in question. In her
categorisation speech can be either message-oriented or listener-oriented. In
message-oriented speech, where it is important that the listener grasps the
message properly, the speaker is very well aware of the purpose of the speech
and would like to convey a particular idea. This kind of speech ought to be
enlightened in schools. On the other hand, listener-oriented speech considers
forming and keeping good social relations with the listeners. Pimm (1987: 39)
underlines that if “pupils are to become proficient as active listeners, then they
need to have access to the acceptable forms, as well as to know and value the
purposes of using them”. The classroom environment should make pupils
more aware of the usefulness of message-oriented speech which considers a
more structured conveyance and contains words such as because, therefore,
consequently, etc., but also more specified words such as vertex and angle.
Brown (1982) believes, as stated by Pimm (1987: 40), that every pupil is fluent in
listener-oriented speech, while message-oriented speech must be overtly
experienced. Thus the linguistic form is a tool to achieve a more exact
expression.

Pimm (1987: 43) claims that pupils are usually listening to the teacher and
mainly see mathematics as passive and oral. Although the teacher’s speech is
message-oriented, pupils may think that it is central to maintain good relations
with the teacher and so they receive the teacher’s talk in a listener-oriented way
where interruptions are rare. Teachers must try to train the active listening
skills of pupils, so that the pupils themselves can take over some of the
teacher’s critical role. Pupils have to be conscious of different perspectives of a
situation, and of monitoring the rest of the group to gain insight in what has
been said. Critical thinking and verbal fluency are two significant ingredients
which teachers must help their pupils to advance. There should rather be an
emphasis on how pupils solved a task than on their answers. Pupils must have
a chance to practise explaining, justifying, and expressing their own percept-
ions. Pimm (1987: 43) writes:

It is equally important for a teacher to attempt to increase the active listening skills

of pupils, so that pupil—pupil discussions may be more than casual conversations.

Pupils need to become aware that there are different ways of seeing situations,

which may all have merit, and also that it is important to monitor the rest of the
group to see whether or not what has been said is clear.
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Mathematical tasks pose questions. Kerslake (1982: 41) claims that
discussions help pupils to gain deep understanding of the words involved and
what they represent. Even though words are defined, it takes some time for
pupils to digest the mathematical terminology, in particular because
mathematical concepts are abstract and consequently complex. Many of the
words used in a mathematical situation are difficult to understand and
therefore it is of paramount importance to consciously discuss the meanings of
the words which are central in mathematics. The learners also have to
formulate the processes which result in definitions. The explanation of five for
young children is exemplified. However, it is not certain that the children have
understood the explanation. The talk of teachers is important since many
textbooks contain restricted examples and therefore teachers have to widen
their pupil’s experience. Kerslake (1982: 42) discusses the notions of a right
angle which usually looks like this in textbooks:

.

(Kerslake 1982: 42)

and a consequence is that many pupils do not see the following angles as right

. /™

(Kerslake 1982: 42)

angles:

She presented a number of angles in various orientations, for children aged
seven to ten, and asked them to pick out all the right angles. The percentage of
children picking out the following was:

B LJ/\/\\

92.8% 892% 67.7% 62.3% 61.1% 59.9%
(Kerslake 1982: 45)

This result verifies that teachers need to include various examples in their
discussion. Pupils who are accustomed to their teachers’ talking about right
angles in woodwork, movement lessons, and in practical measurement tend to
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have a broader view of the concept. The first stage in problem-solving involes
the translation of the text into everyday language. When pupils get stuck on a
problem the teacher usually asks them about the purpose of the problem and
what they have done so far. The formulation of what he/she has done may be
enough for the child to realise whether one approach works correctly.

Kerslake (1982: 50) emphasises that verbalising mathematics, whether it is
aloud or silently, is important. That is why teachers must create an atmosphere
where thinking aloud and going through the thought process is natural. Wrong
leads, pauses for reflection, and the changing of direction do not appear in
textbooks and so teachers have to point them out to their pupils; textbook
examples often do not show struggles which usually go hand in hand with
problem-solving. Teachers can present a solution to a problem and then analyse
each step in order to make pupils understand mathematical reasoning.
Children may follow their teachers and be aware of their own thought.

Despite the fact that mathematics is about problem-soiving, school
mathematics focuses upon the acquisition of knowledge and the application of
techniques; there is a structural perspective on the subject. Kerslake (1982: 55)
observes the difficulties in assisting pupils with problem-solving by not telling
enough so that pupils still can feel the joy of finding a solution. The author
describes a situation when a group of children has been constructing a set of
polyhedra, and listed the number of their faces, vertices, and edges (see Table
1)

Table 1. The number of faces, vertices and edges

Faces Vertices Edges
6 8 12
8 12 18

(Kerslake 1982: 55)

Then the teacher asked the children to generalise this pattern. The group was
divided into those who saw the pattern, and those who did not. The teacher
had to prevent those who knew, to reveal their solution because those who had
not seen the answer must have a chance of experience the pleasure of finding it
by themselves. Teachers must learn how to deal with a situation like this and
accordingly give appropriate hints and ask suitable questions. Here Kerslake
(1982: 55) proposes some questions teachers could ask: “Which column contains
the largest numbers?”, “Suppose we look at the number of faces and the

41



number of vertices together?” or if all else fails “What happens if we add the
number of faces and the number of edges each time?” First teachers’ questions
should be open, but then, they should try do direct their pupils into their own
modes of thinking. There is a difficulty when pupils are working in groups, and
when a particular pupil is stuck in the middle. Kerslake (1982: 66) outlines five
points which consider many virtues of good questions:

Stimulate interest and encourage pupils to take an active part in the lesson.
Arose curiosity and encourage children to make hypotheses.

Encourage children to verbalise problems.
Encourage children to learn from each other—by listening to other’s contri-

butions.
Help to monitor children’s progress.

Uk e

Mathematics is generally not seen as a subject that inspires freedom of
choice and self-expression. Kerslake (1982: 79) claims that teachers “need to
adjust to the natural language of the children in the classroom as well as
expecting the children to adjust to the more formal language of mathematics”.
Teachers transmit mathematics informally in their own way. Since children
may encounter various teachers, each with his/her own style of talking, it is
significant that children realise that they cannot write these informal styles.

Greenes & Schulman (1996: 159-160) emphasise the significance of
reasoning, problem-solving, and communication in the mathematical class-
room. They single out five central aspects of the ability to communicate:

* express ideas by speaking, writing, demonstrating, and depicting them

visually in different types of displays;
* understand, interpret, and evaluate ideas that are presented orally, in writing,

or in visual forms;

* construct, interpret, and link various representations of ideas and
relationships;

* make observations and conjectures, formulate question, and gather and
evaluate information;

* produce and present persuasive arguments.

Communication is a way of explaining pupils’ reasoning and compre-
hension and by communicating, pupils illuminate their thinking, what they
know and what they do not know. The authors separate short-term explorations
from long-term investigations. Short-term explorations are used in a classroom
situation where pupils can work alone or in pairs; this kind of exploration
involves certain stages. First children describe their observations, justifications,
and documentations in their mathematics journals. The authors illustrate these
explorations with the following task where pupils in a grade 1-2 class are
supposed to work in pairs (see Figure 8):



Figure 8. Footprints of two people
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Draw pictures of the people who made these footprints. Tell how the people are
the same. Tell how the people are different. (Greenes & Schulman 1996: 160)

After having drawn pictures, the pupils characterised, compared, and
distinguished between the people, and the following excerpt shows their
conversation:

Dana: The small feet are children. The big feet are parents.

Jennifer: I think the little feet are mothers and the big feet are fathers.
My father has real big feet. He can’t buy shoes in a store.

Bobby: My mother has big feet too. They are bigger than dad’s feet.
Dana: My mother doesn’t have big feet, but she is tall.

Lisa: My father is not tall for a man.

Jennifer: Well, I think for sure that the small feet have to be children’s.
Lisa: So the big feet belong to someone who is older.

(Greenes & Schulman 1996: 161)

These children identified variables such as age, height, and gender that help to

describe the differences in foot size. As the discussion proceeded, the teacher

wrote down the variables on a blackboard and directed the pupils’ attention to

the relationship between foot size and height and between foot size and gender.
Multiple answers can occur in a problem such as this:

Figure 9. Various polygons

AL

Which shape does not belong with the others? Why? Could there be a different
answer? Explain. (Greenes & Schulman 1996: 161)

C D

There was much discussion and pupils excluded for example shape D because
it does not have any two sides that have equal length or any two angles that are
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the same. They excluded shape C because it is the only square. The teacher
suggested that A did not belong even though she did not give the mathematical
reason and continued “But you could say that it’s pushed in. It looks different
from other shapes” (p. 161). This explanation inspired the pupils to discover
new reasons for excluding other shapes and their reasoning was now based
upon the concept of symmetry. From this kind of discussion the teacher could
see what the pupils knew and where to help them. Although the children did
not know the words convex (“pushed-out”) and concave (“pushed-in“) they
were aware of their meaning and the concept of symmetry.

Ninth-graders were presented with the following task, and different pupils
solved it in different ways:

Amy has the same number of sisters as brothers. Her brother Jason has twice as

many sisters as brothers. How many children are in the family? Describe the

thinking steps you followed to solve the problem. (Greenes & Schulman, 1996:
162)

Most pupils were generating guesses, checking, checking guesses with the
given conditions, modifying guesses and checking them again until it all
matched. However many of them first had approached the problem
algebraically before they turned to the guess-and-check strategy. A small group
of pupils managed to reason algebraically.

Long term investigations include five major processes which might be used
several times:

(1) The formulation of questions based on prior knowledge or observations.

(2) The collection of data and other relevant information.

(3) The organisation of data and information for inspection and analysis.

(4) The analysis of data.
(5) The presentation of results and conclusions. (Greenes & Schulman, 1996: 163)

Communication through speaking, writing, visual presentations, or electronic
technology are central in these processes.

3.3 Written communication

Writing reinforces mathematical thoughts, makes them comprehensible, can
improve the learning process, and encourages new attitudes towards
mathematics. The ability to write logically is interconnected with the formation
of mathematical ideas. Writing deepens the absorption of a topic and offers
students possibilities to communicate mathematically.



The writing process generates analysis and synthesis of information,
attention to thinking, and the realisation of relationships between bits of
knowledge. Writing involves many processes which teachers would like their
students to be engaged in, and thus, it can be a helpful tool within various
branches, traditionally not associated with writing. Writing can make the
understanding of mathematics easier. Pearce & Davison (1988: 6) outline five
instructional approaches to mathematics where writing is useful:

(1) Having students write their own definitions, which gives students the chance

to describe something in their own words;

(2) Having students translate symbols, formulas, and problems in words;

(3) Having students write the steps or processes involved in solving a problem;

(4) Having students make up and write their own story problems;

(5) Having students write reports on important people and events in mathe-
matical development, from concept acquisition through problem solving
abilities.

Analysis, synthesis, reflection, and precise thought in mathematical
thinking are developed in the writing process. Pearce & Davison (1988: 8)
underline the significance of students’ participation in the composition process
and sketch three aspects:

(1) Prewriting (where ideas are generated, an author identifies what he or she

already knows about the topic, and where a writer establishes goals);

(2) Drafting (where an author actually writes);
(3) Revision (where an author rewrites what has been written).

However these aspects may not be easily distinguishable or linear since
learning experience is strongly connected with writing.

The production of written story problems may not result in what the
teacher had in mind in the first place. The instructional support of teachers
may improve the prewriting stage, and students can approach the stage
differently. Pearce & Davison (1988: 8) refer to Fenell & Ammon (1985) who
present prewriting ideas for story problems; a picture or a numerical table can
be a stimulus for students to pose questions before they compose problems
based upon the stimulus. Teachers can also inspire their students by talking
about each aspect while the students are formulating the problem. Prewriting
assistance forms ideas, helps to focus thought, hints what is expected and how
to reach the goals. Instructional support may consider students’” way of revising
their writings.

Students must have a chance to rewrite and correct errors while they are
writing story problems. Revision efforts can be generated by the teacher’s
reaction to problems and students’ working on their own. If a problem is

45



unsolvable the student can rewrite it, or solve and rewrite another student’s
problem. Rewriting a problem forces the student to reflect upon and change the
text and consequently stimulates new learning. Writing activities are of great
value when students have an audience in mind. They can construct problems to
an uninformed third party and thus, the problems are more clearly formulated.
Pearce & Davison (1988: 8) mention Evans (1984) who let her ninth graders
describe how to draw a 60 degree angle for the class hamster and Shaw (1983)
who recommend writing stories for younger pupils. Pearce & Davison (1988: 8)
emphasise the significance of writing in the classroom because writing “is a
useful way to deal with abstract ideas, provide review and reinforcement, and
break of routine of computation”.

The writing process in the mathematics classroom stimulates students to
personalise their learning. Mett (1989: 293) views journal writing as a way of
exploring the students’ comprehension and then assisting them appropriately,
and connecting new ideas with their experience. She exemplifies with the
athlete who can discuss the similarities between mathematical reasoning and
game strategies, the musician who can study the new understanding of
patterns in mathematics and music, and the business student who can see the
role of formulas for sales and profits. Students advance their mathematical
literacy through writing about mathematics. The author has met colleagues
who consider journal writing as extra work, and question its effects and its
contribution to a richer understanding. According to the author, writing is
beneficial in many respects that cannot be measured. Mett (1989:; 293-294),
introduces some guidelines for writing in all of her classes. Since most students
have not encountered journal writing she discusses three aspects of a complete
writing:

1. A summary of new material learned in class.

Students explain mathematical concepts with their own words. The writing
makes the students active participants. The student’s own interpretation
stimulates a personal relation to the concepts involved.

2. A discussion of individual work outside class.
Students show their progress and the teacher monitors it.
3. An analysis of connections, difficulties, and open questions.

Students can describe their frustrations by writing about their difficulties.
They can reflect upon the way new concepts are connected to other
branches of mathematics. Students ask questions and think creatively.
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Research'shows that writing improves the acquisition of mathematics. Abel
& Abel (1988: 155) refer to Taylor (1982), who have found that students who
wrote an essay about a specific statistical technique had a better result on a
traditional test than those who approached the subject traditionally. The
authors believe that the writing process makes students consider what they are
doing and as a consequence they are more involved. According to the authors,
it was found in Herrington’s (1981) study that writing influences the way the
students recognise new relationships, the creativity, and the ability to
communicate. They emphasise that “using writing in mathematics will not only
make students better writers but will also make them better mathematics
students” (see Abel & Abel (1988: 155). The authors refer to the findings of
Finke & Hightshue et al (1982) who assert that many teachers are worried
about the fact that the writing process will take over and the subject matter
itself will be neglected. However, it is important that teachers realise the
function of writing in the mathematics classroom, and the way it enhances
students’ performance. The relation between writing and success in a
mathematics-related career is usually ignored.

Abel & Abel (1988: 156~158) list different writing activities that stimulate
the learning process in mathematics. Here is a summary of their suggestions.

* Journals. Students record their feelings, questions, and descriptions of
processes they have been applying. Teachers can provide examples of
appropriate ways of writing. Teachers might have an insight in their
student’s feelings and understanding but should not mark their work but
write a note.

* Story Problems. Students can create story problems related to the concepts
currently in focus. These kinds of problems could be on a notice-board as a
problem of the day or week. This type of task illuminates the needed
information for a particular problem. Students could change some
conditions in a problem they cannot solve in order to concentrate on the
central concepts.

® Micro Themes. The task is to write short essays on note cards. The students
are encouraged to cooperate and are given the same task.

®  Essay Question as Homework. Students analyse different methods of solving a
problem, for example solving systems of linear equations by graphing,
eliminating or substituting.

® Dear Hector or Hector Letters. Students answer questions by classmates or
younger children which might be shown to others.

*  Test Items. Six to ten items for a unit test are described as an exercise.
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* Point of View. Students describe the experience of a mathematical symbol
such as “Zero’s feeling about having to be her own additive inverse and
having no effect in addition.”

* Interview a Mathematician. Students formulate some interesting questions to
a mathematician. In order to do so they have to do research to be able to ask
good questions.

* Paraphrasing. Students pick up some topics or problems which they can
rewrite and describe to others.

* Dictionary Entries. Students write down a term and give a mathematical
definition.

Similarly, House (1996) discusses the role of creative writing in
mathematics. The author emphasises the importance of a playful environment
where teachers can inspire their students to use different techniques. She
outlines the following possible approaches she has found helpful {see House
1996: 90-91).

®  Short, well-defined tasks. A good task is a good opener for writing activities.

* Newspapers or newsletters. Pupils can write a newspaper and each pupil takes
a role in the newspaper staff.

* Advertising campaigns. lllustrations in newspapers with short statements as:
“Buy Times or advertisement for television which may contain jingles.”

When pupils are aware of the usefulness of writing they can create new
things from the mathematical ideas they are currently studying. House (1996:
92-93) exemplifies with the following:

*  Rhymes for reason. Pupils can craft poems and limericks.

® Parodies. Nursery rhymes, fairy tales, and children’s stories are helpful and
approved of in the classroom.

* Songs. Pupils can think of new lyrics to familiar songs. This is a very
enjoyable variation of creative writing in a mathematics classroom.

®  Problems stories. Pupils can combine writing with the developing of new
problems.

The first reaction to these kinds of assignments was confusion, but later, House
(1996: 94) stresses, the pupils saw the connection with mathematics and were
eager to talk to each other. They enjoyed their classes while gaining a richer
understanding of mathematics. They realised the playfulness of mathematics.
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Thinking and talking play an important role in the analysis of pupils’
writing. Huinker & Laughlin (1996: 81-86) pose a strategy, called
think-talk—write, which is supposed to improve writing for both adults and
children in the mathematics classroom. Discourse gives the opportunities to
students to relate the everyday language from prior experiences to the language
of the classroom and of mathematics. Through the reasoning of mathematical
ideas pupils learn to see what aspects of a situation are important and what are
not. Conversation with others encourages the analysis of meaning to develop
further. The insight into others’ reasoning modifies the refinement, extension,
and validation of existing ideas and pupils grasp mathematics by talking about
experiences and expressing their ideas verbally. They become conscious of
what they know and what is missing. Discourse stimulates collaboration and
creates a good learning atmosphere in the classroom. When children have a
chance to talk mathematics often, they feel that their thoughts are valued. In
this comfortable milieu they might be stimulated to take risks and might help
each other.

The process of talking is learned from a very early age and is advanced all
through life. This makes talk a helpful prewriting tool as children discuss their
mathematical thoughts related to their experiences before they start to write
them down. The think-talk-write strategy consists of thinking, reflecting,
organising ideas before the writing process. When a writing assignment is
presented the pupils are, in most cases, first asked to start writing. The
think—talk—-write strategy, however, involves exploratory talk and pupils have
to think or reflect, talk, and share ideas with others before writing,.

Teachers notice improvements in children’s writing and a more fruitful
discussion after the use of the think—talk—write strategy. However, speech and
writing stimulate communication at all levels. Huinker & Laughlin (1996:
82-83) illuminate the think-talk—-write process with a third-grade lesson where
the concept of division was introduced. These pupils explored division
situations in small groups and then discussed their thoughts as a whole group.
Using the think-talk-write strategy the pupils described the concept. The
teacher proposes: “What is division? Think for thirty seconds about what
division means. No talking. Just thinking. I'll tell you when the time is up.” The
teacher posed a question which encouraged the pupils’ thinking and reflecting
on their own ideas. In the next stage the teacher says:

“In your groups, take turns explaining to one another what division means. Each

person should talk about thirty seconds. When one person is talking, the others are
listening. I will tell you when it's the next person’s turn to talk.” (Huinker &

Laughlin 1996: 83)
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The children were now discussing division.

It is important that all pupils have an equal chance to talk about the topic
and in doing so, their thoughts are clarified. The pupils learn how to listen
actively and consider others’ perspectives. The last stage involves writing. The
authors draw attention to the fact that two girls did not mention remainder
while talking. However, the term appears in their written pieces, and they were
probably inspired by a boy who talked about remainders in division. Listening
to others influences pupils to clarify, add to, and extend their own reasoning.

3.4 Summary

Communication is an essential element in the mathematics classroom. Oral
and written communication is important for the mathematical learning process.
Students are expected to describe and justify their solutions for teachers and
peers. It is instructive to formulate and articulate one’s new insights. Various
meanings and interpretations should be discussed. By encouraging motivation
through writing, teachers can help their students to advance their mathematical
competence. Writing strengthens mathematics as a creative activity and makes
pupils more confident in their thinking. Students’ attitudes to their work
influence their participation. Teachers must strive to encourage students to
analyse and synthesise mathematics.
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CHAPTER 4 CONCLUSIONS

The aim of this essay is to examine communication in the mathematics
classroom. Language from a linguistic standpoint is discussed. Different views
on the relation between language and mathematics are considered. I conclude
that it is obvious that greater awareness of the role of language in the
mathematics classroom is needed. Teachers have to consider the way language
works, since language can open up the world of mathematics. The everyday
language of a student is a central part in his/her development of mathematical
thinking.

Without an adequate language it would be impossible to formulate,
discuss, and communicate more advanced concepts. The arbitrary relationship
between sound, word, and meaning is central in gaining a deeper
understanding of linguistic structures. The use of language influences the
cognitive process. Many teachers often do not see the significance of language
in their own specific area. Consequently, teachers need to consider the
language dimension to help pupils learn how to talk and write comprehensibly.
Both mathematics and language are used to create comprehension and help us
ultimately to think and question critically. Words, thought, and action influence
our conceptualisation of the world and they have connections to reality.
Teachers must realise that words can cause problems; new words must be
introduced with great care since the function of language affects the treatment
of mathematics. Metaphors are a valuable tool for the digestion of mathematical
concepts. Teachers strive to improve their students’ mathematical performance
and in doing so students’ talk must be in focus. The new role of the teachers has
to be quite different from the traditional one in order to create a new oral and
written culture in the mathematics classroom.

Meaning is a central aspect of linguistics which consequently is of the
utmost importance for learning mathematics. The emphasis on language in the
mathematics classroom stimulates both scholory and personal development
and may give mathematical concepts a new dimension. Mathematical discourse
stimulates thinking. Additionally, mathematical knowledge can be structured
by the use of language and the realisation of mathematical ideas and their
verbal visual representations advance the learning process. I have raised
important issues for consideration when teachers are approaching mathematics
since mathematics requires a number of approaches and creative thinking.
Teachers need to encourage their students to use linguistic invention in the
structuring of mathematical notions; language helps to form mathematical
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experience. It would be enriching to investigate how we can increase
mathematical discourse in schools and assist teachers to employ a number of
approaches to oral and written communication.

Metaphors are essential for the contextualisation of mathematics.
Metaphors foster personal connections to mathematical concepts and invite
students to contribute to mathematical discourse and construct their own
metaphors. Metaphors may help students to think of the meaning of concepts.
It would be interesting to examine the role of metaphors for learning obstacles
in mathematics.

Language and mathematics do not function independently but appear in a
certain social context. Students need to frame their own conceptual under-
standing from their personal background. It is also necessary to share
experiences with others. Reasoning, insight, facts, and comprehension are
cornerstones in mathematical experience. Language is required to develop
these aspects. The acquisition of mathematical knowledge embraces the
recreation of existing ideas and the development of students’ own language.
Students” mathematical experiences and understanding is reflected by
language. This strong and crucial interconnection needs continued thorough

analysis.
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