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ABSTRACT

The National Minimum Curriculum (NMC) of Malta rewonends the use of the country’s
second language, English, for the teaching of nnadities. The aim of my study was to enhance
the local medium-of-instruction debate by focusinghe use and development of a mathematics
register, and distinguishing between issues retet@rsecond-language classrooms and ones
more generally applicable Assuming a social petsgemf learning, | used a grounded
methodology, thus generally allowing my reflectidasdevelop out of the data | collected. The
research design consisted of lesson observatiowimprimary classrooms and interviews with
the teachers and pupils. | concluded that theotignglish in class created tensions with other
NMC principles; | also noted variations in the wegme mathematical words were used when
compared to what | might expect as part of an Bhgiathematics register. On the other hand,
the frequency of pupils’ use of mathematical vodatyuduring lessons seemed to depend on the
teacher’s pedagogic approach. Also applicable neigd mathematics classrooms appeared to be
three conditions | identified as important for wonganings to be effectively shared with pupils:

frequency of use, clarity, and significance, tisahbw crucial a word appeared to be when used.
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CHAPTER ONE

Introduction

1.1 Background to the study

In 1999, the Ministry of Education in Malta pubksha new National Minimum Curriculum
(NMC) for all Maltese primary and secondary schodlke aim of the document was to
encourage schools to reflect on issues such assasset, inclusion, creativity and technology
and to come up with school-based policies on suattens (Ministry of Education, 1999). Apart
from stressing areas that were deemed importathteowriters of the NMC, this document was a
step in the direction of school autonomy in a systd education that has been centralised for

decades.

One of the points mentioned in the document waisaha policy on bilingualism. Although the
island has its own language — Maltese - Englishilse widely used as a result of 165 years of
British colonial rule that ended when Malta gaimedependence in 1964. Indeed, Maltese and
English are the country’s two official languages. @amilleri-Grima (2003) stated: “the average
Maltese person lives daily with two languages, mgvirom one to the other as the context
demands” (p.56). As a result of this, code-switghietween Maltese and English has become
common practice, resulting in a language pattesh Borg (1980) referred to as Mixed Maltese

English.

In local mathematics classrooms at both primaryseubndary levels, English is the language of
written texts, while for spoken language, ‘mathecadit words are usually retained in English

even when the rest of the speech is in Maltese NME writers appeared to disapprove of such
language patterns and favoured consistent use eolasrguage; they also expressed a wish to
strengthen both the Maltese and English langudgethis end, they strongly recommended that
English should be used as the medium of instrudbormathematics: the apparent assumption
was that this approach would help to enhance stsidenmmand of English. It was this

suggestion that first sparked off my interest imdurcting research on language in local

mathematics classrooms.



My initial reaction had been to agree with the NM&€ommendation, being influenced by my
own experience of using English frequently in peadoand academic situations. However,
conversations with linguists and early reading adothe subject encouraged me to reflect
beyond my own particular experiences and to resegthiat the issue was a complex one. This
awareness coincided with the time that |, a mathiesrx@ducator involved in primary-teacher
training, started to think about conducting dodtaesearch. Consequently, | decided that |

would base my project on language use in local emastics classrooms.

1.2 The aim of the study

The local debate regarding the choice of langudgastruction generally centres on two main
arguments. Those in favour of using English tendupport the approach as a way to enhance
pupils’ knowledge of the language, while those Viégnour code-switching argue that our first
concern should be the understanding of mathematfies| that the debate generally does not go
beyond this dichotomy, and the aim of this studyoignhance the discussion by introducing
reflections relating to spokemathematicallanguage and to the sharing of meaning for

mathematical words.

A challenge that | faced was to find a way to dsscand link the English / Maltese dilemma with
the use and understanding of mathematical vocabutathis regard, | found Halliday’s (1978)

notion of register helpful. According to Hallidaifl), a register is:

“a set of meanings that is appropriate to a pddicfunction of language,

together with the words and structures which exgtiesse meanings” (p.195).
Working with the idea of a mathematics registapuld consider the extent and cohesion of talk
(hence focusing on issues relating to the use dfigfr), examine the inclusion of mathematical

words in speech and also explore the apparent mgsmekpressed for these same words.

My studywas based in two classrooms: Grade 3 (7 to 8-yidaj-and Grade 6 (10 to 11-year-
olds). | observed a series of mathematics lessonducted in English, focusing on interaction
that ‘surrounded’ mathematical words and also cotatlinterviews with the two teachers and
some children. | asked them their opinions reggrdive use of English and also asked the
children to offer meanings for a selection of temated words. The idea was to draw
comparisons between apparent meanings expressad the lesson and those expressed by the

children. | hoped to be able to identify featuréshe classroom interaction that seemed to be



helpful for successful sharing of meaning of mathgeal words. In my analysis, | planned to

reflect on the extent to which the points at haopkared to be particular to classrooms wherein a
second language was used, and to what extent theygeneral mathematical language issues. |
hoped that these reflections would then help td lolstepen and broaden the local discussion:
deepen, by reflecting in more detail on learningptigh a second-language and broaden, by

reflecting on other language matters.

1.3 Overview of thesis chapters

| start this project by explaining the local mediofrinstruction debate, contextualising it
historically and with respect to contemporary ingional situations (Chapter 2). | then discuss
what might be considered as ‘mathematical langyaged the development of a register
(Chapter 3). Drawing on Vygotstky (e.g. 1962), $uame a social view of teaching and learning,
and consider the use of a register as a commurattipe to be shared by the teacher with the
pupils. | then explain my methodology and develgemiotic model in order to assist me in my
discussion of ‘meaning’ (Chapter 4). Details alibet process of data collection follow (Chapter
5).

In order to help me structure my analysis, | dramPanm’s (1987) view that language is both a
medium and a message. Hence the title of my th&8gisdium and message: the use and
development of an English mathematics registemin Maltese primary classroomdin my
discussions, | first present points relating taglzage as a medium: reflections on the choice of
the medium of instruction, the extent and cohesibrEnglish talk, the frequency of use of
mathematical words for the various topics obseraed the apparent influence of Maltese on

how mathematical words are used in English (Cha@i& 7).

In the second part of the analysis, | considerdagg as a message by focusing my attention on
meanings for topic-related words. Across the topmssidered — ‘Multiplication and Division’
and ‘Length’ in Grade 3, and ‘Graphs’ and ‘LengthGrade 6 — | attempt to identify features of
the classroom interaction that appeared to be tidipf successful sharing of meaning (Chapters
8 —11). | end the study by bringing together thénnesanclusions and suggesting a way forward
(Chapter 12).



CHAPTER TWO

Bilingualism in Malta

2.1 Introduction

In order to provide a backdrop for my reflectiohdyegin by presenting the socio-historical
context within which my study is set. | then outlithe local debate regarding the medium of
instruction for mathematics, locating it within thder international context. Finally | present

the research questions that this study aims teceaddr

2.2 The use of Maltese and English in Malta

The Republic of Malta lies in the centre of the Medanean Sea and consists of two main
islands and a number of smaller uninhabited ones.tdtal area is 316 square kilometres and the
population is 400 000. Malta’s geographic positi@s attracted a succession of powers over the
centuries, the main ones among them being the Rimesy Romans, Arabs, Normans, Knights
of Saint John and the French. The last colonisers whe British, who ruled Malta for 165 years

until Independence was achieved in 1964.

The island has its own language, Maltese. CamiBeiina (2003) described the Maltese

language as having a Semitic foundation originatingng the Arabic domination (870 — 1249

A.D.). The Arabic elements form the basis of thergbsystems of the language (that is, the
phonology), word formation (morphology) and sengerstructure (syntax). Over a period

stretching from 1249 to the present, Maltese voeapuwas extended through Romance
elements. The Romance influence is also evidesbime phonological and syntactic aspects of
the language. Finally, Maltese has been influefigeBnglish on the lexical level, that is, by the

addition of new vocabulary. Today, the languagdinaes to absorb English words as a result of
the prominent role English enjoys as a global laggu Some words have been wholly
assimilated into written Maltese since they are miven a Maltese spelling, as in the case of
fri gg (fridge) andkowt (coat) (Azzopardi, 2003). Although Maltese is tlaional language of

the country, both Maltese and English are recograseofficial languages by the Constitution.



Camilleri-Grima (2003) explained that while Maltesewidely spoken as a means of daily
communication and is the official language of @arlent and the courts, English is essential for
international communication, the tourism industmgdain local education. This type of

bilingualism is known as societal bilingualism,@nt is common to a group of people (Baker,
2001). Of course, many differences exist in indmildcompetences with regard to the receptive
skills (reading and listening) and productive ski(speaking and writing) of the language.
Furthermore, Camilleri (1995) pointed out that aBrportion of the population use English as a
first language at home, and popular perceptionsigien associating English with higher levels

of education and social standing. While varyingfuades exist regarding the use of English, a

person who uses English exclusively tends to bardegl as a ‘snob’ by others who do not.

Generally, a Maltese person may use the two laregusgdifferent extents depending on their
backgrounds, preferences, and the context in wihiel find themselves. As an example, and
following Camilleri-Grima’s (2003) personal illuation, let me consider my own language
biography. | use either language in family and alocircles, depending on whether the person |
am speaking to prefers to use English or MalteseeSTV stations broadcast programmes in
both languages | may listen to the news in Maltes®;, just afterwards, watch a film in English.
At the University of Malta where | work, | discussth colleagues during meetings in Maltese,
but will take notes in English. | converse with students in Maltese, but generally lecture in
English, unless my students request | do otherwiam aware that these options are open to me
since | have a working knowledge of both languabesing first been exposed to English as a
child at home and at school, and later as an adting to be fluent in Maltese as my life

experiences widened.

As Camilleri (1995) pointed out, it is not possildetalk about language compartamentalisation
in Malta, since Maltese and English frequently ta@rindeed, code-switching between Maltese
and English has become common practice locallyltieg in a language pattern that Borg
(1980) referred to as Mixed Maltese English. Bak&d01l) defined code-switching as the
practice of deliberately alternating between twarmre languages. When the switch within a
sentence is for only one or a few words, this maydferred to as ‘code-mixing’, while longer
stretches may be considered as ‘switches’. As B@biel) pointed out, the distinction in practice
between mixing and switching is not clear-cut andd the expression ‘code-switching’ to refer
to both. The extent to which code-switching ocauils depend on the speaker and the context,
but it is certainly a feature of classrooms, a$ béldiscussed shortly.



2.3 A brief history of the recent struggle for langiage supremacy in Malta

The language of a nation is often a symbol ofdentity and allegiance, and the medium of
instruction used in schools is a powerful meanmaihtaining or revitalizing a culture (Tollefson
and Tsui, 2004). The choices of official languagesl media of instruction are shaped by
political, social and economic forces and everyntguin which there has been a struggle for
language supremacy has its own complex story fo(Tallefson and Tsui,bid, offer a
comprehensive compilation of such stories). Comfaators often include the imposition of a
language by a dominant group, and/or a percepfitileodominant language as being a gateway
to economic or social success. Malta is no exceptiad here | offer but a brief and simplified

account of the events of recent times.

In the mid-nineteenth and early twentieth centliafian was the language used and promoted by
the local professional elite and the nobility. laede Italian was a marker of social standing,
knowledge and class (Sultana, 1997). The powerath@ic Church also used lItalian and,
fearing proselytism, resisted interference in etionaby the Protestant colonial power. At the
same time however, English was becoming increasiegtvant to those closely connected with
the British naval activity on the islands, and wasompulsory requirement for the civil service.
Thus, when education first started being organizeda national level in the mid-nineteenth
century, the three languages — Italian, English diaitese - were considered as a medium of
instruction (Camilleri, 1995). The problem with Mede was that little existed in the way of
books and the form of the alphabet had not yet bienly established. Given these
circumstances, and the fact that most teachersespoét wrote Italian rather than English, the

Maltese Director of Education based most of insibacon Italian (Blouet, 1981).

In 1879, the British government commissioned aruiiyginto the state of Maltese education.

Among other things, the report (Keenan, 1879) ssiggethat Maltese should be the medium of
instruction, English should be taught through Msdtevhile Italian should be offered as an

optional language outside normal school hours. &hasd other recommendations were
implemented by the Maltese Director of the tim&éy@lgh English as a subject was introduced in
the second year of schooling and lItalian in thedteind within school hours (Xerri, 1994). The

change brought about a furious reaction from tleelfadian lobby and according to Xerib(d),

the ‘language question’ was to hamper progressdal leducation for many years. In 1897, more
changes were made, with Maltese being taught irfitstetwo years and used as a medium of

instruction and a choice between English and haéa subjects offered in the third year of



schooling. Most parents chose English, presumabbalise of its practical relevance. Primary
schooling became compulsory in 1924 and over thesygome slight amendments were made to
the language arrangement, with the most significhange coming in 1931, when Italian was

moved to the secondary school.

According to Marshall (1971), one of the shacklesducation in Malta had long been the lack
of an established spelling system or orthographialgroup of distinguished writers working on
it in the 1920s was strong enough to make themsdieard, and a standard orthography was
confirmed on 1 January 1934. In the same year, the Maltese |gegwas raised to the status of
national and official language. Interestingly, Fter(1975) suggested that this move served, in
part, as a solution to the rivalry between pro-Ehghnd pro-Italian political factions of the time.
The policy now was for Maltese to be used as thdiume for all subjects including for the
teaching of English; at this time, History and Gepdyy books were also produced using the

new Maltese orthography.

However, in 1948, a committee set up to assessptbblems being experienced by the
educational system suggested taglishbe used as a medium of instruction (Zammit Mangion
2000) and Camilleri (1995) stated that during tB8 @ntury the preference of school authorities
did tend to be English. This was mainly due to kweguage’s importance as the colonial
language and to its vast and respected literafmether reason may be have the fact that
between 1944 and the late 1970s, teacher traingsgrun by British Catholic religious orders in
residential courses and this may have influencedabachers’ mode of teaching. The preference
for English was perhaps more evident in privateoels) who tended to cater for the well-to-do.
Today, some private schools still promote Englishttee medium of instruction and reasons

sometimes cited are the usefulness of English taadition’.

Although what exactly went on in classrooms over ybars is not documented, | can say from
my personal experience and anecdotal evidencedtay, many teachers, especially those in
State-run schools, prefer to use Maltese, or ratbde-switching, for mathematics instruction.
One reason for this may be what Camilleri (1995)stered to be the ever-increasing respect
for the language over the decades; other reasopshe¢éhe moving of teacher training to the
University of Malta in the late 1970s, and as ie ttase of other professions, the increased

accessibility of teacher training to a wider sacid the population.



2.4 Code-switching in classrooms and the local langge debate

Brincat (2000) stated that code-switching betweeadtdde and English occurs when the two
languages are used alongside each other, as inade of schooling. In our classrooms, a
situation exists where written Maltese is used dotySocial Studies, Religion (Roman Catholic)
and, of course, Maltese, that is subjects closely o the local traditional culture. All other
subjects continue to utilise English for writtertteincluding books, handouts, whiteboard work,
copybook notes, computer software and exams. Hénhbecomes necessary for teachers and
students to move from one language to another.nABustration of how code-switching might
occur in a mathematics classroom, | present a @eagteraction between a teacher and an 8-
year-old child. This is taken from my pilot study)d was observed during a lesson on ‘Money'.

(In the transcription, the original Maltese speantl its translation are indicated ib@ld print):

Teacher: Qed nistsagsikom liemacoin? Liema hi I-kelma bil-Malti ?
Which coin has the smallest value?
[I'm asking you which coin? What's the word in Maltese?
Which coin has the smallest value?]

Pupil: Kemm tiswa ... one cent.
[Its value ... one cent]

Here the interaction was a preparation for the egisnt activity where questions such as
‘Which coin has the smallest / biggest value?’ werdten on the board to be answered in

writing.

In her study of various secondary school classro@asnilleri (1995) found that linking with
written texts was the most common reason for cedtsising. Furthermore, code-switching
occurred when subject specific words were usedh®wvarious subjects she observed, including
mathematics, Maltese equivalents of some techmioadls did not exist and when they did, the
Maltese versions were more commonly used in ‘eday’ life, rather than as part of the
‘academic’ classroom talk. Finally, Camilleibid) found that the use of code-switching allowed
a flexible and comfortable mode of communicatiohud, she concluded that code-switching
served as a useful pedagogical and communicateeiree. This concurs with Setati and Adler’s
(2000) view that in the South African mathematitassrooms they observed, code-switching

appeared to be something positive. They stated that

“Code-switching is a practice that enables learteharness their main language
as a learning resourceabid, p. 244).



Various international researchers writing aboutiagibns in ex-colonies have noted code-
switching in classrooms for similar reasons asdhalsserved by Camilleri (1995) in Malta. |

summarise their observations in Table 2.1.



o

Author Country Medium of Instruction (Mol) Consequences Noted

Arthur (1996) Botswana English used instead dé\@&na or lkalanga beyond Grade 4. Policy Grade 6 teachers switched to first language toskate ideas and tp

derived from colonial conventions. encourage participation. Pupils not ‘allowed’ tatstv.

Gfeller & Cameroon A Cameroonian language to be usedrédi3fiyears of primary, French  (Details not given)

Robinson /English taught as subject, then used as Mol framd& 4 onwards

(1998) except for culture, history and geography.

Lin (1996) Hong Kong English the language of poweducation and socio-economic Teachers switched to Cantonese to establishralfyi@atmosphere, English

advancement [note: article written prior to handivgr of HK back to used for academic terms and to facilitate a tasktcBing also enabled
China in 1997]. Used as Mol instead of Cantonese. learners to relate the English ‘distant’ topics hwistudent's familial
experiences.

Merritt et al Kenya English used as Mol instead of Swahili frédnade 4 onwards. English used for formal interaction, Swabhili fofarmal. Code-switching

(1992) Terminal exams in English. Reasons: colonial lagguanternational occurred for whole sentences, in translation ocalisse markers. Code:

language, ‘neutral’ language since first languaferty few people, switching patterns depended on: school policy, itmgnand classroon
used for scientific terms, more resources available management concerns, attitude re languages intpatiarge.

Ndayipfuk- Burundi French taught as subject and then usddasafter Grade 4. Policy Code-switching occurred in observed Grade 5, amid neason appeared

amiye (1996) derived from need for international language armchbse Kirundi not be an attempt to bridge the gap between the wortdoks and the pupils’

suitable for science and technology. knowledge.

Setati (1998) South Africa English instead détflanguage/s. English used mainly to reformytaigls’ responses and to familiarize the
pupils with formal assessment. Setswana used dosltation, to facilitatg
understanding of concepts and to encourage lepamtcipation.

Setati (2003) South Africa English instead détflanguage/s. In observed Grade 4, English wme'procedure’ aspects of mathematics,
Setswana for conceptual knowledge.

Setati & South Africa English instead of first language/s. Teacher and learners used English for the ‘putibenain. Teacher usefd

Adler (2000) main language for reformulation in whole class teaghand also

interaction with individuals / small groups. Leasieshared language
Setwsana, interspersed with mathematical English.

Table 2.1. Medium of instruction policies in somxecelonial countries
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Exactly when and why a teacher should code-swiafot a straight forward choice, and Adler
(2001) referred to it as a dilemma that involvaslifng the balance between using the first
language to aid understanding, and using Engligirdeide access to a language deemed useful
not only for mathematics, but for other contexts. tBlowever, code-switching in classrooms
appeared not be approved of by the writers of tMCNThis attitude of disapproval seems to
reflect an apparent assumption that code-switcliogstitutes language deficiency (Baker,
2001), a view which according to Lin (1996) refleet normative-based perception of what
counts as standard or legitimate language. Thiarapp belief coupled with a wish to improve
Maltese students’ standard of spoken and writtegli&m prompted the writers of the NMC to
suggest that mathematics, science and technolotguét through English at both primary and

secondary levels.

The Maltese/English dilemma for mathematics is ohehich local educators are well aware.
During an informal discussion for which | was praseetween teachers, linguists and education
officials, various opinions were aired. The mairing® mentioned in favour of using English
were that such an approach supports children’silegrof the language and their ‘overall’
education. Furthermore, it may be beneficial tohhéghieving students who go on to follow
academic paths. Other opinions expressed wer&tigdish is useful when non-Maltese children
are present in the classroom and that since tesdhmards are in English, then it makes sense to
conduct all the conversation in English. Those gmeg/ho had reservations regarding the use of
English expressed concerns about pupil participatiisadvantaging lower-achievers and the
teachers’ own confidence in using English. Anotbpinion was that it was not practical to
expect teachers to stick to English, especiallyoatts where they felt that their students did not
understand the mathematical concepts. Some argaedince Maltese is a living language, then
it should be allowed to develop according to the teswhich it is put, and this may necessitate
code-switching with English. Finally, it was suggekthat if English competence is seen to be a

problem, then it should be tackled in its own rigither than through other subjects.

It may seem unusual that there is a drive by Malfe=ople to promote the ex-colonial language,
after all the historic struggles we have experidn¢¢owever, this is not a unique situation, and
Bunyi (1997) noted that societies continue to heelanguage of their colonisers for a variety of
reasons long after the colonisers have left. Famgte, | note a similarity with the situation in
Singapore, where according to Pakir (2004), orteefeasons why English has been established

as the medium of instruction for schools is thaigbe have a strong perception of English as a

11



language that empowers its users. (Another reasthrati it is seen as politically ‘neutral’ for the
three main ethnic groups, a situation that doesarisé in Malta). | believe that some Maltese
people share the same perception of the usefutfiégsglish, including the writers of the NMC.
Of course, | cannot exclude the fact that they heaye a personal perception of English as being
in some way ‘superior’ to Maltese, or as Baker @08uggested, that the recommendation is
motivated by an ulterior agenda to offer an adsg@tto certain social groups. However, being
acquainted with some of the people involved inuiging of the NMC, | believe that the aim

may have been a genuine search for finding wayspoove students’ competence in English.

Students in many parts of the world find themselessning mathematics through a second
language for a variety of reasons, including exwaial ones like ours, or migration. Various
researchers have commented that such an expeisegererally problematic for the learner. For
example, Brodie (1989) commented on the difficalton-English speaking South African
students faced when they pursued education in &nglhen this was their third or even fourth
language. These included difficulties in undersiagdhe teacher and the material, and with
expressing themselves in English during the lesstrtsur (1996) commented that the teachers
she observed in Botswana tended to ask closedigngstnd that the use of English as a
medium of instruction inhibited attempts by thectesr and pupils to pursue more challenging
and culturally congruent learning; MacGregor (198&3cribed the difficulty immigrant students
in Australia had in following what the teacher vgaying because she talked too fast and because

sentence structure may have varied from that fantii them in their own language.

Sometimes it was word problems or ‘story sums’ thate found to be a source of difficulty.
Non-English speaking children may not understamanthas reported by MacGregor (1993) in
the Australian context; Jones (1982) and Clarkd®®X) found in their studies that Papua New
Guinean children lagged behind in word problemslving the expressionmore and less.
Adetula (1990) found that Nigerian children farettér in word problems involving these same
words when these were set in the children’s ndéimguage (Yoruba or Hausa). Olivares (1996)
drew attention to the fact that synonyms or worfdsimilar meaning such agld plus combine
and join may be a source of difficulty to students withited English proficiency since they

may not know their equivalents in their own langeiag

In the contexts mentioned above, there may not baea the option of code-switching, either

because of political reasons, or because the teacitkpupils were not familiar enough with
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each others’ language. This contrasts with thel Isit@ation where both teachers and children
understand both Maltese and English, albeit tcerfit degrees, and code-switching practices
are common. In situations were children aecessarilyimmersed in a second language,
researchers (e.g. Capps and Pickreign, 1993; BadpTanner, 1980) strongly recommend
systematic support for the learning of mathematigt) particular attention being given to the

mathematical vocabulary and expression. This peilhbe taken up in the next chapter.

2.5 Learning a subject through a second language

Baker (2001) stated that:

“a repertoire of languages gives wider access ftoakocultural, political

economic and educational informatioid, p.112).
The method of targeting a second language by tegetti, or part of the curriculum through this
language is known as the immersion approach (Bakéxl). In western countries, this approach
originated in Canada in the 1960s, the successhihwBaker ipid) attributed to teacher
enthusiasm and competence in both languages (Englid French) together with parental
motivation and support. There are different formhsnamersion: Bakeribid) lists early total
immersion (i.e. at a very young age), early paitrahersion and late immersion as three types,
and he discusses research findings regarding taetigéness of the various programmes. For
the sake of this thesis, | will be using the gehexpression ‘immersion approach’, taking it to

mean teaching and learning through the second dayggu

A comparable idea that has picked up in populantyhe EU in recent years is Content and
Language Integrated Learning or CLIwhereby a subject is taught through a targetegliage.
The main reasons for promoting language competeviten the EU are: professional and
personal mobility, cross-cultural contacts and rabiunderstanding (European Communities,
2004a). This has led to a language policy refetoeds ‘Mother Tongue Plus Two’ (European
Communities, 2004b). ‘Two’ refers to two foreigmdmages, one to be introduced at an early
age, and the other in secondary school. The CLAragzh emerged as a “pragmatic solution”

(Marsh, 2002, p.11) to the pressure that extrauageg lessons put on school curricula,

! This approach is also often referred to by itsnEhe acronym EMILE (Enseignement d'une Matiére par
I'Intégration d'une Langue)
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In the comprehensive report that Martdid) compiled with other language experts, detailsewer
given about ongoing projects being carried outarious EU countries where the approach was
being trialled. For each project, a list of objees was stated based on five dimensions: cultural,
environmental, learning, language and content @uhject). The content objective/s were
generally cited as the accessing of subject-speeifminology and/or the preparation for future
studies or work.

The compilers’ overall impression was that CLIL gaove to be an inclusive method suitable
for different ages, abilities and leaner competsiciThey believed that CLIL can be
implemented in appropriate context-specific waywidely differing situations if the situational
variables are understood, and taken into considaralThe consultancy group stressed that
teachers need to be competent in both the tanggtidmye and the subject and Kedlyal (2004)
offered details of how different countries are &dding the development of dual competency as
part of teacher training programmes. The writersick@ed that high exposure was not
necessarily correlated with high competence. Rathaevas the form, intensity and timing of
exposure that were the important factors. For eXxantipe report stated that low exposure (5 —
15% of teaching time) over a longer period appetodmk advantageous. The writers also stated
that although the preferred subjects for CLIL hanaglitionally been those regarded as ‘less
academic’, opinions were changing to the view tibatever non-language subject matter is
adopted, it must be relevant in terms of the dilate learning. That is, subjects or themes
should link into the true contexts of the worldénms of both language and non-language topics.
The writers quoted an example at a higher levaldofcation where a module on European law
may be appropriate for CLIL, but not so a modulenational law. The report noted that interest
was shifting to theme-designed, modular approacitber than subjects as such, with the core

issue being relevance.

In Malta, the situation is slightly different sinder us, English is a second language ratherhan
foreign one in the way Spanish or French are. Ehdgtias now long been taught alongside
Maltese as a ‘subject’ from the early primary yeanth another one or two languages taken up
at secondary school level, generally Italian, Frer@@erman or Spanish. However, although the
NMC recommendation was suggested five years b&fatea’s entry into the EU in May 2004,

it may be the case that projects such as CLIL oedef the idea that a language and a subject can
be taught together. | feel that Malta is in anresting historical situation: we are a new member

state, yet only recently left our colonial pastibdhby gaining independence from another
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member state, whose language is now dominatinpteémational scene. We now have to merge
feelings of sovereignty with feeling associatechviguropean ideals; we also have to continue to
strive to find a balance between valuing the Maltiesguage while strengthening our second

one.

2.6 Conclusion

One question that was asked in the introductortiseof the consultative report on EU CLIL

projects (Marsh, 2002, p.25) was: ‘What is the intpan subject teaching and learning?’, by
which they generally meant achievement. The regadmmended reflection on exposure time,
relevance, methods and context. This recommendstipports an idea stated by Brodie (1989)

for bilingual education in general:

“Every situation where the need for bilingual ediaraarises is unique, and will

require its own analysis, research and solutioibgl,(p.52).
My project offered one way of reflecting on the usfea second language as a medium of
instruction. My first research interest was tosidar the NMC language recommendation in the
light of other NMC principles; the second focusedrenspecifically on the pupils’ use and
development of mathematical language; finally | vierested in exploring what helped or
hindered the sharing of meanings for mathematioabbulary. Hence, | posed the following

research questions:

(1) How does the NMC recommendation regarding tee af English for
mathematics fit in with other educational principl@romoted in the same
document?

(2)(a) How much, and with what ease, do pupils talkmmersion classrooms?
(b) How ‘mathematical’ is their talk, in terms dfet inclusion of mathematical
vocabulary?

(3) What conditions appear to be helpful for a tezrcto ‘share’ the meaning of
(a selection of) mathematical words with the ppils

While the first question was directly related te fimmersion situation, | planned to reflect on
whether other observations were particular to insmerclassrooms, or whether they might be

more generally applicable.
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In this chapter | have offered some background vafipect to medium-of-instruction issues. In
preparation for discussions related to pupil talkd anathematical vocabulary, | now consider

literature related to mathematical language.
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CHAPTER THREE

Mathematical Language

3.1 Introduction

“Mathematics is, among other things, a social #@gtideeply concerned with

communication” (Pimm, 1987, p.xvii).
The relationship between language and mathemagissbben a source of interest for several
researchers and educators over the years. Theonskip can be viewed in a variety of ways.
For example, Aiken (1972) and Austin and Howsor7@%uggested that attention be given to
children’s reading ability, teacher-pupil interacts, culture, multilingualism and to
mathematical written symbols as a language. Marentty, Usiskin (1996) considered diagrams
as part of language, while Borba (2005) discusselniology as a communicative means. My
own interest lies in verbal classroom communicationparticular in a ‘whole-class’ teacher-

directed style of teaching and learning, which &gy prevalent mode in Malta.

In the U.K., the importance of increasing pupilehtribution to classroom talk was brought to
the fore through the document that came to be krasviThe Cockcroft Report’ (DES, 1982).
This stated that students should be encourageddoss and explain the mathematics they were
learning. This recommendation was offered alongsiae promotion of practical work and
investigations, in what Pimm (1987) considered #engt to move teaching away from

traditional exposition teaching methods.

| am interested in examining how much children talith what ease, and how mathematical
their talk is. Hence, in this chapter, | considewhdifferent styles of classroom interaction
encourage different degrees of pupil verbal pag@iton. Since verbal communication is often
complemented by the use of gestures, | also industeort section about gestures. Assuming the
use and development of mathematical language tnhategral part of learning the subject, |
offer examples of how teachers can help pupils miveen ‘everyday’ to ‘mathematical’
language, reflecting on what actually renders laggu'mathematical’. Furthermore, | consider

how mathematical vocabulary is added to a langtag®nstitute a ‘register’ (Halliday, 1978),
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and describe English and Mixed Maltese English eratitics registers. Finally, | explain how

the notion of register was helpful to me in straciy my discussions within this study.

3.2 Communication in the mathematics classroom

Verbal communication can be useful in the matharsatilassroom since through talk,
understandings can be clarified and misconceptamidressed (Griffiths and Clyne, 1994).
Brissenden (1988) considered pupil talk as a méans teacher to assess understanding, while
Pimm (1987) recognised the value of pupil talk ameans for talking things through and
organising one’s thoughts. Similarly, Marks and Mley (1990) believed that through talk,
pupils make their mathematical meanings explicdl &malk themselves into understanding”
(p.132).

In a teacher-directed pedagogy, it is usually thecther who initiates talk, and very often

contributions are invited through questioning. Tdugestions tend to serve a very different
purpose from those used in everyday conversatidtaod, 1994). In the latter situation, a person
usually asks a question to find out something hsha does not know. On the other hand,
teachers usually already know the answer to thveir guestion and according to Seeger (1998),
the role of the pupils is to fill in the ‘slots’fteby the teacher’s questions with the right answer
Hence, pupils’ answers are often short, after wiiehteacher reacts by perhaps confirming or
otherwise the appropriateness of the answer. Vpis of three-part interaction is known as the
Initiation - Response - Feedback (IRF) pattermtgriaction (Sinclair and Coulthard, 1975). An

example of this type of interaction, taken from daga | collected for this study, is the following:

(The class is working on converting units. The teattas just written 2m34cm
on the whiteboard
Teacher: Now we said two metres are how many -cetas?

[INITIATION]
Pupils: Two hundred! [RESPONSE]
Teacher: So | have two hundred and ...? [FEEDBACKHFIATION]
Pupils: Thirty-four. [RESPONSE]

Teacher: Thirty-four. Address a particular pugil How many centimetres
do | have? [FEEDBACK — INITIATION]

Pupil: Two hundred and thirty-four. [RESPONSE]

Teacher: (Writes 234cmon the board). [FEEDBACK]

This question-and-answer type of interaction candssl in order to ‘funnel’ an incorrect answer
towards a correct one. In defining funneling, Batedd (1998, p.170) offered the following

example, where the teacher has just asked a yaynfpbthe answer to 9+7:
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Pupil: 14.
Teacher: OK. 7 plus 7 equals 14. 8 plus 7 is jdsliry one more to 14,
which makes ...?

Pupil: 15.
Teacher: And 9 is one more than 8. So 15 plus ame is ...?
Pupil: 16.

Although the teacher here is guiding the pupil talsaa correct answer, it is still the case that the
pupil does not get to speak much, nor is it necgdsa him to think in detail about number
relationships. Generally, pupil talk tends to beited in teacher-led interaction, as noted by
English (1981), Torbe and Shaurd (1982) and Kees{aR82). Bauersfeld (1998) contrasted the
funneling type of interaction with what he callsoctising’, where the teacher creates
opportunities for the pupils to explain and givasens for their ideas, and for listeners to ask
guestions. The teacher’s questions in this sitna@ve to encourage the pupils to focus on their
own reasoning and this type of interaction has pb&ential to increase pupil talk. Some
comments and questions that can promote pupilcgzation are ‘Tell John how it works’, ‘Go
on ...", ‘Where did the eight come from?’ ‘Show méClemson and Clemson, 1994). Similarly,
Kamii (1994) suggested questions such as: ‘Whatyate trying to find?’ ‘Does everyone
agree?’ These researchers suggested that open-gnelsiibns encourage children to articulate
their own thoughts, offer various methods, reftattheir answers and on those of others, and to

participate in an exchange based on possible disagnt.

As part of communication, | conjecture that bothcteers and pupils might use gestures to
complement verbal contributions and indeed, McN@i192) argued that gestures and speech
used together form a single unified system anccarexpressive. Roth (2000, 2001) classified
gestures into four types: first there are ‘beatshsas the flicking of a hand, or tapping motions
that are used to emphasise certain utterancese Daestures may serve the role of coordinating
speaking turns, acknowledging understanding or esting a response. Second, there are
symbolic gestures like the ‘O.K." finger gesturattiunction independently and gain their
meaning through convention. Third, there are degidi pointing gestures: these draw attention
to some aspect of a context and therefore makaligns against everything else, which is
rendered background. Deictic gestures are ofteth wgh deictic words such deere there this,

that etc. Fourth, iconic gestures can provide an ingigee the movements bear a perceptual
resemblance to concrete things or events, for elemphopping action, or a curve ‘drawn’ in
the air. In a similar vein to iconic gestures, Golileadowet al (1999, p.721) suggested that

gestures can render concepts ‘concrete’. They gavexample of holding two pointing hands
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together and then ‘drawing’ a horizontal line bylipg them apart while saying ‘that would be a

line measurement’.

Researchers have reflected on the usefulness airgesn the classroom. Roth and Welzel
(2001) noted from their observations in sciencestizoms that almost all incidences of gestures
occurred when the teachers they observed attenptpobduce descriptions and explanations.
Indeed, Roth (2001) suggested that students mighalibe to use the teacher’'s gestures as
additional resources for making sense of the tedalle Pupils, too, may use gestures in
communication and this might help the teacher baetisess the student’s current understanding
(Roth, 2001). Wagner Alibakt al (1997) commented that children’s gestures ardcpéatly
revealing when they convey information that is expressed in speech, or when the speech is

inarticulate or vague, as is often the case whédreh are working out a new idea.

Hadar and Butterworth (1997) stated that body marés generally tend to increase when
hesitation in speech occurs and hence Roth andéiM@@01) suggested that the points when
students use gestures to express themselves ceedas opportunities for the teacher to supply
appropriate terms or expressions related to thgasubt hand. They stated this in relation to

scientific words but | suggest that the same arguirc@n be made for mathematics.

3.3 The importance of mathematical expression

The talk used in a mathematics classroom is likelyconsist of a mix of ‘everyday’ and
‘mathematical’ vocabulary such abape angle graph axis twenty multiplication, addition
length, metreand so on. According to Harvey (1982), ‘technitafiguage is not always essential
and pupils may very well use informal language xpress themselves. For example, a child
might call ananglea corner, or refer to theperimeterof a shape as thmutside line However,
Harvey (bid) also stated that more technical language is coemt since standard words or
expressions increase the potential of more effeactammunication with others in, and beyond,
the immediate classroom, and also reduce the chasfcambiguities. For instance, Kerslake
(1982) gave the example of a teacher’s idiosyncretpression ‘park the 1 in the garage’ to
signify regrouping in addition. Although helpful the context it was used, Kerslake suggested
that the expression may not be easily transferreenwchildren move up a Grade. Hence it is
useful that teachers help pupils to use more cdorel language (Miller, 1993) which,

according to Pimm (1995), allows us to talk abdubhds and to ‘point’ with words. This
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argument also holds for Maltese children who lgAmugh a mixed code with mathematical

words retained in English.

According to Pimm (1987), learning to speak matherally implies learning tomean
mathematically. Hence, | consider that the teachimg) learning of mathematical vocabulary to
be an integral part of teachers’ and pupils’ pgoéition in classroom mathematics. In Lave and
Wenger's (1991) terms, | can consider mathemal&majuage as part of the experience of the
‘community of (mathematical) practice’. Accordirgltave and Wengeitid), opportunities for
new practices to develop occur when a person pEates with others in an activity. For
example, when a child is out shopping, he or shg become aware of the practices of
comparing prices, counting change or using ceragressions. In this situation, learning is
considered to be an ‘apprenticeship’ where a noWeaens a particular practice through
participation with more ‘expert’ people. Lave ane&iger’s {pid) original theory was developed
by the authors from research projects carried ot ¥or example, midwives, tailors and
butchers. In her later writing, Lave (1997) acknesged that it is not generally possible to map
all the features of a traditional craft apprentigesonto other examples of situated learning and
wrote about ‘apprenticeship forms of learning’ @zt (Lave, 1997, p.19). Indeed, Adler (1998)
commented that applying the idea of apprenticedbipclassroom practice is particularly
challenging since it is not so easy to identify gractice that is in focus. Adleib{d) asked
whether the practice ieaching(what the ‘expert’ is doing)earning (what the children are
engaged in) omathematicgthe discipline at hand). She concluded that dcimawhematics is a
hybrid practice shaped by both the discipline ofthematics and its applications to the

curriculum.

Indeed, in some ways, the apprenticeship modebisompletely applicable to my interest in
learning and using mathematical language. A ti@utti apprenticeship implies starting and end
points, in between which the novice progresses &dgreen’ position to being as skilled as their
master or mistress (albeit, lacking his or her msiie experience). With respect to knowledge of
mathematical words, | suggest that beginning andpe@nts are not identifiable, since
mathematical words carry layers of meaning (Rob&898). For example, a young child may
perceptually associate the wdrthngle with a particular shape; an older pupil may beraved
the properties of the shape or the relationshig wfangle with other shapes; later stillangle
may be understood in terms of Pythagoras’ theonmaainsa on. This developing knowledge may

be accompanied by the use of increasingly more ol@pnguage regarding triangles.
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Furthermore, a traditional apprenticeship impliegdain degree of modeling but this idea is not
so easily applied to mathematical language. Languageneral serves to create a temporarily
shared social reality that Wertsch (1985, p.5%rrefl to as ‘intersubjectivity’. Meaning is what
is agreed upon - or at least accepted - as a wpbdsis (Bruner, 1986) and therefore language is
flexible. This implies that there exists the poi@nfor the ‘same’ idea to be expressed
differently, that is, in different semantic termSh@pman, 2003). Hence the idea of modeling
implied in an apprenticeship needs to be widendddinde appropriate variations of language

and an acknowledgment that meanings may vary.

On the other hand, as Adler (1998) noted, the ass practice of mathematics involves
novices gaining control over the resources prasahe practice, and mathematical language can
be considered a resource that can enable fulléicipation in the practice. This may be in the
sense of overt communication and also in the sehseming to understand the language of the
discipline. Another aspect of the apprenticeshgl@gy that | find useful is that it highlights the
expert/novice relationship between the teacher thied pupils. It is generally assumed (by
employers, colleagues, parents, children and indesdelf) that a teacher possesses more
subject knowledge than the pupils and thus is drdeto guide the children through their
learning experiences. The teacher can guide andlecha ‘novices’ towards increased
involvement that, according to Rogoff (1995) doed necessarily imply action or spoken

interaction, but can also include observation @tdring.

3.4 Helping pupils to learn mathematical vocabulary

Rothman and Cohen (1989), Earp and Tanner (1986) Zaskis (2000) suggested that
mathematical vocabulary needs to be taught exglidihdeed, Capps and Pickreign (1993)
recommended that teachers present mathematicabwmoitthe four language forms - listening,
speaking, writing and reading - and suggestedtéaathers should emphasise pronunciation and
word meaning. Capps and Pickreigiid) suggested that this is particularly useful for

mathematical vocabulary that may not be used authiel classroom.

Hatch and Brown (1995) suggested five essentigisste vocabulary learning in general:
encountering new words, getting the (aural and) osaird form, getting the word meaning,
consolidating form and meaning, and finallsing the word. Hatch and Browib{d) admitted
that the final step is not necessary if all thatlésired is a receptive knowledge of the word.

However, they argued that if a teacher’s goal isdip learners move as far along the continuum
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of word knowledge as they can, then word use iergisd. Hatch and Brownik{d, p.390)
suggested that this provides “a mild guarantee’whaids and their meanings will not fade from

memory.

It is not always easy for a teacher to decide whensist on language that is more mathematical,
and Pimm (1987) even warned of the danger of ongrhasising form (sentence structure etc.)
over free expression of meaning. Adler (2001) dalle related dilemma one of mediation: On
one hand a teacher would wish students to exphessselves comfortably and freely, while on
the other hand, they may wish to intervene to guibde students to more effective
communication. Furthermore, Adlebi@d), drawing on Lave and Wenger (1991), talked alaout
dilemma of ‘transparency’ that can arise when tegrimathematical expression. On the one
hand, a teacher may wish to focus explicitly orglaage thus making the mathematical language
‘visible’, while on the other hand the teacher reeédl ensure that the language is available
enough to the students to allow them to talk abdeds. In the latter situation, the language
would be ‘invisible’ in the sense that studentse‘seathematics through it' as one would look
through a window. Adler’s interpretation was basednultilingual classrooms in South Africa,

but she recommended awareness of the in/visilbiitgnce for monolingual classrooms too.

One of the difficulties that might arise for pupildhen moving from everyday to mathematical
language is the problem of ambiguity of meaninge @rstance of this is when a word can have
two completely different meanings in the differeantexts. For example, some mathematical
words may have ‘ordinary English’ meanings thaldtkn may already be familiar with from
their everyday lives, an interpretation they magntlgive to the mathematical word. These are
words like odd table, volume net, record, left, productand relation (Clemson and Clemson,
1995; Kerslake, 1982; Orton, 1992). Confusing nmegsniis not restricted to young children.
Monaghan (1991) reported how A-level students stgdiimits in their calculus course found
difficulty with interpreting the expressiomsnds tg approachesconvergesandlimit. The author
stated that while these terms may be used integeladoty in mathematics, the students’ previous
knowledge of the words influenced their mathemati@arpretation. | conjecture that ambiguity
for Maltese pupils might arise only if the pupilseady know the everyday meaning. If the child
does not know the everyday meaning, theret and odd may be as ‘mathematical’ as

quadrilateral or graph.
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Other types of lexical ambiguity are also possildarkin and Shire (1991) stated that some
words haveelatedmeanings in everyday and mathematical contexis.i§known as polysemy
and is common among spatial terms. For examplenas say “the numbers are going up” or
“eight is higher than five” where the meaning ig mofact spatial, but concerned with number
relations. Hence, when asked to write a ‘big’ nuntrethe whiteboard, a young child may write
in a very large script or when asked to write ghier’ number, he or she may write in a higher
position on the whiteboard. Durkin and Shire (1988gommended that teachers be aware of
ambiguous words and confront this ambiguity exgicOrton (1992) suggested that one way of
doing this is to write down the words by categamique to mathematics, not unique and subtly

different in meaning, and not unique and very d#fe in meaning.

Another possible difficulty is when two words soueé same but have different meaning, for
example,sumsome or two/too/ta This aspect of language is called homonymy. At sh
application can also cause difficulty. This is wherword can be considered from different
perspectives, such as when a number is consideriégsl nominal, ordinal or cardinal meaning
(Durkin and Shire, 1991). Yet another possible sewf ambiguity is when different words can
be used to describe the same mathematical symdnobxample the symbol ‘=" can be expressed
asequals means makesleaves the same agjives andresults in Furthermore, Rothman and
Cohen (1989) and Hanley (1978) drew attention tiwosyms, or words with similar meanings.
In particular, Hanleyilid) stated that for examplsumandtotal are both used to refer to the
same additive operation. Finally, Anghileri (1994bated that differences in meaning of
expressions used in word problems may be quitdesuds in making a distinction between

shared byshared amongshared betweeandshared out

Learning how to ‘speak mathematically’ may posetipalar problems for children learning
through a second language. For example, the legiffdulties outlined above may be even
more problematic for these learners. Olivares (1¥@#nmented that synonyms suchaaisl
plus combine and, join may be a source of difficulty to students with ited English
proficiency in the U.S., Garbe (1985) reported loa difficulties that Native American Navajo
students had with mathematical terms having everya@anings, and comparison terms such as
greater/ less than Furthermore, these students also mixed up matieahevords with similar
sounding everyday ones, suchsasrisun Garbe ipid) suggested that their teachers may not
have used the vocabulary often enough or enundiaésd well enough for the students to detect

slight differences in pronunciation. Similarly, wmg within the Australian context, Miller
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(1993) recommended clear pronunciation so that igl@l students do not mix words such as
size and sides ankle and angle The points related to possible ambiguities mary weell be

applicable to Maltese children in an immersionisgitindeed, they may even be applicable in a
setting where Mixed Maltese English is used, siegen here, pupils tend to experience

mathematical vocabulary in English.

Brodie (1989) and Cuevas (1991) recommended thaingelanguage learners experience
systematic support, in the sense that the teabbetdsplan specifically to focus on mathematical
language. In practice, it is not possible for ales to concentrate on language at all times, but
Gibbons (1998) suggested that this might be dooasienally and with purpose. Writing about
science education, Gibbonibifl) suggested that a teacher’s intention of focusindanguage
should be made explicit to the students by statir@ye going to talk like scientists’ and ‘your
language has to be precise’ or by evaluating arifdrresponses in terms of the language used
(‘you explained very well’). Students should “focost only on what they wish to say, but on
how they are saying it” (Gibbontid, p.103-4). Such a recommendation is equally apjatep

within a mathematics classroom.

Some teachers and researchers have describedicsp#agsroom practices. For example,
Appleby (2003) described her method of introducireyv vocabulary to her Grade 3 ethnic
minority pupils, whereby she encouraged them tmtifle such words in problems and then
practice the words by writing out their own simgieoblems. Other useful classroom tasks
suggested by MacGregor (1993) included card ganidlsin-the-gap exercises, text
reconstruction and picture dictation (that is, déstg a picture). Campbell (1986) described
how a teacher in the Philippines helped her Gragmdls talk about mathematical ideas in
English, when English was not the first languageeither the teacher or the pupils. Campbell
noted that the teacher gave a lot of attentiorhéokiey mathematical terms, verb phrases and
sentence structures which eventually came tog&thenger utterances. Similarly, Moschovich
(1999) reported how a teacher helped his Hispdndesits in the U.S as they offered informal or
incomplete mathematical language. This teacherst@ion the mathematical content of the
students’ contributions, asking them for clarifioas, and accepting and building on them by re-
voicing statements. Finally, van Eerde and Haj@®0%} designed activities for immigrant 12
tol4-year-olds in Holland with the specific aim afldressing both mathematical ideas and

language concurrently.

25



The U.K. Department for Education and Skills (Df2802) provided guidelines for classroom
teachers regarding how they can help second laegsagdents to understand and use
mathematical expression, and also how to suppadimg and writing in mathematics. If |

contrast this document to our NMC document, | ntitat the NMC'’s attention when

recommending the use of English for mathematiasithe English language, which the writers
seem to assume, will be learnt over time. No dtieris given to either mathematical language
itself nor indeed, to the relationship between lmgge and mathematical practices. Although
these aspects are, perhaps understandably, otitsideope of a national curriculum document, |

think it is useful for us, as local educators,umtour attention in this direction.
3.5 Further considerations of what renders languagénathematical’

Up to now | have considered mathematical languageeims of vocabulary. However, two
gualifications are necessary. First, it is not fmego say that a stretch of speech either iss or
not, mathematical. According to Chapman (2003), tdea of language being ‘more’
mathematical is related to tlyggadual move from informal to formal language and Chapman
(2003) offered a way of considering this shift lmnsidering two overlapping continua. Drawing
on Hodge and Kress’ (1988) notion of modality ogrée of certainty, Chapmaibil) suggested
that the higher the modality, the more mathematicaltatement sounds. For example, she
considered the following utterance to have high afibd “What angle does the minute hand of
the clock pass through?” (p.122). In this questimre is implied that the angle exists, the hand
passes through it, it always happens, it is a iatilarly, “So eighteen divided by three is six”
(ibid, p.143) implies certainty. A statementlofv modality is “Does it make sense to say three

is a multiple of one?” (p.160) since it indicatexertainty.

Then, drawing on Walkerdine (1988), Chapman alsusidered a continuum that transforms
from metaphor to metonymy. Walkerdine (1988) hadwsh how mathematical meanings are
developed through a series of shifts from focusingarticular everyday objects to more general
relationships. Chapman (2003) suggested thatldkemetaphoric and thenore metonymic
elements present in a statement, the more matlehdhtiat statement is. For example, the
guestion “Thirty cents is what fraction of a doHakp.113) contains the metaphoric element of
money which provides a context for the fractiorehtion, while “Find the value of two to the
power of five” (p.113) operates in a purely metoiymay. Chapmanilgid) overlapped the two

continua as shown in Figure 3.1.
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Metonymic form

Low modality > High modality

Metaphoric form
Figure 3.1 Languagéts in mathematics (Chapman, 2003, p.128)

According to Chapmanil(d), considering mathematical language involves ctmsig shifts
along these related continua. However, | am aweaedat primary school level, much of the work
carried out is metaphoric in nature. So, for exanphultiplication is represented through
repeated sets of buns, or fractions are considéredgh pizza slices and so on. Therefore, |
conjecture that although perhaps various degreasodhlity may occur in a primary classroom,
the majority of situations may be close to the mpletsic end of the continuum. Hence, | may not
be able to use Chapman’s model in an effective twvalyscuss how mathematical the talk is, and
| prefer to gauge this aspect by considering tbkigion of mathematical vocabulary in a stretch

of interaction.

However, even here, a qualification is necessagardtng how to recognise particular
vocabulary as being ‘mathematical’. My experiendthwhe subject allows me to distinguish
between sayrectangleas a mathematical word apéncil as an everyday one. However, | also
note that sometimes the distinction between anydagrand mathematical word may not be so
clear-cut. | realised this in a discussion | hathvé teacher, in fact, during the pilot study I
carried out prior to this study. At one point incanversation, | suggested thadin was a
mathematical word. The teacher disagreed, arghiaty by virtue of its everyday familiarity, it
was not mathematical. This prompted me to thinkuabehat it was that rendered a word
mathematical, since likeoin | could mentionlong, minute and others that are often used in
everyday life. | realised that | had considecedh to be mathematical because of the context that
the teacher and | were considering, that is, a sidegsons focusing on the topic Money, during
which key points to be addressed were coin recognénd value. Thus perhaps | can say that

rather than a word being mathematjai se it might or might not be defined as such depemndin
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on the function that it plays in a given contexteTeveryday wordsoin, long andminute may
be considered ‘everyday’ ones in many contexts, i@ mathematics lesson that focuses on
money, length or time, the words may be rendergdrkathematical words because of their

significance for the topic at hand.

It is interesting to note that for some ‘clearlycognisable’ English mathematical words or
expressions such agaph square rootand sine, no Maltese translations appear in the most
comprehensive Maltese dictionary available (Agailii999). In cases where translations do
exist, such as in the caseriltiplication axis andperpendiculay it is still the English one that
tends to be used in class. Furthermore, althoagishations exist for English words that are often
used in everyday situations suchcaé, long andminute,again these are likely to be used in
English in the classroom. Thus, in classrooms inclwicode-switching is used, | might
tentatively say that how ‘mathematical’ the langriggy might be gauged by the presence of the
English words. | conjecture that the practice ¢hireng the English version may actually draw
attention to the mathematical word by virtue ofbéing in different language. Thus, code-
switching may serve a further role to those ideedifby Camilleri (1995) and discussed in

Section 2.4, namely that of highlighting mathenstiocabulary.

3.6 Mathematical vocabulary as part of a ‘register’

Halliday (1978) referred to the way of talking wthor about, a particular context as a ‘register’,

which he defined as:

“A set of meanings that is appropriate to a paldic function of language,

together with the words and structures which exgitiesse meanings” (p.195).
Halliday (1978) explained how vocabulary is added tanguage to express mathematical ideas.
| now summarise his key ideas in relation to Emglesnd also comment on the spoken Mixed
Maltese English mathematics register in order ab@late further on what the NMC writers may
have found unsatisfactory. | base my comments asopal experiences since no large scale
studies of the mixed mathematics register have baeied out and therefore it is not possible

for me to talk in terms of established patternspafech.

Newly-created wordsSome mathematical terms suchoggdrilateral and parallelogram are

made up out of Latin and Greek elements, eveneifaittual word did not exist in the original

languages. Halliday (1978) noted that this metHomteating words is the most typical procedure
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in contemporary European languages for the creafioew technical terms, and that these terms
are not normally used in everyday situations. Irité4e classrooms, the English version of these
terms is always used, although Maltese equivalengt be found in a good dictionary (e.g.
Aquilina, 1999).

Borrowing of termsSometimes terms are borrowed from ordinary Ehglisit they are given a

different meaning when applied in a mathematicatext. Examples areolumeandnet Words
may also be borrowed from another language, dseircase oinfinite andprobable In Malta,

we borrow the same English terms. Indeed, it iseracommon practice (even outside the
classroom) to say numbers themselves in Englign éwugh Maltese equivalents exist and are
commonly known. However, as Camilleri (1995) paihteit, words borrowed from English tend
to be partially assimilated since the pronunciat®usually a bit different, shaped by Maltese
phonology. One such example is the wgrdph which a Maltese speaker would pronounce as
gruff. For some words, whether the English or Maltession is used depends on the context.
For examplelongerandshortermight be used in class, whileval (longen andigsar (shortel)

used in other situations.

Calquing Another feature noted by Halliday (1978) is tbatalquing or the creating of new
words in imitation of another language. Althoughieran modern English, Hallidayibid)
suggested that this process is a regular featuraanly languages. A key area of vocabulary
where this has happened in Malta is verbs, whicle teeen adapted to Maltese morphological
(word formation) structures. For exampte, label is illejbiljla (pronouncedl-label-ya). This
word and many like it feature in dictionaries armdr become a generally acceptable feature of
spoken and written Maltese. Camilleri (1995) refdrto such words as loan shifts and found
evidence of them in classrooms. In the mathematizalext, | can mention as examplelot
which becomegpplottja (pronouncedp-plot-ya) andto construct[a triangle] which becomes
ikkonstraktja (ic-construct-yg An interesting example that illustrates a monent ordinary
Maltese to mathematical English is the vésbshare The Maltese word foshareis gasam
which is very commonly used in everyday life. Hoeevn classrooms, it is possible to find both
teachers and children using the loan dkiferja (pronouncedsh-share-yainstead. This word

serves the apparent purpose of linking with writgeglish.

Locutions According to Halliday (1978), the language of hesmhatics also contains specialised

locutions or whole expressions that function asas#in units on their own, such aguare root
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andright angle Shuard and Rothery (1984) gave further exampleb assimple interestpie
chart, square rootclosed figureand pointed out that the meaning of the expressiant simply
the sum of the parts. In the Mixed Maltese Englisbister, such expressions are generally
retained in English, so that a teacher / child mggty: ‘Ghalija din tidher li hija right angle”
(“This looks like a right angleto me’). However, Pimm (1992) stated that the aim of
mathematical language should be to help constexgress and communicate mathematical
meanings, and this certainly cannot be done usinlgte words or expressions. Indeed, Halliday
(1978) himself stated new styles of meaning andctivabining of existing elements into new
combinations also play a part, as in the exampésscher-to-pupil ratio’ and ‘the sum of the
series ton terms’ and if and only if” and ‘if ... then” as forms of argument. In Malta, these

expressions are generally retained in this sanme.for

Pimm (1987) also identified more subtle points rdojg mathematical expression. For example,
there may be a subtle change in meaning from eagrgdes, as in the case of the wany,
which in a mathematical context meavery;a word’s grammatical category may change, as in
the case of number nameseg two ...etc., which may serve as nouns in a mathemataratext
while in ordinary English they serve as adjectiesy. ‘two birds’). Pimm ibid) gave an
example of a student who interpreted the term @hadj as an adjective in the sense of a sloping
line rather than understanding it in its mathenstimominal sense a diagonal. Mathematical
language may also include differences in the uggeagiositions and grammatical connectives, as
when referring to ‘the areaf a triangle’ rather tharniri/insidea triangle’. These subtle changes in
meaning will also be experienced in our local alaess when we borrow the English

expressions.

It is important to state that a mathematics repgisi@n also be written. Indeed, written
mathematical English in general needs attentidts iown right, even for first language speakers,
since it varies from ordinary written English. Kafi®68) noted that letter, word and syntactical
redundancies are different and the grammar andsyritmathematical English are less flexible,
while Morgan (1998) listed characteristics of atien register as the presence of symbols,
specialist vocabulary and conciseness. Morghid)( also mentioned certain grammatical
structures that appear to render language moreematical: the use of imperative (‘draw a
diagram’), nominalization (i.e. changing a prockks to rotate into a noun —rotation - thus
creating a mathematical ‘object’), the use of thegive structure (‘a line is drawn’) or the use of

the more formal ‘we’ rather than the personal ‘We draw a line’ rather than ‘I draw a line’).
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Styles of writing may also indicate deductive remsg by including words like ‘hence’,
‘therefore’, ‘by Theorem 1’ and so on. Furthermolorgan argued that the presence of
elements such as diagrams, tables, labels andneatness contribute to giving an impression to

a reader of a written text being more mathematical.

Halliday (1988) observed that as a new registetveso it gains value by virtue of its being
functional. However, the requirements of expressiaghematical meanings can place strains on
a language and, according to Pimm (1991), it sdtrain that results in new ways of expression.
This was evidenced in the Welshadi and Aboriginal registers, which have only refeheen
developed as part of a wave of language revivalalole 3.1 overleaf, | outline the development
of these registers. As can be seen from the oujiven, deliberate register development is not
without difficulty, especially when familiar wordsegin to be used for mathematical purposes
(Halliday, 1978).
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Background to Register Development

Some General Consequences

Classroom observations

Welsh

(Jones 1997,
1998, 2000;
Jones and
Martin-Jones,
2004)

Bilingual education started in the late 1930s at gfa

the rise of nationalism in Wales and oppositiorthi
dominance of English. Welsh medium mathematics
eventually became available and children are today
offered the opportunity study mathematics through
either Welsh or English (including exams). In ortter
achieve this aim, intensive work was started indle
1970’'s on dictionaries of mathematical terms and
textbooks in Welsh.

Some difficulties in assessment procedures:
sometimes the English word is more familiar than the
Welsh one, even to Welsh speakers; (b) a Welsh term
may convey the meaning of the notion more expjicitl
than the English counterpart, favouring students egto

for the Welsh version of the exam (e.gedrochr
(quadrilateral) literally translates to ‘four sigegc) a
Welsh word may fail to capture the necessary séient
sense (e.gcyflymderwhich means speed rather than
velocity); (d) a situation presented in Welsh may be
‘realistic’, since such a situation would always be
experienced through English in real-life.

(a) In five secondary classrooms observed by Jg

(2000) code-switching was common, since stud
were not grouped by language choice. Welsh
language for classroom management, English

for calculations / numbers; explanations relatimg t

concepts often offered in both languages, reitdr
in English if they were initially expressed in Wel
and vice versa; less code-switching used

nes

BNts

ain

sed

ate

o]

for

teacher-student individual interaction; worksheets
either prepared in two versions back-to-back o if

sheet contained only a little text, two versionsof

statement where given one beneath the other.

Maori

(Barton et al
1998)

The process of developing aabti mathematics
register started in the mid-1980's and formed qlaat
drive to revive the language that had started & th
previous decade. Register developed systematimally
specially appointed persons. By 1996 two
mathematics dictionaries had been produced.

Expression moved towards English modes and
conventions in order to articulate Western mathiealat
concepts (which may differ from traditional onesida
changes have occurred in the traditional gramniatica
nature of some words. Meanings themselves may have
change due to words having been borrowed from
English. (e.gwhakaruau- multiplication - traditionally
meant to multiply in the sense of pro-create). @& t
other hand, some words carry the mathematical mgani
more effectively than their English version, athia case

of tapamaha rite(regular polygon) literally meaning
‘many equal.

In some classrooms, both English andiokl
registers are used. Code-switching and forced
phrasing appears to be beneficial to students g
two modes of thought are available.

re-
ince

Aboriginal

(Roberts, 1998

School mathematics is entrenched in Western ideas,
but mathematical ideas are talked about in Abagigin
languages outside school. The various Aboriginal
mathematics registers are still under developmedt a
choices will have to be made regarding (a) how to
blend world views, (b) changes in language.

Various difficulties that need to be resolved: (a)
differences in world views, e.g. the Aboriginal dency

to view objects in terms of their relationship tust
object, rather than in its own right; (b) the raiee of
logical connectives (if... then’); (c) use of verlbgr
processes rather than nouns as is case in Englih;
varying use of metaphor across languages.

Teachers are teaching mathematics and discu
it with their students in their own language and

English. They feel that children understand bétter

their own language. On the other hand, some i
are difficult to express in their language, so head
uses an English expression itself. This results
code-switching.

5Sing
in

leas

in

Table 3.1. The recent development of the Welsigrivand Aboriginal mathematics registers
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In her reflections on Aboriginal mathematics regjist Roberts (1998) stated that these are still
under development (there are about 90 distinct i@l language in Australia), but she
believed that there will come a time when commudiggisions will determine what ‘sounds
right’. Perhaps the dilemma expressed in the NM& risflection of a sense of uncertainty about
how appropriate the language form used for mathemat;, perhaps we too are at a stage when

we need to collectively reflect on what ‘sound$itig

One point | would like to highlight is that bothettEnglish and Mixed registers that | have
considered in this chapter aweesternregisters, in the sense that the words includethén
register denote western ideas. Bradford and Br@9A%) noted the difficulties Bradford herself
encountered when using an English register withesteachers in Uganda. A problem cropped
up with the use of the wordrcle not because of the nomenclature as such, but éedhe
teachers did not share Bradford’s concept of degitoeing culturally oriented to thinking in
terms ofcircular instead. Differences in concepts or views of tleldvwere also noted for the
following peoples by various researchers: Aborigi(ustralia) by Meaney (2005),3adri (New
Zealand) by Bartoet al (1998), Navajo (U.S.) by Mellin-Olsen (1987) ahd tryoruba (Nigeria)
by (Morris, 1974, cited in Orton, 1992). With reddo the Maltese situation, | think | can safely
assume that we share ‘the same’ western concepliethin the mathematics words expressed in

English.

Furthermore, while | have argued that teachers Idhtty to encourage pupils to use
mathematical language, it should be acknowledgadsibimetimes, participating in the use of a
register can be problematic. For example, desgibirclassroom context in Catalonia, Spain,
Gorgorié and Planas (2001) noted how the home reuldfi minority students interfered with
desired patterns of participation. The authors gasean example a student whose values
suggested that it was impolite to tell her teadhet she could not understand, or to talk to
friends while her teacher spoke; another girl wauddl communicate with the boys in the class
since this would land her in trouble with her famiHence in these cases, the students’ values
impinged on the use of talk in general. Again, ssitliations may nagenerallyoccur in Malta,

although of course | cannot exclude the occasiposdibility.

In this section, | have focused on mathematicalabatary, but Halliday's (1978) notion of
register goes beyond the consideration of the snmtu of mathematical word, and in the

following section | look at more detail at his diion in relation to my study.
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3.7 The three components of register

Halliday's (1973, 1978, 1985) view of language waafsinctional one, whereby he believed that
people put language to use according to the smwati which they find themselves. Thus,
context is a crucial notion in the consideratiorregister. Researchers have defined context in
different ways, for example, Rogoff (1984), consadke that a context for an activity is
constituted by the activity’s physical structurge purpose of the activity and the social milieu
within which it is embedded; Lave (1997) suggegtet activity is its own context, implying
that context is flexible and changing. HallidayX78, 1985) own definition of a ‘context of

situation’ includes three elements. He referretthése as:
» thefield of discourseor the activity that the participants are engaged

» thetenorof discourseor the set of relationships between the parti¢gand

» themodeof discourseor the role language plays, that is, whether $pdken or written,

spontaneous or rehearsed, whether its purposeedaade or to explain and so on.

These three contextual elements then determine tthtiday (1985) referred to as a ‘text’

which is:

“any instance of living language that is playingme part in a context of
situation” (bid, p.10).

Within a text, Halliday (1978) identified three fitronal meanings which are the respective
realisations of the context’s field, tenor and modsese are:

» ideational meaningswvhich express categories of experience;

» interpersonal meaningsvhich express social and personal relationshipd;

. textugl meaningshich make the language “operationally relevamfal(iday, 1973,
p.42)°.

3 Strictly speaking, in his 1978 publication, Halldaubdivides the ideational element into two: #xperiential
component which is the content function of the leage and the logical component that expredsgisal
relationships such as 'and’, 'if - then' and ddwever, in his 1985 publication, the author lihe four
components separately as follows: experientalrpetsonaland textual (as realizations of the field, tenod an
mode respectively) and the logical component whgtbuilt into natural languages and serves to link
experiential and interpersonal elements.
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As an example to illustrate the idea of context imdesulting text, Halliday (1985) considered a
radio talk given by an Archbishop. He identifiedetlield as the maintenance of an
institutionalised system of beliefs and the menibatstude towards it. Hence, ideational
meanings in the spoken text were carried by wdnds functioned as names (e.g. ‘Christian’),
metaphorical expressions (‘to defend’), and alsw@sses that were being talked about (‘to take
seriously’, ‘to question’). The tenor related te tinstitutionalised relationship of authority to an
unseen and unknown audience, and thus the interg@nsieanings were reflected in expressions
such as ‘l ask you ..., ‘let us consider’. FurthermoHalliday suggested that the use of
imperatives (‘the Christian should’) and declamsi\(‘three motives have impelled men’) also
contributed to interpersonal meanings by setting@od’ of authority and specialist. Finally, in
Halliday’'s example, the mode was that of a writext to be spoken aloud, carefully prepared as
a rational argument. The nature of the languag®ken but not spontaneous - and the rhetorical
function, were reflected in the resulting textuatanings characterised in the text by simple
grammatical structures and conjunctives such asethre’, ‘in turn’, first/next’ which created a

kind of cohesion in the talk.

The functional meanings are also identifiablaviitten texts as illustrated by Morgan (1998) in
her study of secondary school students’ writtenmeRation texts. As part of the ideational
aspect, Morganil§id) considered words that expressed different presesnd suggested that
these indicated what students thought mathematissalout. For example, a student’'s use of
statements such as: “If you add ... then multiplyou get ...” (Morganibid, p.80), reflected a
view of mathematics as coming into existence thindugman involvement. In Halliday’s (1976)
terms, this indicates an action process, with aigyaent clearly present. On the other hand,
Morgan suggested that the nominalisation of prase$s.g.rotation and permutation and the
use of symbolisation, obscured human presence emzklportrayed a picture of mathematics as
an autonomous system. In this case, the procasgtied were relational ones (Hallidatiid).
With regard to interpersonal meanings, Morgan ssiggethat, for example, an expression such
as “We shall show that ...” inferred the authorityaodommunity, while “For my extension | am
going to ...” provided a more personal developmenbr@dn, ibid, p.84). Finally, Morgan
interpreted the textual function in terms of thetiwg styles used by students such as narrative,
description, explanation and so on. For example,csimsidered that a phrase such as “there is
one definite pattern ..."”il§id, p.113) formed part of a descriptive report, while so if |
multiply ...” (p.113) formed part of an argumentatistyle. Morgan (1998) admitted that it is

difficult to define a mathematics register pregisednd indeed there exist more than one
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mathematics register. For example, the language inse primary classroom is different to that
used in an A-level class; the text found in annigaworkbook is far removed from an academic
research paper. And yet, all four examples couésity as making use of a mathematics
register.

In my own study | will not be reflecting in detaih the elements of a context or the functional

meanings of a text, but | am aware of their releeaio my interests to the extent as follows:

» | ask how much pupils tafcf. question 2a, p.15). The relationship betwd®nteacher
and the pupils (tenor) may determine a particulgde ©f interaction, and hence | might

consider the actual length of pupils’ contributi@ssfulfilling an interpersonal function.

» | ask with what ease (i.e. how coherently) pugl& tn English(cf. question 2a). This
textual component may be considered to be theset@hn of the purpose to which
language is put (mode). For example, whether laygus used to offer brief answers,

explanations, investigative strategies etc.

| ask how frequently mathematical words are used powils (cf. question 2b).
Mathematical vocabulary expresses ideational mganimord use is determined by what
the talk is about (field).

The notion of field can also support my third reshanterest, which is to reflect on sharing of
meaning of mathematical words with pupils (cf. qioes3, p.15). For reasons | will explain in
the following chapter, | planned to interview somepils after their lessons in order to ask them
for the meanings of words. | also planned to compheir responses with what had been
expressed in class. | realize that, in an interyigne register used by the pupils is likely to be
different to that which they use in class. Firsteipersonal meanings expressed are different
since the relationship between the interviewer @tiysind the pupil is different to that between
the teacher and pupil. Furthermore, textual meaniragy, since the role the pupil’s language
plays is also different (explicitly and systematic@xplaining meanings for words). However,
the field of talk at certain points in the lessons and dutimg interview can be considered
‘common’, since in both situations the talk is at@ay, perimeter. Hence, ideational meanings
expressed in the two contexts can be comparedl taovitinue to discuss sharing of meaning in
more detail in Chapter 4.
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3.8 Conclusion: language as medium and message

My research questions included three elements: msiore issues, the use of mathematical
vocabulary within stretches of talk, and sharingneéaning. Initially, | was concerned that
dealing with all these aspects within one projeéghtn prove to be impractical or even
inappropriate. Yet, | was reluctant to narrow theuls: the immersion issue was very topical and,
as stated by Torbe and Shuard (1982), the rolar@fuage for communicating is inextricably
bound up with the role it plays in conveying meagniRurthermore, it seemed important to me to
address the various aspects since, as explain@dapter 2, | hoped that my study would serve
as a seminal one on language in Malta that miglbwage interest in language among
colleagues beyond the English/Maltese dichotomiye@nly local studies that | am aware of that
focus on technical vocabulary are the quantativesanvestigating Englisscientificvocabulary
carried out by Ventura (1991) and Farrell and Vent1998). For the reader’s interest, these

studies are summarised in Appendix A).

The notion of register itself provided the means rfee to bind the three research interests
together coherently. By viewing register as Pimn®8{) suggested, that is, as being
simultaneously a ‘medium’ and a ‘message’, | wale &b present my discussions within one
encompassing perspective. As shown in Table 3.8aafethis approach helped me to shift my
attention smoothly from the use of English to faeg®n mathematical language. It also allowed
me, through the mathematical words themselveshifo fsom medium to message: while the
inclusion of the words was part of the overt meditine apparent meaning ascribed to them as

they were used constituted a particular message.
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The use and development of an English mathematicegister in Maltese primary
classrooms

(1) Reflections of immersion recommendation in ligat of

Language other NMC principles.
asa
medium (2) Reflections on the English register:

(a) General language: extent and cohesion of talk
(b) Mathematical aspect: frequency of mathematicatls.

Shifting the focus froomediumto messagéhrough mathematical words:
frequency of use> meanings expressed

Language
asa 3) Sharing of meaning: conditions that appear tbddpful for
message. sharing of meaning (across various topics).

Table 3.2. Binding my research interests together

In the following chapter, | explain my methodologyfer a model to help me address ‘meaning’

and show how my assumptions and beliefs guidedmartls a suitable research design.
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CHAPTER FOUR

Methodology and an Analytic Tool for ‘Meaning’

4.1 Introduction: The roots of my interest in langlwage

Having established my research interests, | netzlednsider a suitable approach to addressing
them. As suggested by Burton (2002), it is impdrthat research methods are justified by the
researcher’s values, beliefs and attitudes. Indhépter | explain how my view of learning as a
flexible, social activity guided me to conduct aliative case study. | start by going back to the
root of my interest in mathematical language, sihtehere that | recognise the first pointers for

the approach | took.

My interest in language finds its beginning in aject | carried out some years ago as part of a
Master's degree (Farrugia, 1995). In this projédbad explored children's understanding of
fractions and had used as a theoretical baseh&loeytof Radical Constructivism as espoused by
von Glasersfeld (e.g.1990, 1995). This neo-Piaggi@sition places the individual at the centre
of learning and utilises a key notion of mentah&mes’ or structures which are modified or
elaborated as the individual interacts with theiremwnent. | had set some fraction tasks for nine
children to do individually, and used their respemdo describe a hierarchy of schemes.
Following von Glasersfeld’s view of reality, | hadjected the Platonic view that the external
world exists as a given reality. Von Glasersfeloisological view of the world was that reality
was not something external to be received passhwelihe individual. Rather, he stressed that
knowledge was an individual construction and that function of cognition is adaptive, and
serves to organise experiences. Von Glasersfel@386) view of the social realm was that the

world and ‘others’ are for each individual whatdreshe perceives and conceives them to be.

In the course of the interviews | had carried dubhad noted that one pupil gave different
interpretations for the English wohalf and its Maltese translatiorofs. At the time it surprised
me that a child might come to hold two differentamimgs for what seemed to me to be the same
word. | supposed that the explanation lay in exargipupils’ experiences in, and outside, the
classroom but reflections in this regard lay beytral scope of the study. The point remained

forgotten for some years, until the publicatiortted draft NMC. The language recommendation
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included in this document brought the incident b&xkne and this sparked off the general

interest in language that led to the present projec

4.2 A personal shift from a Constructivist to a Soio-cultural view of knowledge

For my Master’s project, | had believed the indiatto be at the centre of knowledge and
considered language only in as much as it offeréslymptom of thought” (Sierpinska, 1998,
p.32). | did not consider the experiences throubitivthe interviewed children may have learnt

what they expressed.

However, the Radical Constuctivist view has bedicized for its lack of adequate explanation
of social and cultural practices (Cobb and Bauktsfi©95). Lerman (1994, p.43) also criticised
the perspective on the grounds that within thispective, language is “undervalued, or at least
under-elaborated”. Although ‘social’ Constructivigtriters have attempted to give a more
elaborate account of the role of social interac{sme, for example, Steffe and Thompson, 2000;
Steffe and Tzur, 1994), still, Lerman (1994) sugggdhat by virtue of the centrality of the
individual, the Constructivist view does not takeoi account how the ‘social’ impinges on
individuals without their choice. Furthermore, he stated that Constsist does not tackle
important issues such as what teacher-actionsaatilally prod the ‘right’ mental schemes, and

ultimately the theory is unable to explain a gezdl of human behaviour.

As | looked back at my Master’'s project and forwerdhe present one, | came to share Mercer’s
(2000a) belief that Constructivism does not handtdl the complex social circumstances
involving several people, as is the case of classrsituations. Yet my new research interests in
mathematical language foregrounded the social elerok learning. | now considered the
classroom as a context where learning of matheatatoizabulary took place and was interested
in examining the process of learning in detailphsidered the language used in the classroom as
an integral part of learning how to participatettie community of (classroom) mathematical
practice; Viewing mathematical language as a registvalued the context-dependent nature of
language use. This shift in view-point implied ta#though | continued to believe that reality is
not an ontological ‘given’ and that knowledge igliiidual, my perspective regarding the way
knowledge was actually constructed changed, raguiti an epistemological move away from
Radical Constructivism. | felt that | needed a pective that fore-grounded social aspects of
learning, in particular, one that admitted the @ity of language. Hence, | turned to Vygotsky's

writing.

40



Vygotsky's (1981a) fundamental tenet is expressdte following quotation:

“Any function in the child's cultural developmenpgears twice, or on two

planes. First it appears on the social plane, bed bn the psychological plane.

First it appears between people as an interpsygivaliocategory, and then within

the child as an intrapsychological category. Thigqually true with regard to

voluntary attention, logical memory, the formati@f concepts, and the

development of volition” (Vygotskybid, p.163).
As an illustration, Vygotsky (1978) offered the eyde of a young child who uses a hand
movement to grasp unsuccessfully at an object.chitd’'s mother may interpret the action as an
indicator and she may intervene by say, pickinghgobject. The combination of the child’s
behaviour and the adult’s response transforms aammunicative behaviour into a sign on an
interpersonal plane and the child begins to undedsthe movement as ‘pointing’. Thus he or
she begins to gain voluntary control on the intyapslogical plane over what had formerly
existed only in social interaction. The emergeoicthis voluntary control over what Vygotsky
considered to be external signs forms is the gémpeoaess involved in internalization or the
‘turning inward’ of communicative speech to beconimner speech’ ipid, p.57). (This
transformation is the result of a long series ofeflgpmental events; details of these stages can
be found in Vygotsky 1962 and 1978). Wertsch atoh& (1985) explained that it is the
mechanism of coming to recognise the significarfcanoexternal sign that makes possible the

general acculturation and cognitive developmerat ciild.

Generally speaking, a ‘sign’ is something that d¢afor something else in the senseXof

represents Y(Tobin, 1990). Vygotsky (1981b) considered varithiags as signs including art,

writing, diagrams, pictures, counting systems, laigie symbols and even language itself.
Vygotsky (bid) considered these signs to be psychological tamid,drew an analogy between
them and technical tools used at a work place.rgeed that although the latter are externally
oriented to cause change in the outside environmbite the former are internally oriented and
result in mental change, yet both types of toolsliate activity. Thus, using the idea of signs,

Vygotsky attempted to link the external (the soplahe) with the internal (individual plane).

Vygotsky (1962) considered concepts or word meanihgt are learnt at school to be ‘scientific’
concepts. He distinguished these from ‘spontanemrgiepts that he believed emerged from the
child’s reflection upon everyday experiences antthwvhe suggested are not subject to conscious
awareness. On the other hand, scientific conceptmadiated through other concepts with their

internal, hierarchical system of interrelationshigggotsky argued that in school instruction, a
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word assumes a particular form of communicationredme word meanings are learnt as part of a
system of knowledge. Thus these signs begin taifumaot only as a means of communication,
but as the objects of the communication activityotigh instruction, the child’s attention is

directed explicitly toward word meanings and theterrelationships.

This socio-cultural perspective of learning wastipalarly useful to me since it helped me to
focus on the classroom interaction as a ‘startpigte for learning mathematical words. It also
allowed me to shift my focus from this social mili¢go the individual, in order to be able to
discuss ‘sharing of meaning. In the following sewst | elaborate further on how the

consideration of signs helped provide a theoret@matdation for my study.

4.3 Meaning through signs

Wertsch and Tulviste (1996) believed that Vygotskgwn interest in signs may have been
derived from the writing by the contemporary lirguSaussure, who gave importance to the
social aspect of word meanings. Saussure (1983evatoout the links between concepts and
sound patterns, as in the case of when the nofiantree (the ‘signified’) is represented by the
word tree (the ‘signifier’). Saussureil{id) considered such links as signs which, although
arbitrary, come to be established within a comnyuiibwever, according to Wells (1999), since
Vygotsky's main interest was inner speech, hisestents regarding language and culture were
rather general. Wellsibid) suggested that Vygotsky did not give details alibe role that
mediation plays in social encounters, both in teomsstantiating the culture and in modifying
it.

For the purpose of my own study, | felt that | reddo address explicitly how signs relate to
each other, since | anticipated that word meanimglse classroom would be conveyed through
links with other words, diagrams, objects and notatHence, | turned to a theory of semiotics -
that is, a consideration of sign systems - as esgubby Charles S. Peirce. | chose to work with
Peirces’ theory rather than Saussure’s since ther las mainly concerned with the relatively
stable linguistic structures of language (Whitst®97). | wished to use a theory that took into
consideration the “dynamic and productive actiatysigns” (Whitson, 1997, p.99), and one that
incorporated the idea of flexibility of individuedeaning.
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Peirce’s sign relation was expressed as a triathcamd included the following elements: a sign
or representamerthe objectthat the sign represents and thierpretantor interpretatioh Eco

(1976, p.59) illustrated Peirce's epistemologitawby means of the following diagram:

Interpretant

Representamen \ Object

Figure 4.1. Peirce’s semiotic model as shown by (#8@6, p. 59)

In Hausman (1993), Peirce stated:

“The essential nature of a sign is that it medidtesveen its Object, which is

supposed to determine it and to be, in some strseause of it, and its Meaning

... the object and the interpretant being the twaeatates of every sign ... the

object is the antecedent, the interpretant theemprence of the signthid, p.68).
Therepresentamenorresponds to the common notion of a sign or &ynas something used to
represent something other than itself. Peirce ifieditthree types, and these are explained in
Greenlee (1973) and Rosensohn (1974): icons whedmmble the objects (an example could be a
picture of a dog to represent the real animal)iceslwhich have the power to compel attention
to an object although they do not resemble them (minting or stating “there!”) and symbols
which bear no resemblance, but represent the objestrtue of interpreters' habits (e.g. the

numeral3 to represent three-ness).

With regards to the notion of an ‘object’, Hausnta@93) explained that Peirce did not use the
word objectin a realist sense. Rather, the object implies tivere are external resistances or
independent conditions that constrain interpretatidausman offered the example of using the
utterance ‘Abraham Lincoln’ as a sign to referhe historical person (the ‘object’). In order to
establish a relationship between the utterancettaagerson, the speaker must be acquainted

with various aspects of the object such as the adigmesidents and that of referring to persons

+ It should be noted that sometimes Peirce used trd sign interchangeably with representamen, while on other
occasions he used it to refer to the whole triasel it in the former sense.

43



by proper names. These in themselves are not dlgewtternal realities, but can be considered
as cultural units that, as Eco (1976) suggestédinaan group decides to use and recognise as a
vehicle for something else. Hence, Ednd) considered the meaning of a term to be a cultural
unit, which is “anything that is culturally defin@ehd distinguished as an entity” (Eduid, p.67)

and | can include mathematical notions among sotties.

The third element of the triad is the interpretdhat Greenlee (1973) likened to an
‘interpretation’. According to Lidov (1999), thet@rpretant is the awareness of the object in the
light of its representamen and thus the interptetha sign is what might be call ‘meaning’. Eco
(1976) provided the following conception of thesiqiretant:

“The most fruitful hypothesis would seem to be thadt conceiving the
interpretant as another representation which ieredd to the same ‘objectin
other words, in order to establish what the inteigont of a sign is, it is necessary
to name it by means of another sign which in tuas another interpretant to be
named by another sign and so on. At this point heggns a process of unlimited
semiosis, which, paradoxical as it may be, is timy quarantee for the
foundation of a semiotic system capable of checkisgjf entirely by its own
means... Thus the very definition of 'sign' impliespeocess ofunlimited
semiosis(Eco,ibid, p.68-9, italics original).
Hence, although the model presented in Figure gpkars static, Eco (1976) explained that a
chain of interpretants may be viewed as continbtisgs which refer a sign (representamen)

back to another sign.

| found Peirce’s view of semiotics useful on thiater-related counts. First, the interpretant
element allows for flexibility of meaning. Eco (187suggested that meaning is not fixed, but
rather it is a possible interpretation by a possibiterpreter and this offers a theoretical
justification of why pupils sometimes express megsi differently to that offered by their

teacher. As suggested by Saenz-Ludlow (2004)giissproduced the same interpretant in all
interpreters, communication in general and thehiegoof mathematics in particular, would be a

straightforward enterprise, offering no challenggeteachers, pupils and | might add, researchers.

Another strength of Peirce’s theory was that it ktomto account the duality of
objective/subjective knowledge and hence linkedstiaal with the individual, an idea that was
essential to me as | considered how meaning wasaathe classroom. Whitson (1997) stated

that Peirce considered an interpreter as an exteomalition of the sign and not an essential
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internal constituent of the triad itself. Whitsoibid, p.105) argued that for an individual, a
representamen “appears within and against pantitaiazons and backgrounds”. This accounts
for the element of individual subjectivity within social context and also accounts for the
objective element that ‘conditions’ an interpretati Vile (2003, p.43) suggested that since an
interpretant becomes a ‘thought sign’ or a represeen in the mind of the interpreter, it is
impossible to pin down the interpretant as beirgidi| or outside one’s head. Rather, it exists
through an intertwining of the private and the putfRadford (2001) explained the double life of

signs as follows:

“On the one hand they [signs] function as toolewilhg the individual to engage

in cognitive praxis. On the other hand, they aret p# those systems

transcending the individual and through which aiadoreality is objectified”

(ibid, p.241).
Third, the theory provided a way to engage in @uwdision about ‘meaning’. Sierpinska (1994,
p.13) suggested that “few concepts have causedials trouble in philosophy as the concept of
meaning”. Kilpatricket al (2005) explained that the discussion of meaning digen rise to
different philosophies of mathematics and the wsiteffered a collection of essays in which
meaning is discussed in a variety of ways. In drie@essays, Otte (2005) offers Peirce’s theory
of meaning as a possible perspective, statingftrasomething to have meaning, it must be
related to something else, that is, nothing canmesan itself. This idea was relevant to me since
| anticipated that mathematical words used as gfathe medium of the classroom, might be
endowed with meaning through their association wvather words, diagrams, objects and
notation. In fact, using the triadic view, | devedol an analytic tool that allowed me to discuss

this association. The tool will be explained intiet4.5.3.

4.4 Establishing a methodological approach

Just as | assumed that pupil knowledge was indVidnd was created through social contexts
for pupils, so too, as a researcher | consideratiahy ‘reality’ | might observe or experience
was a context-bound personal interpretation of #svehlence, | chose to carry out an
‘interpretative’ type of project. Mertens (1998)fased three broad categories of research,
namely: Positivism/Postpositivism, Interpretive/Gactivist and Emancipatory. The categories

are summarised in Table 4.1.
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Assumptions re Assumptions re Approach to
nature of reality nature of enquiry
(Ontology) knowledge
(Epistemology)
Postivism / One reality Researcher (Primarily)
Postpositivism manipulates and  quantitative;
observes in a interventionist;
dispassionate, decontextualised.
objective manner.
Interpretive / Multiple,  socially Interactive link (Primarily)
Constructivist constructed realites ~ between researcher qualitative;
and participants; contextual factors
values are made are described
explicit; created hermeneutical;
findings. dialectical.
Emancipatory Multiple  realities Interactive link (Primarily)
shaped by social, between researcher qualitative
political, economic, and participants;  (dialogic);
ethnic, gender,  knowledge is contextual and
disability (etc.) socially and historical ~ factors
values. historically situated. are describec
especially as the
relate to oppression.

Table 4.1 Three main research approaches (adaptadMertensibid, p.10)

Certainly, my interest in the complexity of sogaflituated learning and acknowledgement of
flexibility of meanings implied that | did not agee a positivist position. | did not locate myself
in an emancipatory methodology either, since atthoone of my aims was to problematise the
use of English as a medium of instruction for mathgcs, it was not my intention to highlight in

detail teachers’ and pupils’ experiences as thadlithem, in an attempt to empower them to

contemplate or bring about change.

Being aware of my research questions and belietsen reflected on an appropriate research
design. | rejected a quantative approach, sinseishassociated with a positivist perspective and
would not allow me to observe the teaching-learmracess as it unfolded, nor discuss in detail
with teachers and pupils. Rather, | was promptecotaduct a qualitative study, which Denzin

and Lincoln (2000) defined as follows:
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“Qualitative research is a situated activity (.lt xonsists of a set of interpretive,
material practices that make the world visible. Séhpractices [...] turn the world
into a series of representtions, including fieldeso interviews, conversations,
photographs, recordings, and memos to the gbl, (p.3).

Qualitative studies may take various forms. Mertgr®98) listed seven main strategies which

are indicated in Table 4.2.

Possible research strategies for qualitative resezn

Ethnographic research A method used to describetipes and beliefs of cultures
and communities. The focus of such research ig to
understand a situation from an insider and outsider
perspective. Researchers may start with a thedrighahey
then modify or abandon if it does not ‘fit’ in withe data.

Case study An example of ethnographic researclinalves intensive
and detailed study of one individual or group.

=

Grounded theory Theoretical propositions are taied at the outset. Rathe
generalisations (theory) emerge out of the dagdf.its

Participative inquiry (1Xooperative inquiry Co-researchers identify a research
problem they want to work on together; they implam
research procedures in everyday life and work; ttheyw
conclusions for change in practice or need for tauuil
research.

(2) Participatory action research This emphasises th
establishment of liberating dialogue between oFa@s
groups and the political production of knowledgeeTole
of the researcher is a change agent to providesrioyyities
for oppressed voices to be heard.

[¢)

[¢)

Phenomenological A study that emphasises an individual's subjective
research experience of the world and life around them.
Clinical research The application of qualitativeethods to bio-medical

problems to investigate physical, behavioural, a&pci
emotional and spiritual aspects in relation to gsptal or
psychological problem.

Focus groups Group interviews that rely not a toesnd-answe
approach, but on the interaction within the grotigs gives
evidence of say, the struggle to understand others
interpretations and how differences are resolved.

Table 4.2. Types of qualitative studies (adaptethfMertens, 1998)

Since my interest was in classrooms, the intenactierein, and pupils’ expression of meanings,
| considered that the last four strategies expthaigove were not applicable to me. However, |

felt that | could draw on the first three.
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Ethnographies generally tend to focus on the ‘celtof a group of people, say, highlighting
aspects of their life-styles or social relationshipver time (LeCompte and Preissle, 1993).
Although this was not exactly what | hoped to dalid wish to focus on on-going settings in
socio-cultural contexts where events occur as humtanaction takes place (Shimahara, 1990),
and my interest was in fact to deal with real-lfentexts (Hammersley, 1994). Hence |
considered methods that Hammersligjd] offered as suitable for an ethnography: obsesmati
and interviews, interpreting the meanings and fonstof human actions, and expressing results

through descriptions and explanations.

It also seemed appropriate to consider a case-spuipach. According to Sturman (1994) ‘case
study’ is a generic term for the investigation afiadividual group or phenomenon. However,
the expression ‘case study’ has been defined diitsr by various authors (see Bassey, 1999, for
a detailed discussion), and therefore Bassey (1P88grred the term ‘singularity’. | find the
term singularity useful in that it is set in opgmsi to the ternmgeneralisatiorso often invoked in
guantitative studies based on large samples. B%96%, 1999) defined a singularity as a study
of a particular set of events bounded by spacdiaredand stated that the focus of research is an
issue rather than the case as such. | had no evisidtand present generalisations and | did not
believe that every primary classroom would yield #ame data or issues. Yet, Bassey (1995)
stated that a singularity is chosen because kpsaed in some way to be typical of something

more general and as Wolcott (1995) aptly put it:

“Each case study is unique, but not so uniqueatannot learn from it and

apply its lessons more generallyi€, p.175).
Watson (2002) stated that such studies can heipdesvelop tentative characterisations and alert
others to issues that might help them make senseeofwork. | believed that carrying out a
small scale study would allow me to recognise tmatain situations can, and do, occur. Since
the aim of my study was to offer reflections thatuld be used in discussion with other
colleagues to enhance the immersion debate, Itfigit a ‘singularity’ could serve as a
springboard for such reflection. Indeed, becaus¢éhefdetail that a small-scale study would
allow, | considered such an approach to be a gtremgther than a weakness, of a possible

research design.
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Hence, assuming a small number of participantéarimed to collect data through observations
and interviews. In Table 4.3, | show why | consatkthese methods to be appropriate to help me

address each of my research questions.
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Research Question

Data Required

Research Method

Language as (1) How does the NMC Teacher and pupil opinions regarding the mediumsifuction policy; Interviews with teachers and pupils
medium recommendation regarding the use
of English for mathematics fit in Classroom observations to note teachers’ and pupitdual use off Lesson observations
with other educational principles English/Maltese;
promoted in the same document
Personal reflections on classroom interaction guidians in the light of the Reading of NMC document
NMC document.
(2)(@) How much, and with what | Stretches of classroom interaction to focus on tlerend ease of pupll Lesson observations
ease, do pupils talk in immersign | contributions;
classrooms?
Quantification of the use of mathematical wordsrdytessons; Lesson observations
(b) How ‘mathematical’ is thei
talk, in terms of the inclusion gf | Teacher opinion regarding the usefulness of mattiemhaocabulary in orde Interviews with teachers
mathematical vocabulary? to aid my reflections on pupils’ use of the words.
Shifting Frequency of word use in class; teachers’ and puglsions regarding which Interviews with teachers and pupils
from mathematical words were ‘new’/ previously familido pupils; pupils’
medium to -- expression of meanings for new words. This in ordenfe to be able to relate | Lesson observations
message frequency of use with (a) previous familiarity atherwise; and (b) newly

shared meaning.

Language as
message

(3) What conditions appear to |
helpful for a teacher to ‘share’ th

meaning of (a selection o
mathematical words with th
pupils?

T

Pupil explanations of meanings for words to gaugetiadr meaning has beg
‘shared’ or not.

Classroom interaction within which mathematical veoredte used in order t
attempt to explain conditions of word use that appelpful or otherwise.

Teachers’ intentions for the week in order to hedflections on what wa
‘covered’ during the week; teachers clarificatiorgarding selected parts
lessons to help my interpretation of lesson intevac

N

Interviews with pupils

Lesson observation

Interviews with teachers

Table 4.3. General plan of research design
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| can now outline how | organised the data coltett{details are presented in Chapter 5). |
observed primary mathematics lessons, focusing tteytaon on stretches on interaction that
‘surrounded’ mathematical words. The same excesfisved me to reflect on my various
interests. For aspects relating to language asdaumel considered the pupils’ extent of talk and
use of English and mathematical English, while dspects of language as a message, | re-

considered the same excerpts in terms of meankmessed (by the teacher and /or pupils).

| also conducted interviews with the teachers leefoset of lessons. This was mainly to gauge
their intentions for the lessons, and ask theiniopis regarding the use of English as a medium
of instruction. After the lessons | also intervielithe teachers to ask them about certain points
that had occurred in the lessons. These intenimlged me to ‘see’ the unfolding of the lessons
from the teacher’s point of view. For example,kexsthem which mathematical words they had
considered to be key, and this fed into my disaussegarding the inclusion of mathematical
words; | asked them about what they had wishedHare’ with the pupils, and this helped me in

my discussion of sharing meaning.

In order to address pupils’ expression of meanimgterviewed some pupils after the lessons. |
compared the pupils’ expression of meaning to éxaressed during the lessons (generally by
the teacher) and reflected on any similarity omsididarity of meaning. | then attempted to
explain successful ‘sharing’ or otherwise by coesm how clearly meanings had been
expressed in class. Following Mercer (2000a), bimexl that teachers introduce technical words
to pupils by using them in contexts that rendeirthegeanings clear. However, | wished to
explore what, in fact, rendered meanings ‘clearj Awas also open to note other features of

word-use that helped or hindered sharing of meaning

My disposition to ‘discover’ ideas from my data iled that my study was, to a certain extent,
‘grounded’ (Glaser and Strauss, 1967). Accordin@t@armaz (2000), grounded theory offers
flexibility because researchers can modify theiergimg or established analyses as conditions
change. Indeed, as my project unfolded, | develogeat Mason (1998) called new sensitivities,
and these in turn prompted me to consider newffardnt aspects as data. Strictly speaking, in a
grounded study, data collection and analysis osicoultaneously until ‘theoretical saturation’ is
reached (Dey, 2004, p.80). That is, decisions digardata collection are taken in the course of

the study. In my case, ‘new’ data was the mainystiata, as opposed to the pilot study, sed
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visiting the main study data as new sensitivities developed came to ‘see’ things that | had

not been attuned to notice before, new evidence ¢ato being through renewed interpretation.

In Table 4.4, | outline how | restructured my atiem over time (Mason, 1998) and indicate how
main themes appeared. These ideas will be discusskediail in Chapters 6 — 11, but three things
are important to note in relation to reading thél&a(a) for reasons | explain in Chapter 5, the
focus of my study changed from the pilot to the nv&tudy phase from a focus on code-
switching practices to issues of immersion; (b) mesearch questions themselves actually took
shape through the course of the project; (c) tineicte model mentioned in the Table will be
explained in Section 4.5.
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Starting assumptions

Open to ‘discover’...

New sensitivities

New assumptions

Open to ‘discover'...

Main points arising that
formed the basis of this

write-up
Mathematical language | How is a Mixed Mathematical Mathematical languag In  what ways is The English immersiol
is an important aspegt | Maltese English vocabulary appears tp is an important aspect ¢ immersion problematic?) recommendation is N
of the subject. mathematics  registe serve ‘different’ roles the subject. What are teacher's and tension with other NMG
constituted? e.g. references, denote pupils’ opinions abou recommendations.
Code-switching is 3 concepts. The immersion approac the use of English?
helpful practice for for mathematics may b What does the English English mathematical

sharing meaning with
pupils.

Teachers introduc
technical words by
using them in dialogue
that make their
meanings clea
(Mercer, 2000a).

1°

How are the two
languages used in ord
to render meaning
‘clear'?

New English words arg
taught and then assumg
familiar by teacher
Links between Maltesg
and English words, an

2d

2= " 4

problematic.

Teachers introduc
technical words by usin
them in dialogues thg
make their meaning
clear. Clarity considere
as links with diagrams
notation.

mathematics
‘sound’ like?

=

registe

What renders meanin
clear? (Focus on links

(®]

between words
diagrams, notation
focus on different]

‘types’ of words).

vocabulary may be use

non-‘conventionally’.

Gestures play a part i
Pupi
inclusion of mathematica
vocabulary depends o

communication.

various aspects.

Clarity can be discussed fi
words  that
references  and
properties and concepts.

Two other conditions apal

from clarity appear to b

>

serve  al
deno

—

%

notation and diagram helpful for sharing
appear helpful. meaning.
4

The development of 3
semiotic model prior to
the collection of main
study data.

Table 4.3. The development of sensitivities oveeti
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4.5 Towards an analytic semiotic model

After the pilot study (see Chapter 5 for detaiés)d prior to collecting the main study data, two
important developments occurred. First, | becamarawf the different ‘roles’ that mathematical
words played, for example as references, or totdgmoperties, relationships or verbs. Second, |
came to feel the need to have an analytic tool wwatld enable me to talk about ‘clarity of
meaning’. In this section | show how the two cameotogether in a semiotic model. | first
present Vygotsky's views regarding reference andcamimg, then explain a triadic model
developed by Heinz Steinbring (1997). Finally, lidhon his model to create my own as a tool to

help me focus on my discussion of meaning of maétieal words.

4.5.1 Different ‘types’ of mathematical words

In his discussion of how children learn new conggy@lgotsky distinguished between ‘referent’
as opposed to ‘meaning’, and considered the fornmepe the original function of a word
(Vygotsky, 1981c). In the early phases of a childésselopment, a word uttered by an adult
serves the purpose of an indicator or index anérhgps accompanied by a gesture or verbal
indicator like the word ‘that’ - it regulates thRild’s attention to an object. Werstch (1985) drew
a parallel between Vygotsky's reference and Perc&lex, since both serve a role of indicating
objects. Both writers implied that for a referenites sign and its object must be co-present and
that the object is characterised in only a minimay. Indeed, indexing does not say much about
the object beyond drawing attention to it (Goud§8685l cited in Wertsch 1985). In contrast, the
symbolic function of speech involves the classiima of objects and events in terms of
generalised categories and eventually the formatiorelationships among these categories.
Vygotsky (1962) stated that in the most advancenh fof generalisation, a concept involves a
relationship to another concept. At this pointgiaage can operate independently of the concrete

context and meaning is mediated through words alone

In my discussion of mathematical words up to nowave not distinguished between different
‘types’ of words. | would now like to make a digtiion between the various roles words may
serve. A word serving as a reference serves totpto something. For example, the word
square can be used to refer to a particular shape: ah¢éeamight attach a large coloured
cardboard shape on the whiteboard, touch it and™ag is a square’. Or she might from a
distance say ‘That coloured piece of cardboar@dlied a square’. Here, the wasduareacts as

a label for the shape, while the gesture or wodéxrithat’ draws attention to the tangible object.
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Other words that | suggest can be used in a rafakeray are for examplgraph,as a name for
a particular diagram, angplus sign as the name for a symbol. Such words are usedose cl
proximity (in the sense of perception) to the obfeavhich they refer. | consider this nominative
role of a word to be a first layer of meaning (Ridel998), which can then be extended to

further layers of understanding.

On the other hand, words can denote propertieslationships. Respective examples largy
[line] or odd [number]) andyreateror ratio. These words cannot be referred to indexically &k
square or a graph, so that the meaning for thesedswaelongs to what Vygotsky called a

‘symbolic’ plane.

Finally, | also note that a mathematical word mayakverb, that is, it denotes an action. | may be
able to understand some verbs if they are usedefegential way. For example, if | am told that
an observed person is swimming, | might assoctaewtordswimmingwith the action taking
place in water. However, | suggest that understentlie meaning of a verb includes being
aware of the function the action serves, so ttially appreciate the meaning swimmingif |

am aware that the action can serve as exerciseomot down. Furthermore, some verbs imply a
more complex interpretation. For example, suppasa told that an observed person is welding.
If I do not know what the worgvelding means, then | am unsure on what to focus in daler
interpret the word. Is it the creation of sparkattis welding? Is welding the action of holding a
piece of metal? Is it the covering of one’s facéhva dark mask? What exactly is the person
doing to the metal rod? And so on. In order to ustd@d what the wordeldingmeans | need to
appreciate théunctionof the action, that is, what it can achieve, whes carried out, why, on
what objects, the tools needed and so on. Thusrstadeing verbs generally goes beyond the

referential. Examples of mathematical verbsstare plot andsubtract

4.5.2 Steinbring’s triadic model

Within mathematics education, there has been atrecege of interest in semiotic issues (Vile,
1997). Vile (bid) suggested that this is because semiotics offerscabulary for thereotical
description of meaning-making that accounts for gbeio-cultural nature of experience and it
allows for empirical focusing on signs that carphelsearchers understand the meaning-making
process in specific contexts. Semiotics is paritylrelevant to mathematics since mathematical
notions cannot be directly perceived; rather, actesnathematics must necessarily pass by way

of semiotic representations (Duval, 2001). Suchiesgntations in the classroom are many and
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diverse, including number systems, figures, graghrepresentations, algebraic and formal
notations and language (Duvidid). For the sake of brevity | do not give detailgedearch that

has been carried out, but for the reader’s inter@sdicate some studies in Appendix B.

Of particular interest to me is Heinz Steinbringlerk, and | built on his model for my own
purposes in order to address not only ‘meaningt, dso the notion of ‘clarity of meaning'.
Steinbring (1997, 2005) developed a triadic mouteilar to the one | presented in Figure 4.1 but
he used alternative terms: ‘sign/symbol’ for repreamen, ‘object/reference context’ for object,
and ‘concept’ for interpretant. (His model is adljuan adaptation of the one offered by Ogden

and Richards (1923) who use the tesysbo] referent andthought or referenceespectively).

Object/Reference Context ‘ N sign / symbol
concept

Figure 4.2. Steinbring’s (1997, 2005) epistemalabjiriangle

Steinbring focused his attention on mathematicahtion and diagrams. As an example of a
triad, Steinbring (2002) offered ‘3’ as a sign/syhbdiagrams of three apples / balls as a
reference context and ‘elementary number conceptha third component. In another example
Steinbring gave the respective elements\v&s:a unit square with a diagonal marked in, and
‘aspect of the concept of real numbers’ (Steinhrit@07). Steinbringil§id) considered that the
notation functions as a sign because it represbat®bject in some respect. For example, the
symbol 3 refers to the numerosity of the set ofsbahd not to say, their colour or shape.
According to Steinbringilfid) children learn to mediate between signs/symbals abjects
through examples, and hence meanings of mathematiceepts emerge in the interplay

between sign/symbol and reference contexts/objgoiaths.

Steinbring ibid) suggested that the object should be known ineastl some basic aspect.
Certainly, a unit square with a diagonal is not eomdependently existing entity, but the
perceiver must already have some conception ofcespef it through previous cultural

experiences (e.g. lines, shapes as mathematidid®nrientations, and so on). Thus, a transfer
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of relations can occur from a relatively familiaference context to a new, unknown sign system
(Steinbring, 2005). | believe that Steinbring’s ude¢he expressioreference contexnstead of
object in his model is a significant one since it seemsntake explicit that an object is
understood “primarily in terms of the context ofvatvement in which it is normally
encountered” (Van Valin, 1980, p.218) and theretbeerelationship set up between object and
sign depends on the context in which they are &stsoc

According to Steinbring (2002, p.8), the epistergaal model allows for a flexible switching
between sign and reference context, by exchanagoles of each: “sign systems and reference
contexts are then temporarily equal ... none prectaesther’. For example an empty number
line, with only the numbers 17 and 25 shown, cawvesas a reference context, which is
symbolized by ‘17+ __ = 25'. In this case the aridfticrsymbolic structure is partly explained by
the number line. On the other hand, the notatien 1% 25, which may already be familiar to the
children, can be symbolised by the empty numbes. IfFor the benefit of young children, the
reference context is often a real life context @icure, but Steinbring (1997, 2005) stated that
the empirical character of knowledge can be ininghsreplaced by diagrams or other sign

systems in order that relational connections aragse

In his recent publication, Steinbring (2005) préednconsecutive epistemological triangles to
illustrate successive interpretations by the leamée construction of mathematical knowledge.
Steinbring ibid) developed the triangles alongside a paralleludision regarding the classroom
communication that accompanied the signs and mafereontexts. For brevity’s sake, it is not
possible for me to go into detail about this wdrlt the point that is necessary to make here is

that my own model grew out of Steinbring’s eanigiting dated 1997, 2002.

4.5.3 A semiotic analytic tool for mathematical meaings

As an analytic tool to aid me in my discussion @aming, | chose to represent meaning through
two different types of diagrams. | used the follagvrepresentation to illustrate the meaning of a

word in a referential role:

Coloured shape o ———» Square
board

Figure 4.3. Diagrammatic representation of a ward eeference
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On the other hand, | used a triadic model to regmemeaning of words that go beyond the
referential. Lemke (2003) recommended that it i/ diy cross-referencing and integrating

verbal language with say, written expression, diagr and chalkboard cues that meaning is
effectively made and shared. In anticipation of lthking of these signs, | adapted Steinbring’s

model as follows:

Reference context Sign

Mathematical

word in focus

\ Meaning/

discussio

Meaning for
word

Figure 4.4. Epistemological triangle for a mathecahivord

| considered that although a ‘sign’ might be — agially suggested by Steinbring — notation or
a diagram, it could also be a mathematical worteplaced Steinbring’s lab&onceptwith
meaning The reason | did this was because | anticipdtatlitwould wish to discuss meanings
for words that denoted propertiesd(l equilatera) and verbs ghare plot), which | do not

normally refer to as ‘concepts’, a word | tendeearve for relationships suchrasltiplication

As part of what | viewed as a reference contexncbrporated the element ‘familiar words’
along with the object of discussion. As stated lgréér (2000b):

“words gather meanings from ‘the company they keephat is, from the

influence of the meanings of other words which ased with them” (Mercer,

ibid, p.67)
Mathematical words keep company with many otherda@nd the teacher may wish to draw
attention toparticular ones to establish associations. This might be @tther by stressing the
relevant words or changing intonation or indicatthgir importance in some way or another.
(For the sake of simplicity of presentation, | hans included gestures and vocal stressing in
Figure 4.4).
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Wertsch (1985) explained that any situation, ewegnbbject has many possible interpretations
and the speech used serves to impose a partiotdégprietation. Hence, | suggest that the object
serves its purpose in the development of mathealatieas thanks to what is rendered salient
through familiar language. So for example, whendliag a 10 cents coin, a teacher might use
language to direct attention to the number on a tobrder to lend meaning to the woraue.

The choice of this language can be contrastedhter @lternatives that would draw attention to
the images on the coin, its thickness, the matiigimade of and so on. In cases where there are
no perceivable objects or pictures available, lagguserves as its own context and meaning is

conveyed through words alone.

As a new word becomes established, it may thersed to support further learning by assuming
a new role as one of the ‘familiar words’ in a refece context, and hence a chain of
signification can be set up. This chain can beasgmted as a sequence of triangles as shown in
Figure 4.5:

(part of) Referenc
Reference context Sign context

Meaning Meaning

o et

Figure 4.5. Chains of signification

In my study, | planned to use this model to illagtrchains of meaning that were apparently set
up through classroom interaction in an attemphsres meaning. In a teacher-directed approach,
it is likely to be the teacher who would set up timks, although the pupils’ input may also
contribute. | acknowledge that the model only takds consideration things that I, as a
researcher, can perceive: spoken language, whittheark, pictures, gestures etc. The model
does not take into consideration other factors ey very well impinge on a pupil’s attention
during a lesson, factors that may therefore detirmch meaning being shared. These might

include affect for the subject (Evans, 1999), isein the specific task at hand, mood or frame-
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of-mind, momentary distractions and so on. Anofimitation of my model is the use of the
blanket expression ‘familiar words’. | acknowledpe difficulty in establishing which words
used by a teacher are familiar to the children ataas, and if indeed familiar, to what extent. |

will return to this point in Chapter 8.

4.6 Reflections ondiscourse’

As a final reflection, | would like to comment onddemma | had as | worked on this project
This was whether to consider mathematical langiaggrms of a ‘discourse’ or not. The reason
for my uncertainty was that although my study d&vénsome features common to studies that

claim to be analyses of discourse, it also hadifeatthat were quite different.

According to Sierpinska (2005), the meaning ofwloed discoursewithin educational research
has changed over the years, but an important &afithe word’s use is that it brings into focus
social aspects of a situation. Hodge and Kress8)188ed the wordliscourseto refer to the
social process in which texts are embedded, whilliddy himself used it in his discussion of
register. Phillips and Jorgensen (2002) explaiteed the concept has become vague through
different applications, but that in many cases, dbeeral idea is that language is structured
according to different patterns that people’s attees follow when they take part in different
domains of social life. Discourse analysis is tilea analysis of these patterns. Phillips and
Jorgensen ilfid) reported that some researchers choose to anapmgle’s discourse in
everyday social interaction (e.g. the significaoteational identity for a work-place interaction)
while others prefer more abstract mapping of thecalirses that circulate in society (e.g.
‘medical discourse’). One particular form of discs analysis is ‘discursive psychology’
developed by Potter and Wetherell (1987). In tgpreach, the rhetorical function of talk is
explored. An example of such analysis is that edraut by Barwell (2003a) who studied pupils’
interaction within a group as they solved word peots together. Barwellifid) considered
‘attention’ as a discursive resource, identifiedtgras of attention in the pupils talk and
considered how the areas of attention were constiiand deployed by the pupils as part of the

sense-making process.

A research interest iaritical discourse analysis implies reflecting on partiniga‘positioning’

or their “socially significant identities” within aontext (Gee, 1997, p.256). Often, in critical
discourse analysis projects, power relations argiesi and problematised. For example, Burton
and Morgan (2000) discussed the identities thahemaaticians present to the world and the
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ways in which they represent mathematical activitpugh their writing. Creese (2004) reflected
on the power relation apparently at play betweesstbom teachers and EAL facilitators, a
relation she believed was created and maintainedigh the respective use of ‘expert’ subject

knowledge and the apparently less important languagd for general support.

If I consider my own research interests, | notd thdid plan to problematise the immersion
method, and hence did consider the social situati@ncritical way. Also, for my second focus,
and drawing on Halliday (1978), | commented on rslationship between the teacher and the
pupils, and the role of language when considetiegeixtent and cohesion of pupils’ talk, and the
inclusion of mathematical words. However, beyorat tioint, | did not examine the patterns of
classroom talk nor see how these are related imna¢tor example, as | discussed the inclusion
of mathematical words as part of the medium beisgduy and the meanings apparently
expressed, | did not deal with the ‘type’ of matlagics that pupils may be learning through the
talk (procedural, investigative etc.); | did notegtion the pupils’ roles in the creation of
mathematics (receivers / creators of knowledge et their resulting possible affect for the
subject. My analysis of meaning centred on assoomtthat teachers and pupils appeared to
make between words, and how the words were usednjunction with diagrams and notation.
(More detalil in this regard will be given in Sectib.7).

Furthermore, in my study, | did not tackle issuégpawer or identity. Rather, &ssumedan
asymmetry of power in environments where learngilikely to be teacher-directed. Following
Pimm (1994), | took the view that this need noaleegative thing. Like Pimnib{d), | believed
that it is not inappropriate that teachers shoslkl their positional power to teach what they hold
to be important. Hence, | decided not to use thedwdiscoursebut used the expression
mathematical languaga@stead, since | felt that the latter would bettacompass the various

aspects of my study.

4.7 Conclusion

In this chapter, | explained my methodology andiskxia semiotic tool to help me to deal with
the notion of ‘meaning’. | also indicated the rasbadesign | believed appropriate for addressing
my research questions. | will now explain in moetadl all the choices and practical aspects of

the data collection phase.
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CHAPTER FIVE

The Data Collection Process

5.1 Introduction

In the previous chapter | indicated the researctmoakel planned to undertake in order to address
my research questions. As a general research dekigstablished that | would observe
classrooms and conduct interviews with teacherspmils. In this chapter, | explain all the
choices | made and give details of the practicplémentation of the research design. As a way
of introduction, suffice it to say that | first ceed out a pilot study that focussed on the teaghin
of two topics in one classroom, while for the mstindy, | considered two topics for each of two

classes.

5.2 An unforeseen change in direction

One important development in my study was the @s®en change in my sense of direction. My
original research interest had been to study dasss in which code-switching was used, in
order to reflect on the structure of the Mixed Maé English register and on the sharing of
meaning of mathematical words through the two laggs. The code-switching element was, in
fact, present in the pilot study. However, in thaimstudy | actually observed tvwmmersion

classrooms in one school and this significant char@gds explaining.

On first approaching the pilot and main study teashl stressed that | needed classes in which
code-switching occurred. Although both schools ddrmal policies to use English during
mathematics as much as possible, all three teaelxptained that they did in fact use code-
switching. | had no reason to doubt this, sincéhsauituation — that is, a theoretical stress on
English, but a practical compromise with Maltese a common one in Malta. The pilot teacher
did use code-switching and this suited my origiaiah. On the other hand, the two teachers
involved in the main-study used only English. | di@e aware of this when | observed a first
extra ‘trial’ lesson. | expressed concern with thachers that | was going to lose out on the
crucial code-switching aspect, but they assuredhakecode-switching would occur, especially
when children did not understand. However, as Iched the second trial lesson, English

continued to be used exclusively by the teachedsadmost exclusively by the children during
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whole-class interaction, and | began to realisé ttea policy to use English was being adhered
to. At this point | considered whether | should g schools, but decided to stay on for two

reasons.

First, the Head of School had made an effort toersodate me and the teachers had welcomed
me willingly and with trust. We had already estsitsid the topics to be observed, made out a
schedule for lesson observation and the interveavassent a letter home to the pupils’ parents. |
had already sat in for, and recorded, two trisddes. Hence | felt uncomfortable informing the
Head of School and the teachers that the situstmrid now not match my research interests.
Second, on the same day that | sat in for the set@mh lesson, the school received a notification
from the local Teacher's Union: as a result of acident arising out of a totally unrelated
research project in another school, the Union gsudirective to all schools not to allow any
video-recording in classrooms. The Head of Schadl laclarified my own situation with the
Union, explaining the approach | was using witharegio confidentiality (see Section 5.4), and
that | had my University’s support to conduct mgearch. | was ‘allowed’ to continue with my
recordings and therefore decided to stay on astheol. It was highly unlikely that any other
school would have accepted me at that point siocalll, the Union directives are strictly
followed. Indeed, had the Union insisted that pstecording, the Head of School would have,

albeit reluctantly, asked me to withdraw.

Staying on however, meant that | had to alter ney by including a discussion on the immersion
recommendation itself, considering Bnglishmathematics register and reflecting on sharing of
meaning through a second language. This changdréatidn resulted in the study | am

presenting.

5.3 Issues of validity and reliability

Since | carried out a small scale study, | wouke lio begin by commenting about two features
that have traditionally been considered crucia t@search project: validity and reliability. The
concepts have traditionally been associated wigntiiative tests. Validity refers to the degree to
which a method or research tool actually does mreasthat it is supposed to measure
(Wellington, 2000). However, it takes on a diffaresignificance in qualitative studies if, as
Mason (1998) suggested, we accept to let go of nibiion of certainty associated with
guantitative approaches. Masohid) stated that an alternate stance opens up theoavagw

assertions as invitations and conjectures that b®a checked out with others who find such
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assertions helpful. In qualitative research, viflidgnay be considered within the parameters of
the particular setting, population and theoreticainework and therefore it is important to state
these parameters clearly (Marshall and Rossmar®)1B8order that different readers share the
same interpretation as much as possible, an ietatpre study builds in ‘safe-guards’ (Wiliam,
1998). In my case, this safe-guard is my attempta&e explicit any assumptions and decisions
and the exposition of the analytic tool with whilathoose to interpret the data.

Reliability, on the other hand, is a judgment @& #xtent to which the method, test or tool gives
consistent results across a range of settingsjfarsed by a range of researchers (Wellington,
2000). However, in gualitative study, the assumption that the social world isagsvchanging
renders the very notion of replication problemgfidarshall and Rossman, 1989). Indeed,
according to Le Compte and Preissle, (1993) thditgtige focus on unique situations implies
that establishing reliability is actually an impibds task. The most | can hope for is that other
researchers may borrow from the theoretical framkvaod design, and compare and contrast

their own research interpretations.

5.4 The ethical dimension

Burgess (1989) emphasised the necessity for acaétielationship between a researcher and the

participants involved in a study, a relationshigttimplies:

“a respect for the rights of the individual whos&acy is not invaded and who is

not harmed, deceived, betrayed or exploitéad( p.60).
In both the pilot and main study, | was carefut@spect ethical considerations and proceeded in
a similar manner in both cases. Hence, in thisasetwill focus only on the details of the main

study.

The BERA ethical guidelines (2004) recommend that one warespecting participants is to
offer them enough information so as to allow therariderstand the process in which they are to
be engaged, and to make them aware of how the wsiilidye used and reported. | explained my
interests to the teachers so that their consentdwmel an informed one (Zevenbergen, 1998).
According to Wellington (2000), participants shokftbw what they are letting themselves in for
and so | estimated the amount of time | expectethtto dedicate and made this explicit in our

first meeting. | also offered to provide the infew questions beforehand which, however, none

4 British Educational Research Association
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of the teachers felt was necessary. | assured thatrany recordings would not be viewed by
anyone but myself and that | would use them pui@iytranscription purposes. Of course, the
notion of informed consent is not watertight, sirtbe initial questions often change, with
possible effects on the role of the researchettl@garticipants (Sowder, 1998). In fact, my own
foci did change and, although our respective rolere not altered, | informed the teachers that |
had become aware of the immersion issue and tblagrge of direction in my study was going

to be necessary.

My research plan included recording pupils duriegsbns and interviews. Tymchuk (1992)
suggested that it is appropriate to obtain pargreahission, since parents have a right to have a
say in what happens to their children. Therefordijrdt obtained the children’s parent’s
permission for their children to participate (allagdians were parents). | did this by sending a
letter home (see Appendix C). In this letter, | gavbrief explanation of my interests and offered
a contact number in case parents wished for fudétils or clarification. One parent did in fact
phone. In the letter, | explained that the recagsliwere for my own use, and that no-one else
would be viewing them. The parents were offered dpgon of withholding permission, an
option that four out of fifty-three families chodeespected this by not interviewing the pupils in
guestion and also keeping them out of camera-viesng any class recordings. However, as
Tymchuk (bid) explained, it is also appropriate that the cHiidh- or herself assents to
participation. | admit an oversight in not confirgiwith the pupils themselves whether they
wished to be caught on video, but did confirm asgamthe interviews. Only one pupil whose
parents had in fact granted permission for paditim indicated discomfort and so | did not
interview her; all the other pupils were keen. pleined that | was interested in observing the
teaching and learning of some mathematics topidstzat | wished to ask them some questions
to clarify what they had understood during thedess | assured them that | was not testing them

in any way.

As recommended by Cohest al (2000), | was careful to show that | would be ezding

confidentiality. During the data collection procesdid not repeat what was said by either
teacher to the other or to the Head of School ahaat quote individual children’s comments to
their teachers. Furthermore, | assured all ppdids that they would be given fictional names in
my writing, as suggested by Bassey (1999). Sudlrasse is very important in a small country
like ours, where schools and individuals may be monore easily identified than in a larger

country.
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Despite my attempt at openness, | acknowledgethieatesearcher enters the field in a position
that is privileged, in the sense that he or shepbager over what will be observed, what will be
asked, the discourses that will frame the reseanchhow the data will be used (Zevenbergen,
1998). For example, although | designed interviayesgons to help me see things from the
teacher’s and pupils’ point of view, at the endhaf day, | am the one who is interpreting and, as
pointed out by Camerogt al (1992), the final reporting is mine.

5.5 Choices regarding participants and topics

For the purpose of the pilot study, | felt it woddd sufficient to observe one teacher. | observed
two topics and interviewed two pupils per topibelieved that this would be sufficient to allow

me to get a ‘feel’ of the approach and try out techl aspects such as recording. As part of the
process, | tried out some transcription of classr@nd interview data and concluded that the
volume of work involved implied that it would be reasonable to work with more than two

classrooms for the main study. In fact in the n&udy, | observed two teachers teaching two
topics each, and interviewed six pupils for eaglictoThese choices are explained in more detalil

in the following sections.

5.5.1 Schools, classes and teachers

In line with my original interest in code-switchirgjassrooms, it was necessary to observe
classes where this occurred. Thus the main comgidercentered on choosing a school where
children tended to use Maltese as a first langusigee | assumed that this factor would imply
that the teacher would need to code-switch for erattics. | acknowledge that viewing the
children as ‘Maltese speakers’ homogenises thepg(Barwell, 2003b), and fails to make a
distinction between different language backgrourdter all, children may use code-switching
in various degrees in different situations, andehaarying degrees of familiarity with English.
However, | have chosen to use the umbrella ternitéda speakers’ as a working position since
| believe that within the scope of my study, itnisither possible nor necessary to make such

detailed distinctions between the children.

From my experience, | knew that the majority of tdaé primary schools offered the required
situation, and | only had to eliminate a few prevéttdependent schools that | knew attracted a
high proportion of English speaking families andedi€English as a medium of instruction
throughout. Furthermore, my research questionsndiddictate the actual age group | would

study. | set myself a minimum age of Grade 3 (7 ye&r olds), since | was concerned that it
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might be harder to interview children younger thiaait regarding their understanding of words.
For the pilot study, | did not have any particutgeference, although for the main study, |
thought it might be useful to observe classeswigae ‘far apart’ in the sense of age. | tentatively
conjectured that this might bring to light diffeoes in the number of mathematical words used
and | was curious about any possible differencethenamount of talk going on in class. The
furthest apart the classes could be were Graded3Gaiade 6. Beyond these parameters, my
choice of schools and teachers was what Welling&00) called opportunistic as | shall

explain.

| broached the pilot study through the teacherdtieesnd her class happened to be a Grade 3
class. The teacher was an ex-University studemiioé whom | contacted to ask if she would
help me out. Although | had never actually beentiar on teaching-practice, | remembered her
as a highly motivated student; furthermore shedcedpress herself confidently in both Maltese
and English, and so | hoped that she would feeffodable participating in a study that focused
on language. She accepted to participate and pgheeday for me to approach the Head of her

school.

The relationship between the teacher and myselfgeasrally positive and | am grateful for her
participation. However, | felt that working with @&x-student had a disadvantage: it was difficult
to break down the student-lecturer relationshigrEthough | tried to make it clear that | was not
evaluating her as a teacher, | found that she aittsmpted — unnecessarily - to justify her
actions. | found myself feeling a bit uncomfortabléth the asymmetrical relationship she
seemed to perceive and which | had not intendeddlhoped (naively perhaps) that she would
perceive me in a different role to the one shepradiously known me in. Occasionally, | even
found that | compromised on my research needs imt@mpt to present a more balanced
distribution of ‘power’. Therefore, | thought it &teif for the main study, | worked with teachers
who were not ex-students of mine, so that we cstddt up a new relationship. Of course, as
stated by Cameroet al (1992), researchers bring their biographies widnthand | was not to

know what perception any teacher would have of md how this would influence the

development of the study. However, | thought it be®liminate the student-lecturer element.

For my main study, | opted for a Church school avétate school, since it was unlikely that |
would have had access to Grade 6 in a State sdhdbis year group, pupils are prepared for a

competitive exam for entry to State grammar schaal$ any forms of intrusion are kept to a
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minimum (including, for example, not placing tragaeeachers on practice in Grade 6). | gained
access to the school | will call St. Helen’s — dsgischool - through the Head of School who |

knew personally. Thus in this case, it was the H&fa8chool who acted as the ‘gate-keeper’
(Wellington, 2000).

| explained my research interests to the Head bb&8aand left it up to her to identify volunteers.

As pointed out by Zevenbergen (1998), where teach@unteer to participate in a study, access
to information is likely to be greater and richand indeed, | found that the teachers involved in
my study were very forthcoming. | will call them & (Grade 3) and Gina (Grade 6). Both
teachers were in their late forties and had seweats of teaching behind them. | believe that
this experience may have given them the confidéméeel at ease with me watching them. This
is not to say that they did not feel self-consciubegin with: Gina admitted that in all her years
of experience she had never had another adult samera in her classroom and was initially
nervous about my presence; Rose said she haddrsieliping the night before we were to begin
recording lessons because she claimed that maticemeds not her ‘top’ subject. However,

once things got under way, both teachers appeanexdbix.

| am grateful for the interest Rose and Gina shoimehy project. Whenever necessary, they
adjusted their lesson times to accommodate meppbpied things and offered practical advice
regarding the use of the cameras. As suggested é&geis (1998) a good rapport with
participants is facilitated if the researcher accwdates herself to the routines of the
participants. Therefore, | fitted in with their stlules and was sensitive to any stress on their
part, caused by the forthcoming Open-Day and scbatert. During the interviews | allowed

them to express themselves freely, and was carefub sound judgmental in any way.

5.5.2 Children chosen for interviews

The classes | observed at St Helen’s were mixddyatliasses with 27 and 26 girls in Grade 3
and Grade 6 respectively. The pupils were undetataly conscious of my presence to begin
with, and this was evident in their frequent sideges in my direction and lack of interaction
with the teacher. However, three trial lessons kediathem to relax, so that by the time | started

recording the necessary lessons, they appeareséodecome accustomed to my presence.

After each topic, | wished to interview some pupiés topic. In the pilot study, the teacher had

offered her ‘best’ pupils, suggesting that they Midae the most forthcoming and would catch up
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easily with any missed schoolwork. Although | adedp | realised that | should be more pro-
active in choosing the pupils. Therefore for themsudy, | stated from the outset that | would
like to select the children to be interviewed mijsglpreference that Rose and Gina accepted. |
considered that ‘any’ children would be approprfatehe interviews, but | believed it might add
interest to have a spread of abilities in the sehgéat the teachers themselves considered to be
‘good’, ‘average’ and ‘weak’ achievers for matheitgt\When choosing the pupils, | eliminated
the two per class for whom permission had beenheith and any pupils who had missed a day

or more of school while the topic was being taught.

The numberof pupils to interview was not guided by my resbaguestion, and was based
mainly on practical considerations of what wouldnb@nageable in terms of time and processing
of data. Since | wished to interview children inrpgsee Section 5.6.4), it seemed reasonable to
interview six pupils (that is, three interviewsy feach topic, using as a rough guide two ‘good’,

two ‘average’ and two ‘weak’ pupils per topic. Tt of pupils can be viewed in Appendix D.

5.5.3 Topics and words focused on

The choice of topics to observe was partly infleghby the time of year that the project was
carried out. | approached the pilot teacher in Madwer 2001 and the main study Head of School
in early December 2002 in order to allow time fog scholastic year to get under way. Both pilot
teacher and the main study teachers expressedaonigork on the project after the mid-yearly
exams, and by that time a certain amount of worklevalready have been covered in agreement

with other teachers of the same Grade.

For the pilot study, the teacher offered the topimeey, Block Graphs, Time (mainly reading
the clock) and Roman Numerals. | opted for the fis®: Money and Shopping because of the
potential use of Maltese equivalents and Graphauscofiack of such equivalents. My pilot
data heightened my awareness of the different tbketswords play in terms of references and
concepts and in denoting properties, relationsaims verbs. Thus, for the main study, | wished
to select topics that utilised different ‘types’ whrds, again keeping in mind the idea of
English/Maltese equivalents. | offered Rose amibGieveral examples of paired topics for them
to consider. Examples of paired topics were Monay leength for Grade 3 and Fractions and
Graphs for Grade 6. They then considered the pggsgin the light of the syllabus yet to be
covered after the mid-yearly exams. Rose suggdlstgdany combination of the topics Graphs,

Length and Multiplication/Division would be pos®blwhile Gina offered Graphs, Length
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(including perimeter) and Area. | decided on Leraytid Multiplication/Division for Grade 3 and
Length and Graphs for Grade 6. | believed that wWuoslld create a balance of various words,
address three key primary mathematical areas (Nyrivl@asurement and Data Handling) while

providing the opportunity for comparison acrossdesaby virtue of the common topic Length.

Having decided on the topics, it was also necedsasglect particular words to focus on during
observations and interviews. For both pilot and rmstudy, | did this by looking through
textbook pages and notes that the teachers wang gouse. However, | also discussed with the
teachers whaheybelieved to be the key mathematical words forttipec. If any other words
came to my attention during the week of lessores) thincluded these in the discussion with the
pupils and teachers after the lessons. Example®afs related to the topics weraultiply and
sharing for Grade 3 Multiplication & Division andlock graphand representfor Grade 6
Graphs. For the topic Length, there was some queviéth the wordswidth and metre being
included for both age groups, apdrimeterand metric included for Grade 6. The number of
words per topic ranged from 8 to 17 and the fsll 6f words for each topic may be found in
Appendix E. For simplicity’s sake, | grouped somerds together. For example, | assumed that
the pupils’ knowledge of English would be such thiay would recognise sayneasure
measuresmeasuregmeasuringas variations of the same verb and therefore deresi these as

‘one’ word.

5.6 The collection of data

In this section | will explain the data collectipnocedures related to time-frames, classroom

observations and interviews.

5.6.1 Time frames

One lesson | learnt from the pilot study was thpartance of comfortable time-frames. During
the pilot study, | had observed one topic immedjaadter the other, thus not allowing myself
enough time for reflections and planning of pupterviews. On the other hand, too much time
passed between the end of the topics and the teiatdrviews (although not originally planned
this way) with the result that the teacher hadbesn able to recall certain situations. Regarding
the actual duration of the interviews, the teadtad opted to have her interviews after school
hours and the time allowed in this respect was gdigesufficient. However, the time allocated
for the children’s interviews had been too tighheTmain reason had been that the teacher

preferred the pupils not to miss lessons, and fimer¢he time they could leave class was limited
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(e.g. 20 — 30 minutes). This had an adverse efiethe interview data | collected, as | tended to

rush through the questions.

In order to schedule the data collection bettethin main study, | prepared a detailed time
schedule and discussed this with Rose and Ginadbefod. | planned to interview the teachers
and the pupils as soon as possible after a topilbaddhings would still be fresh in their minds,
but on the other hand, | had to be flexible becafisehool activities. Together we came up with
a schedule convenient for all. The preliminary stagf the main study (that is, contact with the
school, letter to parents, trial lessons and iint&trviews) were held between December 2002 and
January 2003. Lesson observations and the maivigtes were carried out from mid February
through March 2003. A detailed record of the tima¥fe can be found in Appendix F.

The teachers and | also discussed the necessiypobpriate time-slots for all the interviews. |
am grateful for the time Rose and Gina gave upndutiieir breaks and ‘free’ periods. | also
recognise that the adjustments they made in tladly dctivities allowed me ample time for the

pupil interviews, approximately 45 minutes for eauerview.

5.6.2 Observation and recording of classroom int@ction

One of the main research approaches | plannedetwas classroom observation. The advantage
of observing is that it allows a researcher to wii# process of education as it unfolds in the
classroom (Anderson and Burns, 1989). My role endhservation of classroom lessons can be
described as a non-participant one, since | didtaké part in the event | was observing.
However, as Swann (1994) pointed out, the distnchetween participant and non-participant
roles is not straightforward, since just by beimgthe classroom and observing, implies
participation to some extent. Shipman (1997) st#tatlsocial researchers are part of the world
they research and their activities provide cluegHose they study. The participants’ perceptions
of me and my interests may have had some effeti@nbehaviour, although | have no way of
knowing whether this was the case, and if so, imatwhay. As stated by Robson (1997) we
cannot know what the behaviour would have been iiké had not been observed. The
possibility of participants not acting ‘naturallyas not of concern to me. | believed that a lesson
could unfold in a multitude of ways and my interasts not to describe regular patterns of
behaviour, but to use the observed lessons asralspard for reflection. Thus | could consider

‘any’ lesson development to be of value.
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In order to be able to reflect on the lessons arntanscribe excerpts at a later date, | needed to
record the lessons. | opted for video-recordinggesia camera acts as an extra pair of eyes that
are able to observe and record in far greater Idét@in is otherwise possible (Zevenbergen,
1998). During the pilot study | had used only oaenera. This had allowed me to capteitber

the teacher and whiteboard (thus losing out onl paisi and actionspr the pupils (so that | had

to copy down whiteboard work). Thus for the maurdstl used two cameras, identifying optimal
positions through the trial recordings. | place@ aamera at the back of the class and it picked
up the whiteboard and the teacher, who spent miittedime at the front of the class. The other
camera faced the pupils, picking up their speechgastures. One limitation was that although |
maximized the number of pupils in view and occasilgrpanned, it was not possible to view all
pupils at all times. Therefore, although all pumtsuld be heard in the recordings, it was not
always possible to identify them, or to note thlggstures. Floor plans illustrating the classroom

settings may be found in Appendices G1&2.

Since | did not wish to distract the participardatfention during the lessons, | sat by the front
camera and only crossed the room if | needed togeha camera tape. On a couple of occasions
in each class, | moved around the pupils as thekedoin groups on an activity, in order to
listen in to the language they used for a groujvict Before starting the recording of the
required lessons, | sat in for three extra lessores to allow the teacher and pupils to get used t
my presence, a process referred to by Robson (EOfabituation. These lessons also enabled

me to become accustomed to the pupils’ names.

Generally speaking, | was successful in recordiegdata | required. However, one limitation of
the recordings was that the cameras did not pickigpaction that occurred between say, two
pupils at their desks, or between the teacher gmapd as the teacher monitored written work
(unless the pupil happened to be seated very thosigher camera). This means that | may have

lost occasions when mathematical words were useithgr the teacher or a pupil.

To supplement my observations, the teachers provide with copies of the hand-outs or
textbook pages to which they had referred. Withphgils’ permission, | also photocopied two
sets of copybook notes per class. Although | hacgsked permission from their parents for this,
the teachers assured me that it would not be dgomoand | believed this to be the case, since |
only needed the copybook scripts as a referencen \gbeng through the recordings at a later

stage. To ensure confidentiality, | did not makete of the pupils’ names.
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| was prepared to record all the lessons relatezdt topic. As | had expected from experience,
the Grade 3 lessons were about 1 hour long, buGthde 6 lessons were substantially longer,
often 2 — 2 ¥ hours. In all, | recorded approxirya®ey2 hours of lessons in Grade 3 (10 lessons)
and 24 % hours of lessons in Grade 6 (13 lessbos)each lesson | kept a record of the main
steps of the lesson as shown in Figure 5.1, doctingetihe lesson time in running minutes and
indicating where a transcript was available wittX'a This was useful to be able to refer back
easily to parts of a lesson without having to riévige recording itself. The illustration below is

taken from the fourth lesson on Length held in &rad

Time Development of Lesson Transcript | Notes

29-33 Next exercise. Now cm are given e.g. 271cnj on X
whiteboard, and children are to change to m’'s and
cm’s. Focus on place value: ‘how many tens?’
34-38 Teacher asks children to look at book exercis
they are to work it out. After some minutes, teache
writes exercise on board.
39-41 Correction of SW.

42-54 Go to page 5 to revise 1km = 1000m. Examgfies X At one point in
the type 2km 265cm = 2365m on the bogrd. the lesson (I
Teacher erases and they work it again ‘together’ believe  earlien
since teacher states that kilometres are a bit hard than here)
for them. teacher  states

that they will do
more about km
in Year 4.

Figure 5.1 Sample of overview of a lesson

A classroom situation is a complex one and it weressary to focus my attention on what was
relevant to my research interests. Mason (2002)aaga that observing or noticing in any
situation is based on making distinctions (lightkdl@egions of colour or texture and so on) and
the distinctions one makes are based on one’sytlsmut what is worth attending to. That is,
Mason stated that what we noticevisat we are prepared to notideesearch itself also involves
noticing and thus involves stressing some asp@ctsgmoring others. So for example, | focused
on a point in a lesson where a teacher introdugegl\amathematical word, but ignored — in the
sense of not attributing significance — the ted@sr®mming up of a previous topic; | focused on

a pupil's question related to a mathematical wbtd,ignored her outlining of a computation.
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During the pilot study, using one camera meantlthad to copy down all the whiteboard work,
leaving me with very little time to reflect on tHesson. On the other hand, the camera
arrangement in the main study freed my time to mlesthe lesson and jot down reflections in a
notebook. These notes dealt with the use of Englisialtese and things that struck me in the
use of mathematical words. In order to be able &dchthe timing of my reflection with the
classroom video, | made a note of the actual timg. 8.25am) and the running minute of the

lesson (e.g. 15). | organised the notes in theviatlg format:

Time Minute — Reflections

Figure 5.2. Format for keeping field notes
Two examples of reflections are the following:

Discussing what we need for a graph. Vocabularysditeseem to be new. Ask
girls about axes. T said: “Daniela named the lineRReference to standard
[names]. [Grade 6 Graphs, Lesson 1 minutel2]

T gives procedure. If [she] doesn't allow speakiagd children’s own
suggestions, they [children] have little opportynib use language. [Grade 3
Multiplication and Division, Lesson 4 minute 50]
Every evening | went through my notes and typedntlmit systematically, grouping points
according to categories such as mathematical wee] the Maltese/English issue, possible
guestions to ask teacher/pupils after the lessndssa on. These reflections paved the way for

future analysis of the data.

Another step in the processing of lesson data veakihg the use of the mathematical words.
This was done by watching the recording of eackolesand keeping a handwritten record as in

the following sample taken from the first lessonLength in Grade 6:
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Minute Teacher Use Pupil Use

34 Helght
Helght
Length
Length

35 Helght
Helght

26 Measure
Measure

Long
3F Long
Measure
Long
Length
Long
=8 Helght

Hawnd span

Hand spans
wWidth
Hanol spans

Helght
Helght

29

Figure 5. 3. Sample of method for tracking word use

A key step in the processing of the lesson data teasscription of interaction. It was not
necessary for me to transcribe all the lesson® s stated by Furlong and Edwards (1993),
underlying theories and assumptions determine nlyt lsow data is explained but what is to
count as data in the first place. | transcribedspair the lessons that | considered relevant to my
research questions, namely parts that would helplenelop a discussion on the use of English
and parts where mathematical words were used. Hawsanscribing is a very time-consuming
activity (Swan, 1994), and notwithstanding selattibanscribing lesson excerpts proved to be a
lengthy and intensive exercise. First, since thecssd words were interspersed throughout the
lesson, identifying beginning and end-points ofndaiption excerpts was not always
straightforward. Furthermore, producing a trangargmplete with talk, gestures and whiteboard

work, involved viewing both camera recordings.
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5.6.3 Interviews with teachers

For qualitative research, the interview is a preidam means of data gathering (Sanger, 1996).
Since | proceeded in a very similar manner withté@aehers in both the pilot and the main study,

| will only give details of the main study.

| started off by conducting an interview where wiscdssed the language policy and
mathematical vocabulary in general. This discussias held with both teachers together. |
chose this arrangement so that the teachers weelddlaxed and also because | thought that a
more dynamic discussion might be developed arobedssue. The rest of the interviews were
held individually. This was partly because the ¢s@nd/or words differed across the Grades and
therefore could not be discussed together, andypbecause when the teachers had been
together, | noticed that one of them tended taaitpoints of conversation, while the other

followed. When interviewed alone, | felt that tia¢tér could speak more autonomously.

| conducted two interviews per topic. The firstadission helped me to prepare myself for the
topic at hand. | asked the teacher what her maentions for the week were, what she
considered to be the key words, which she congiderm’ to the pupils, and if she anticipated
that Maltese might be helpful at any stage. Inséheond interview, heldfter the week’s lessons,

| asked her what she believed she had shared hétipupils over the week with respect to the
selected mathematical words. | also discussedcpkati statements with her. For example, |
asked Rose what she had meant when she told teédivision is repeated subtractian’ did

this in order to add to my interpretation of whahdd observed. Occasionally | included a
guestion related to something the children may sai@ during their interviews (without quoting
individual children directly). For example, | askRdse for her view regarding the fact that the
girls did not recall a particular word at all. Henthe teacher’s responses sometimes served to
“supplement, clarify or validate the data gainemirfrother sources” (Zevenbergen, 1998, p.23). |
considered this to be a form of triangulation. Mes (1998) defined triangulation as a means for

checking information or establishing consistencgwfience.

According to Wellington (2000), the style and amto to interviewing depends on the purpose
of the interview and since | wished to get the lea’s own opinions and interpretation of events,
| avoided indicating agreement or otherwise, olingjvmy own version of things. | avoided

asking leading questions, but used a ‘tell me alibapproach instead. | consider the type of

interviews | carried out to be semi-structured (Midgton, ibid). That is, although | had pre-
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prepared questions that | wished to go throughowad for flexibility in the discussion. The list
of interview questions may be found in Appendicds+H9, These provided a framework to be

built on, although | may have added on other pentiguestions in the course of the interviews.

Prior to the interviews with Rose and Gina, | trigat to show a preference for any language
(English or Maltese), in order to leave them freeise the language they preferred. | noted that
they used Maltese for informal conversation, swlltde same. However, for the interviews, they
opted for using mostly English, possibly becausegmgstions were written and therefore read
out in English, or because the activity itself weesceived as more formal. However, some

occasional code-switching did occur.

During the pilot study | had been alerted to tlsiésof ‘authenticity’ (Cooper, 1993) that refers
to participants’ recollection of events. Coopbid) suggested that statements are authentic when
they develop from the interviewee’s perceptiondofv they actually think they behave when
they are teaching or learning. During the pilotgghahe teacher had claimed that one aspect of
her approach to teaching Graphs was based onieutartextbook scheme. | was familiar with
the scheme and was aware that it did not in fattp@ate the said approach. | decided against
pursuing the point, unsure of how to interpret tdecher’s statement. On reflection however, |
concluded that a teacher — or a child for that @nattcan only express their awareness as it is at
the time of the research project, and it is thediefs that constitute the data with which | hawe t
work. If they believe things to be so, then théitesments in any regard should be considered as

authentic.

The interviews were carried out in a comfortablanige, which helped to create a relaxed
atmosphere. | recorded the sessions using a via®era and also a cassette-recorder, in order to
have a backup. The video indicated gestures, lmdethhended to be of the ‘beats’ type as
described in Section 3.2 and | did not considemtiseynificant. | chose to record rather than to
take notes, since this allowed me to concentrattheriscussion at hand and to maintain eye-
contact with the interviewees (Wellington, 2000)oté&taking would have been a constant
reminder of the recording aspect, and would havgtlened the interview time. The total
running time of the interviews was 3% hours. | $@ibed the interviews verbatim, opting to
leave selection for a later stage. The averagsdrgntion time was 6 times the interview length

which is in line with Bassey’s (1999) predictionsof 10 times.
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5.6.4 Interviews with pupils

After each topic, | interviewed the pupils regadditheir opinions about use of English as a
medium of instruction, and also asked them to éxplhe meanings of some mathematical
words. The general approach | suggested was thatildren explain to a new schoolmate what
they had learnt during the week. | started off discussion by asking them to relate what they
had learnt during the week, in the hope that théghmindicate meanings in an unguided
manner. | then went through a list of mathematieaitds systematically. | also prepared some
guestions that paralleled some teacher-questiarseXample, if | asked the teacher what she
had meant by saying that division is repeated aatiin, | asked the childrenl heard your
teacher say ‘division is repeated subtraction’ wdnder what she meant by thaiThe pupils
were requested to bring their copybook and textbalokg, so that we could refer to them if
necessary; | considered that these might serveraexts around which mathematical talk might

centre. | also provided paper and pencils in das@upils wished to write or draw anything.

The interviews with the children were semi-strueturAs with the teachers, | had a list of
guestions to go through, but also allowed for séimebility. For example, | sometimes changed
the order of the questions to follow on in the satimection the pupils may have taken in the
course of the talk; or | allowed the pupils to @égg a little before getting them back on track, in

order not to pressurise them. The list of intervggyestions can be viewed in Appendices 11 — I4.

For the pupil interviews, | made three significatianges from the pilot study. First of all,
during the pilot study, | had interviewed the pspidividually but | had felt that the interviews
had had a formal ‘question-and-answer’ feel abbetrt In order to render interviews more
informal, | considered interviewing the St. Helegisls in small groups. Eder and Fingerson
(2002) suggested that when interviewing childreppaer differential exists not only by virtue
of the researcher’s role in posing questions, taat because of the age difference. Eder and
Fingerson ipid) believed that when interviewing takes place iougr settings instead, children
feel more relaxed. This is partly because theyratke company of their peers and also because
they outnumber the adults. Cohenal (2000) also noted that group interviews may be les

intimidating than individual ones.

Since grouping had been missing in the pilot stlideeded to try it out. | did this with a few
girls in relation to a previous topic covered iagd. | first opted for threes, but as Dunne and

Bennett (1990) warned, one girl got side-lined beezof the creation of a dyad and an outsider.
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| found a paired interview to be more satisfactaryd hence used pairs for my main interviews. |
avoided placing two weak pupils together since Buand Bennettilfid) suggested that in such
a grouping, pupils’ knowledge and understanding b&ynsufficient to provide each other with
support. Rather, | mixed the abilities, but avoigéaiting a weak student with a very good one,
in the fear that she may let the better pupil dottiking. Another possible difficulty for group
interviews is domination and feeling uncomfortallgh certain peers (Coheet al 2000).
Hence, | avoided pairing up a very dominant charagith a very shy, quiet one. | relied on the
teachers’ advice regarding the suitability of paikihough a little self-conscious to begin with,
the pupils were very forthcoming and | am gratéfultheir enthusiasm and trust. In general |
found it easier to interview the older pupils, wj@ve each other space to talk and supported
each other in their explanations. The younger gieded occasional prodding and some

reminders to let each other talk.

A second change was that during the pilot, | hadnded the interviews using only a cassette-
recorder, while for the main study, | also usedd@e-camera. This served not only as a back-up,
but also enabled me to document gestures as partpvéssion (although | did not consider

‘beats’ as significant).

Third, during the pilot study, | had interviewedetpupils using Mixed Maltese English, for
example Xi tfisser il-kelmacost?” [What does the wordostmear?].” This was done because
the lesson interaction had been conducted in @sbién. The situation at St. Helen's was
different since the medium of instruction was EsigliTherefore a new element in the interviews
was to ask the children their opinion regardingubke of English. Another new element was to
ask them for two explanations of the chosen mathieatavords. They were asked to explain
them to a ‘new’ Maltese schoolmate who we pretenddasl going to join their class, then to an
English one. | believed that this would be useful sincglish was the language they were
expressing themselves in during the lessons, Whidajectured that they might feel more at ease
or be able to speak at more length in their fasguage. It is worth noting that in four out of the
twelve interviews, | interviewed the girls in Ergiiifirst, then Maltese, so that what is listed as
‘Question 2’ in the interview sheet was actualle thrst question for these pupils, while
‘Question 1’ was tackled second. The reason whydlthdis was in anticipation of general
differences in the length or appropriateness oflgugxplanations when they used either English

or Maltese. | supposed that if | varied the ordery differences would be more confidently
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attributed to the language itself, rather tharhtofaict that the language was consistently used for

afirst or secondexplanation.

In reality, | found that pupils often gave the ‘snexplanation in both languages, as in the
following example where a Grade 6 pupil Monicaidrg a meaning foperimeter (Thebold
print represents words that were originally in Ma#, while the key to referencing can be found
in Section 5.7):

You've got to dofifty times two,because you've got this and thigshe touches
the shorter sides of the coffee table in front ef),hand sixty times two ghe

touches the longer sides of the tabléfThen you plus the answers.
[G6Length(C)Q1]

Fifty times two and sixty times two. And then yoddathe answers and the
answer you get is the perimeter. [G6Length(C)Q2]
However, on some occasions, the pupils offeredfardnt aspect of meaning for a word, as in

the following explanations fddlometreoffered by aGrade 3 pupil, Sonia:

When we had kilometre, often the teacherwould tell us for example ‘how
much aretwo kilometres?That's two thousand [metres]. [G3Length(A)Q1]

Kilometres are when you measure something big. Ea8th(A)Q2].

Thus, giving two versions allowed pupils to sometadd to their explanations. | also noted

that occasionally, pupils used Maltese during amglEh’ explanation and vice versa. As for the
remaining interview questions, where | asked childabout their views about language use or
about particular incidents during the week, theyeMeft free to use any language that they
preferred. Most pupils opted to use Mixed Maltesgligh, especially in the case of the younger

ones, and | myself followed their lead in my uséaofjuage.

Fontana and Frey (1994) stated that an interviewiglg has a bearing on the results of the
study. Indeed, although my main motivation of pagrihe children up was to help the children to
relax, the fact that | paired the children hadgaificant effect on the data | collected. Wellingito

(2000) suggested that advantages of grouping iadhetping each other relax, ‘warming up’ and
jogging each other's memories and thoughts, andethgere elements that | noted when
interviewing the children in pairs. Indeed, theynstimes gave joint explanations as in the
following excerpt that formed part of the pupilrgral overview of the week’s work. The

speakers are myself, and Grade 3 pupils Petra hadd@ie. Interruptions are indicated by /:

80



(The pupils are looking through their textbook aedalling what they learnt
during the week. Petra is looking at a page thatvehan estimation exercise.
Pictures of various objects are shown

I: So what did you have to do on this page?

Petra: Em, we, the teacher find it, all these thiagd /

Charlotte: / gave /

Petra: / gave it to four groups. One group we havaeasure/

Charlotte: / this thingdr{dicates the pictures on the page

Petra: This thing. But first we have to guess wihaty are [i.e.
estimate the length].

[G3Length(B)Q2]

Therefore, at times it was not possible to sepatiaée statements to document individual
expression of meaning. In such cases, | kept theereation intact during transcription, viewing

understanding as shared expression.

In all, I collected 8% hours of pupil interview datvhich | documented as follows: first |
produced a full transcription of the interview. fease of reference, | then grouped the responses
to the questions together, so that all opinionandigg the use of English were kept together, all
expressions of meaning for the wdeshgthwere grouped together and so on. In anticipation o
excerpts being read by non-Maltese readers, ll&i@usthe ‘Maltese’ explanations of words into

English as faithfully as possible. The organisatbthis data is illustrated in Figure 5. 4.
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Length

English explanation ‘Maltese’ explanation | Original ‘Maltese’
translated explanation

Petra & | I: Length. | think the P: (Thinks and looks up | P: (Thinks and looks up

Charlotte | teacher mentioned that | her copybook). her copybook).
word... Ch: Here in the Notes Ch: Hawnhekk fin-
Ch: No! we had some ..(opens | Noteskellna xi ...
P: Yes, yes. Alengthis | notes and finds the (opens notes and finds
like measuring. Length-Measurement | the Length-Measuremer
I: (I ask for a sentence | table). Here, look, table). Hawn ara, il-
with the word ‘length. | here’s the word'‘length’ | kelma ‘length’ hawn
Ch: I have a length. (points to title ‘length’ on| gedhda (points to title
I: Suppose ‘Rosie’ asks | pags. ‘length’ on pagé.
you ‘what do you mean | P: lengthmeans\ P: lengthii gifieri \
you have a length?’ Ch\ (nterrupty Ch\ (nterrupty
Ch: (Silence. kilometres. kilometres.
I: Can you help her out | p: MeasuremenfThat's | P: Measurement.
Petra? kilometre. Kilometru ji gi.
P: Em, have a lengthch: lengthis Ch: lengthhija
means you have measurement. measurement.
ISOCT:“ething to measure? | p: Measurement, that | p- Measur enment
: Can you give me a G
senten}ée wgi]th the word meanso measure figifieri tkejjel.
length?
P: My measure, my
measuring tape has a
length. (p4-5)

Sonia & | ...

Jessica

Kim &

Fiona

Figure 5.4. Sample of documentation of childrexjglanations for a mathematical word.

The transcription and translation of pupil intewgewas a time-consuming process, taking an

average of 11.5 times the original interview time&omplete.

| am aware of some limitations of this phase ofdata collection. The first regards the question
| asked regarding whether the words had been néletgirls or not. It was important for me to

ask this in order to be confident in concludingt thlzared meaning was a result of the teaching
process. However, | recognise that | asked thermianings of words in isolation (i.e. not in a

sentence, or situation), and this might have imibeel their judgment regarding whether they
knew the word or not. Furthermore, even if theyestahat a word had already been familiar, the
term ‘familiarity’ does not tell me exactly whatvias that they knew with respect to the word. |

will revisit the idea of familiarity in the coursd# the forthcoming analysis.

Another limitation was that despite my efforts toaceurage both pupils to speak, there were

some instances when one of a pair did not con&ibutvhen a response was not very clear. This
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may have happened when a pupil abandoned her atiplarof a word because her friend took
over the conversation. | also noted a few instantdése Grade 3 interviews when one pupil’'s
contribution was ‘I think the same’ (as her frigndaving me in doubt as to whether to consider
this pupil’s response or not. The consequence af situations was that | might have collected
data from only four or five children regarding atgalar point. However, | did not consider this
to be too problematic, since whether | consided,ffive or six pupils, | could not take their
expression of meaning to be representative of s cAs is typical of case studies, the data
collected was considered valuable in its own ragid | considered each available contribution as

a possible interpretation by a possible interpréen, 1976).

5.7 Conclusion: General plan of analysis

In Table 5.1 | show how | organised the analyseptérs that follow, and indicate which of the

above described data | utilised for the variousudisions.
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Chapter Focus of Discussion Data utulised
6 Tensions arising between the | Mainly interview data|
language recommendations | (teacher and pupils);
and other NMC policies. Some classroom
transcriptions;  personal
reflections on classroom
Language observations and the
NMC document.
as
Medium 7 Reflections on the extent and | Mainly classroom
coherence of language used; | transcriptions; some
inclusion of mathematicgl | interview data (teacher
words by pupils; some initigl | and pupils).
reflectons on a possible
Mixed  Maltese  English
register.
Shifting 8 Teachers’ and pupil§’ | Interview data (teacher
from opinions  regarding how | and pupils); the tracking
medium to familiar the selected words | of word use in class.
message were prior to lessons; relating
this with the frequency of the
word use in class.
9 Reflections on what rendered | Classroom excerpts and
meaning clear for words | pupil explanations o
Language related to the Grade 3 topjc | words (pupil interviews)
‘Multiplication and Division’. some teacher interview
as Also searching for other | data.
features that enable sharing |of
message meaning.
10 As above for the Year 6 topic | As above.
‘Graphs’.
11 As above for the Year 3 and|6 | As above.
topic ‘Length’.

Table 5.1. Indication of which data was utilisedthe various discussions

In my discussion on shared meaning, | started loypaoing the expression of meaning offered
by the pupils and by the teacher in the classroeon.example, | considered the following

statements as ‘similar’ (see Section 5.7 for keeferencing):
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(Teacher in class, with reference to a rectangulasld top: “To find the
perimeter, we [can] multiply the length by two, tkeadth by two, then add the
answers” [G6Length5Sminute6]

(Monica during interviewreferring to the respective sides of a rectanglffezo

tablg: “Fifty times two and sixty times two. And themy add the answers and

the answer you get is the perimeter.” [G6Length@®})Q
Both the teacher and the pupil linkeerimeter lengthandbreadththrough a similar relationship
determined by multiplication and addition. The refeee context may be slightly different in that
the tables referred to were different ones, and'fdmailiar words’ used varied. However, as
stated by Chapman (2003), similar meanings carxpeessed through different semantic terms,
so that | can consider the meanings expressed ¢orhparable. On the other hand, if the pupil
had suggested that, sgpgrimeterwas the name of a particular polygon, or thagfémred to the
height of an object, then | would have concludexd the meaning had not been shadewbther
form of dissimilarity could have been if the puipéld no recollection of the wopkrimeterbeing

used in class.

Having established similarity / dissimilarity, leth used my semiotic model to explore how
clearly the word had been used during the lessbimss, | attempted to explain why the word
meaning appeared to have been shared with thespapibtherwise. Although | assumed that
clarity was important, | remained open to othetuess of word use in the classroom that might
have had some bearing on the pupils’ ability tmllect and offer an appropriate explanation for

the word.

It is important to note the boundaries of my stutlys not my intention to discuss all relevant
words that might potentially be used for a givegpidoRather, | will be restricting my reflections

to words — and hence aspects of the respectivestopthat the teacher chose to work on.
Furthermore, although teacher knowledge of mathemat an important issue in itself, it is also
beyond the scope of this study to reflect on it@tail. Occasionally, | noted that a meaning
expressed by Rose and Gina did not coincide wihghnerally held by the wider mathematical
community. For example, Gina’s definition of requshapes was that such a shape had all sides
equal, without any consideration of the anglesillive drawing attention to such instances in the
course of my analysis, but whatever the teachevis @apparent meaning for a word, | will reflect

on whether this meaning was shared or not.
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In the following chapters, | will be presentingrtsaribed excerpts to support my discussions. In
many cases, | could have presented more than aeepgxbut do not do so for the sake of being

concise. | will reference the excerpts as indit@teTable 5.2:

Reference Point in the interview or lesson

G3Length2minute45 The 2 lesson on Length in Grade 3, starting at tH:mBute
RoselLength(2)Q4 Rose’s ¥ interview related to the topic Length, Question 4

G3Length(A)Q5 Grade 3 pupil interview A, Question 5

Table 5.2. Referencing of interview and lesson eptse

In cases when Maltese speech was used, | haveafjgmeesented the translated version for the
benefit of a non-Maltese reader. Original trandsriwere retained when the use of the two

languages was essential to the point being madecdhventions | will use for transcription are

as follows:
Abbreviation / Feature What it represents
I Myself
T Teacher
P Unidentified pupil (e.g. out of camera view)
A, B, C etc. Pupils by name (Angela, Barbara, €laic.)
Brief pause in speech
[words] Words added in to render the text clearer
(...) Some speech is omitted since it is not esddotiany discussion
/ Interrupted speech
Bold Maltese or translated speech
CAPITALS Words stressed by speaker’s tone of voice

Table 5.3. Transcript conventions

| now start my discussions by reflecting on the NMCommendation for the use of English as a

medium of instruction for mathematics.
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CHAPTER SIX

The Immersion Recommendation and Other NMC Principés: Tensions Arising

6.1 Introduction

How does the NMC recommendation regarding the ubkeEmglish for

mathematics fit in with other educational princgpl@romoted in the same

document?
My first research interest is the consideration tbe National Minimum Curriculum
recommendation for the use of English as a mediimstruction for mathematics. | can view
the mathematics classroom as a community of pea¢tiave and Wenger, 1991), one which
involves using and understanding mathematical laggu However, Lave and Wenger also
suggested that any community of practice existelation to other overlapping practices. | can
consider as potential overlapping practices, thésation of other NMC principles. For example,
the NMC recommends the four practices of inclusdeication, collaborative learning and -
more specifically related to language - ‘consisgeraf language and the strengthening of

Maltese.

My interest in how well the immersion recommendatids in’ with other NMC principles can
be viewed in terms of the existence of tensionwé&en the use of English and the realisation of
the four afore-mentioned various ideals. | becamara of these tensions as | reflected on the
NMC document in the light of what | observed in thesons or was told during the interviews.
In this chapter | discuss these tensions, but firgive an overview of the adoption of the
immersion policy at St. Helen’s, and the partidipgteachers’ opinion regarding the immersion

approach.

6.2 The adoption of the immersion policy at St. Heh'’s

The Head of School explained to me that the legroinEnglish had always been a priority for
the school. However, the academic year 2002/200@ year in which | collected my data - was
the first year that a policy was stipulated mor#ic@lly’ for both the primary and secondary
levels of the school. Since the vast majority @f tfirls were Maltese speaking, parental opinion

had been sounded out through a survey prior tadohecion the immersion approach. | do not
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know the exact format of the circular posted toepts, but the Head of School reported to me
that a high number of the parents had been in fagbuhe use of English as a medium of
instruction. Hence, all the academic subjects wetee taught through English except for those
closely tied to the local culture, that is, Socg&ildies, the Catholic Religion and Maltese.

Furthermore, students were expected to addressathaiive staff in English.

My two participating teachers were in favour of ihemersion approach. Rose, the Grade 3
teacher, said that she was aware that ‘some réséaict shown Maltese children to be generally
weak in English and so, as a school, they were mgakia point to use a lot of English. Both

teachers mentioned the fact that mathematics tektband exams were written in English and
they believed that using English in the classroaipdd the pupils to understand these texts.
Rose suggested that although the main textbookvieeg using at the time (a U.K. publication,

Merttens and Kirkby (1999)) contained little writttanguage, this was likely to increase over the

years. Hence she wished to prepare the pupilietentuality:

“I don’t work for today. | think about the comingpars. | really wish for them
that they will not find it difficult. | wish to tria them” [RoseLength(2)Q8].

Similarly Gina, the Grade 6 teacher, believed tishg English in the primary school was a

good preparation for the secondary level:

“So it happens that when they go up to the secondasges, they are shy to
speak in English, because once it's not drummed]itifiem in the primary ...
By the time they are in Form 4 and Form 5 theyiseahat they have to start
speaking the languadkiently. If for nothing else, they have to sit for an exam
and they have their oral... They find it very diffitlbecause they are so
conscious of speaking the language. And they'ré¢ giack then”. [Gina
GeneralDiscussionQ2].

Both teachers acknowledged that there was stibbre way to go, but they were generally

optimistic about the approach:

“We are still in the very early stages of thisgdave’re trying very, very hard ...
most of them don’t speak English at home, so thi#yfisd it difficult to express
themselves between themselves, even with me” [Roggh(2)Q7]

“There is a trend ... that speaking in English ansbrigemselves is something
silly.... If you speak in English, you're — you knowa snob. Nowadays we're
trying to break that attitude. It's not easy, lig coming. At least in class they
don't feel that they are snobs speaking in Eng[iSimaLength(2)Q8].
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The generally positive views held by the Head didat, teachers, parents (apparently) and, as |
will shortly indicate, a number of pupils, appeatede allowing the policy to be implemented:
high motivation of the participants has been fotmfle a key factor in immersion programmes
(Baker, 2001). My personal experience led me tackme that the girls at St. Helen’s were
generally less inhibited in using English than Iukbexpect children their age to be, although |
am not in a position to comment on the effectiverashe programme in terms of the teaching

and learning of English.

Rose admitted to me that deep down she believeduld be ‘easier’ to teach the children
mathematics using Maltese, and that she believedhhdren would be able to understand her

better. She said that from her past experiences:

“Maltese has always helped them [the pupils] mesnecially in our school
[where children come from Maltese speaking backugpuisii [RoselLength(2)Q8].

However, Rose chose to suppress her personal ineagour of the new school policy, saying:

“The Curriculum tells us to use English moré [RoseGeneralDiscussionQ2]

Indeed, the Head of School and both teachers amesidhe NMC document to be a major
influence on the school’s policy and they seemeddrept the document as an authority that
‘must be right’. It is interesting to note thatthne published document, the NMCpsrsonified
through expressions such as ‘the NMC encouragesiigivy of Education, 1999, p.79), ‘the
NMC accepts’ (p.82), the NMC advocates’ (p.79) aadn. | feel that this apparent detachment
from human agency masks the fact that the documastwritten by a group of people - albeit
after a period of consultation with various stakdbrs - all with particular backgrounds and
opinions. A first step in our local discussionas¢cognise that these opinions can be questioned

and challenged. Reflecting on possible tensionaésway of doing this.

6.3 The issue of inclusion

One educational aspect that is given prominencthenNMC is the idea of inclusion. The

document states:

“An inclusive education is based on a commitmen) ¢o.fully acknowledge
individual difference” (Ministry of Education, 199%.30) (...) The National
Minimum Curriculum commits the State to ensure tibstudents are provided
with the best possible educational experiencesspective of their social realities
and abilitiesipid, p.36).
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Educational inclusion requires an awareness okmiffce, and one difference that may be
present in a Maltese classroom is pupils’ diffedentls of English. Such variation may be a
consequence of varying degrees of exposure to,sapgort for the language outside school.
Indeed, | believe that the intention of the writefsthe NMC is precisely to narrow the gap
between the pupils’ different levels. They app@&abe¢lieve that this can be achieved through

further exposure and use of English, a belief edlo&ose’s comment:

“What they lack at home, we make up here” [Rose@dDescussionQ3a].

It is interesting to contrast the general satigfacexpressed by Rose and Gina regarding the
approach being used, with the opinions expressettidypupils interviewed. | asked the pupils
for their opinion regarding the use of English asi@dium of instruction for mathematics and
have summarised their opinions in Table 6.1 ovérledave grouped the pupils as ‘high
achievers’, ‘average pupils’ and so on, as desgriyetheir respective teachers. As indicated in
the Table, some pupils said that it made no diffegewhich language was used, two of them

even saying that they generally preferred Englssh language over Maltese.

90



Grade 3

Grade 6

‘High’ Achievers

‘Very Good’ pupils

Petra Feels comfortable with use of English. Claudette Lived in Scotland for four years, saldirit easier to express herself|in
English during the maths lesson.

Sonia Understands mathematics through English. ésé&stions in English. Joanne It makes no differdncher whether maths is taught through English or
Maltese.

Maria Understands both English and Maltese. Clare Thinks that using English helps them practgpressing themselves;
sometimes she has to use Maltese because iticullitb translate every
word into English.

Sandra Feels good about using English for mathesnati

‘Good’ pupils
Celia Prefers the lessons in English, because ggngrefers the Englis
language to Maltese.
Federica It makes no difference to her whether emasttics is taught through
English or Maltese
‘Average’ pupils Rachel Feels that since she is now used to usiglisBrfor maths, she would ngt
want to change to using Maltese.
Jessica Likes English more than Maltese. If legsamEnglish, she asks in English, Dorianne English is an important language for I8be has now got used to asking
in Maltese, she asks in Maltese. questions in English. As the teacher speaks iniEngihe translates into
Maltese in her head. When she does not understenasks the teacher to
explain in Maltese and she understands better.
Kelly Likes both languages; Has no particular perfiee regarding maths lessons.
Kim Does not always understand the lesson in Hmgb® she asks questiorn] ‘Fair’ pupils
Sometimes she doest ask, assuming the teacher will explain shortly.

Charlotte | Likes English a lot, but does not alwapslerstand it. Sometimes does Charmaine| Using English helps her to learn more words. Now thay got used tg
know how to word a question, so has to think alitpot uses Maltese instea using English, she would not want to change to Malte
Believes that using English for maths helps thetuged to the language.

Lara (Discussion not held with her and her partner) Stefania Sometimes there are words she does detsiand, so she asks and the
teacher explains in Maltese.

Monica Using English helps them to learn Englisthinks that they would
understand more if the lesson were done in Maltese.
‘Weak’ pupils ‘Weak’ pupils
Fiona Sometimes understands, sometimes does rels fhat she does not kng Josephine When she needs to ask a question, stetimes thinks she will ‘mess
much English. Generally asks questions in Maltesabise she is afraid to u up’, but she tries.
English.
Ramona Sometimes understands English, but woulémiltese, because English Katrina Would be pleased if lessons were to be gimeMaltese, because she
a bit ‘hard’. Thinks she would understand moree§sons were done would understand better.
Maltese.
Melissa (Discussion not held with her and her m@ajtn

Table 6.1: Pupils’ opimicegarding the use of English as a medium oftingtn for mathematics
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The pupils’ responses indicate that there was @eteey for those who sounded more confident
to be the ‘higher achievers’, while the ‘averaged aweak’ ones were more likely to express

some reservations related to potential understgnéior example, Grade 3 pupil Fiona said:

“l don't know too much English... Sometimes | understad the lesson,
sometimes | don't” [G3Length(C)Q7].
Similarly, when | asked the Grade 6 ‘weak’ pupilti@a how she would feel if mathematics

were to be taught through Maltese rather than giigim she answered:

“I'd be pleased, because I'd understand it bettér [G6Length(B)Q7].

The tendency in favour of Maltese was more eviaétiit the younger pupils. One reason for this
may have been that by virtue of their age, thes githy generally have had less experience with
English than the older girls. Another reason mayehiaeen that the Grade 3 teacher tended to
adhere to the immersion policy more strictly thhe Grade 6 teacher, offering the pupils less
flexibility with language.

Some of the ‘weaker’ pupils indicated a degreenbilition regarding the asking of questions.

For example, Fiona (Grade 3) stated:

“l don't like asking (...) | ask in Maltese because I afraid to include

something in Englisi [G3Length(C)Q7].
| examined the level of participation of the pugiisorder to see if this ‘matched’ what they said
during the interviews. However, | found that it wdifficult to establish a match or otherwise in
Grade 3, since pupil participation was limited e tinitiation-Response-Feedback style of
interaction (Sinclair and Coulthard, 1975). In thiass, the talk was very teacher-directed and
pupil responses tended to be very short, usually ontwo words (e.g. “one hundred”).
Furthermore, giving answers to an exercise wasllyst@nducted in a turn-taking fashion, with
the teacher asking pupils along the desk rows. &prently, the Grade 3 pupils rarely asked
guestions spontaneously or commented in any lesgththerefore | had limited opportunity to
check whether they actually used Maltese or Endishquestions or suggestions. So for
example, although Sonia said during the interviéves she asked questions in English, in the
lessons | observed, she did not actually ask amegtmuns; similarly, Fiona, who said that she

preferred to ask in Maltese, did not ask questiomsther language.
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Hence for Grade 3, | can only comment on the feeasions when longer statements were
offered by the pupils which in fact were given iralkése. For example, Jessica, who during the
interview said that she would ask questions in Ehglonce voiced a query regarding a

homework task as follows:

(The teacher has just asked the pupils to drawetlirees of any length
for homework).

Jessica: Tikteb kemm tkun ghamilthom [twal]?
[Do you write how [long] you've done them?]
[G3Length3minute63]

In Grade 6, the pupils were given more opportusiitee express themselves spontaneously and
therefore there was more opportunity for me tcetfbn the ‘match’ between Grade 6 opinions
and what actually went on the classroom. Although girls used English more than their
younger counterparts, still, there was a tendemeytliem to use Maltese more than they
indicated in their interviews. So, for examplehaiigh Rachel said that she would not wish to
change back to learning mathematics through Malieme she was now used to English, yet she

herself often asked questions in Maltese.

Another indicator of language preference came tiitdbe interviews themselves: the ‘weaker’
pupils appeared to have greater difficulty in egpneg themselves during the English part of the
interview, and switched back to Maltese at the fagportunity. Indeed, Fiona, Ramona (Grade
3) and Katrina (Grade 6) pulled faces or initiadlyowed reluctance to speak when | suggested
that part of the interview was to be conductedngliEh. Admittedly | cannot say to what extent
individual pupils were being restricted by the nuedibeing used. After all, whether Katrina,
quoted previously, would understand more if taugrdugh Maltese or not, neither she nor | can

be sure. | can only report what Katrina believed.

Although in my study it was the ‘weak’ pupils whentled to voice reservations, this may not
always be the case. | suggest that as part obttad tebate it would be useful to consider the
discomfort and possible lack of understanding phaggils may experience through the immersion
approach. If a practice of inclusion is considet@dbe a desirable by the NMC writers, then |
suggest that further reflection may be necessariiam language can be used in an inclusive

way.
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| felt that the teachers were using English inlibkef that in time pupils would ‘pick it up’. For

example, Rose stated:

“When we meet together — staff meetings or semirange are told to stick to

English. They tell us ‘don’t worry, they'll [the pis] get used to it as they go

along” [RoseLength(2)Q7]
However, if considered with respect to mathemat@aguage, this attitude is not in line with
researchers’ recommendations (e.g. Rothman andnCdl®89, Zaskis, 2000) who suggested
that mathematical language should be tawegmlicitly, especially when it is presented in a
second language. Perhaps, given our local sityatiopossible alternative to the immersion
approach may be to teach through code-switchinguggested by Adler (2001) while offering
explicit attentionto mathematical English. | conjecture that thigmicontribute not only to the
development of mathematical language and undeis@nfut also to the development of
general English competence. Perhaps more explicit attentm language may be a more

effective way to help ‘close the gap’ between pdfferences in English as the NMC so desires.

6.4 The issue of consistency

Another tension | recognised concerns the notioncarsistency. The NMC recommends

‘consistency’ of language for the teaching of mata#cs:

“In classroom situations when teaching [Mathemat8sence and Technology]
in English poses difficulties, code-switching cae bsed as a means of
communication. These situations apart, the Natiadaimum Curriculum
advocates consistency in the use of language duhegteaching-learning
process” (Ministry of Education, 1999, p.79).
By consistency, | understand the writers of theuduent to mean that the participants should, if
possible, use onlEnglish | assume that the recommendation cannot be irefjei Maltese,
since the ingrained practices of retaining subgpeteific words in English, and of using English
textbooks are unlikely to change in the foreseehlilge. In this section, | explore to what extent

it appeared possible to put the NMC principle aigistency into practice.

During the interviews, Rose said that she wouldMa#ese if she felt that the pupils were not
understanding. However, in practice, her use oftédal was negligible. If she needed to repeat
an explanation, this was done in English. The auton was very structured, leaving little
opportunity for pupil questions or diversions. Theils’ answers were short, often consisting of
mathematical words. Since in Malta these tend tsatdin English, then the interaction between
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teacher and pupils was in fact carried out in Ehglithus fulfilling the NMC ideal for

‘consistent’ use of language. A typical stretclintéraction is illustrated in the excerpt below.

(Rose has introduced that relationship between raetnel kilometres and they
class is practising some examples

Teacher: Now if | had two metres?
Pupils: Hands go up

Teacher: How much is that? Kim?
Kim: One thousand.

Teacher: A thousand? Jessica?
Jessica: Two hundred.

Teacher: Two hundred.

(...)

Teacher: If | have three metres? Yolande?
Yolande: Three hundred.

Teacher: | want to hear the whole of it.
Yolande: Centimetres.

[G3Length4minute?2]

The pupils told me that while they generally spdkethe teacher in English during the

mathematics lesson, they spoke to tle@ssmatesn Maltese. In fact, | did note that the

classroom pupil-pupil talk took place in MalteseéhisST may have been ‘social’ talk as, for

example, when a pupil asked to borrow a ruler, benvone pupil commented to a classmate
about her broken arm in plaster. It could also Haaen talk related to the mathematical work at
hand. For example, in the two occasions that greank was set (both during the topic ‘Length’)

| heard statements such as the ones shown belowupds addressed each other

[G3Length3minutel9]:

(The girls are working in groups of four, estimatiagd measuring various
objects.
Pupil 1(groupl): Kemm tahseb li hi? ... Nasebforty.
[How much do you think it is? ... | think it's forty]
(...)

Pupil 2(group2) lkteb x'ta hseb, imbadiad kejjel.
[Write down what you think, then measurd.
(-.))

Pupil 3(group3) L-ewwel tieghi mbaghad ta’ Kim.
[First mine, then Kim’s].

[G3Length3minute19]

Hence, while the whole-class interaction offeresh&istent’ use of English, pupils’ interaction

situations did not. Interestingly, this is a simidtuation to that observed by Setati and Adler
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(2000) in South Africa. In the contexts observedtiyse researchers, pupils used their first
language interspersed with mathematical Englistgfoup interaction, but switched to English

for the ‘public’ domain, that is, the whole-clasgeiraction.

In Grade 6, the whole-class interaction generadlgktplace in English, with Gina being
generally consistent in her use of English. Likes&®dGina said that she would use Maltese if the
need arose and indeed, she did code-switch ‘carslgiotwice during the topic ‘Graphs’ in

order to help the girls tackle the task at hand.

(The pupils are expected to express a pass rate &f & a percentage. Some
of the girls are having difficulty understandingathvas required of them).
Pupil 1: Miss, jien din ma nistax nifhem.

[Miss, it's this | can't understand)]

Teacher: What percentage passed you mean? Whatnfzge of
STUDENTS passed. Not the percentage of marks.

Pupil 2: Mhux kollha ghaddew.
[They didn’t all pasg.

Teacher: Ara, ha ndhidlek mil-Malti.
[Look, let me tell you in Maltesé.

Listen to me (sic). Let's pretend one, two, thrieer, five
(indicates five pupilsand I'm giving a lesson.

(...) Issa, minnkom il-hamsa, jekk wéida m’ghaddietx,
x’persentagg, what percentagex’persentagg ghaddew?
[Now, from you five, if one of you did not pass, wha
percentage what percentageyhat percentage passed?

Pupil 3: Four all over five.

Teacher: Addresses Pupil)1 Can you understand that§sa [now]
four all over five is not a percentage, it's a nembYou
bring it to percentaggigifieri [that is] you bring it out of a
hundred as if you were a hundred [girls].
[G6Graphs2minute32]

Gina justified the use of Maltese as follows:

It's pointless keeping to English when | am notcleag to certain girls ... |
won't leave anybody behindlow if they get mixed up, if they are not sure of
what they need to do and perhaps they feel mucarbet speak in Maltese, and
they can keep up the pace with me, | prefer tokspellaltese and then translate
in English.” [GinaGraphs(2)Q7]
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In a similar vein, Adler (2001) noted that teacharthe South African classrooms she observed
were faced with a ‘dilemma of code-switching’ be@meEnglish, the official classroom
language, and the pupils’ first language. The ditermof code-switching was also evident in
Gina’s classroom, but only to a limited degreexqdagned above. Gina, like Rose, generally did
not ‘allow’ herself to code-switch during whole-stainteraction, but rather, made a conscious

effort to use English in line with the school pglic

If Maltese was used, it tended to be used by thalpuThe Grade 6 pupils contributed to
classroom talk more than the Grade 3 girls singe®@ifered them more opportunities to talk by
asking them open-ended questions. She also alltwegirls to pass spontaneous comments and
encouraged them to ask questions. Sometimes, Gin&lwask the pupil to repeat in English, as

in the following excerpt:

(The teacher has started drawing a graph on theeakbloiard. She has written
two sets of scales in the course of her explangation
Kirsty: Miss, dhaliex ghandna tnejn [skali]?

[Miss, why do we have two? [scal€gs]

Teacher: English!

Kirsty: Miss, why do we have two, em, x-axis andxjs?

Teacher: Because first | explained, then | haddtaw. Then |
explained again! They're both the same.

[G6Graphs2minute133]

The insistence on English appeared to be an attbyn@ina to promote ‘consistency’ on the
pupils’ part. However, in the course of the lessiilese were many occasions when Ginanditl
insist on the switch to English, although she Hegenerally answered in English as in the

following excerpt:

(The class is correcting a straight-line graph thed done for homework. The
pupil in question is commenting that she couldfimok the answer to a question
from her graph because her y-axis was not long ghou

Pupil: Miss, ma stajtx insibha ghax wagaft one hundred and fifty.
[Miss, | couldn’t find it, because | stopped abne hundred
and fifty].

Teacher: Em, don’t you have any more space [oodpgbook]?.

Pupil: Ghax imbaghad il-line (unclear).

[Because then thdine (unclear)]
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Teacher: OK, but you can work it ouThey then go on to work out
the answer by simple proportipn

[Graphs3minute67]
Instances when more Maltese tended to be used tvas @ina spoke to pupils on a one-to-one
basis, as she did when for example, she walkeddrtie classroom monitoring pupils’ written
work. In these situations, the pupils often usedt®é4e, with Gina sometimes answering in
English and sometimes in Maltese (this was morelesti with the ‘weaker pupils). An
interesting pattern of talk was evident when Giras wiscussing a graph with Josephine, a pupil
she had described as ‘weak’ in mathematics. Giral Maltese when addressing Josephine
directly, but changed to English when she addretse@hole class. As she turned her attention
back to Josephine, she shifted back into Malteke. 8xcerpt illustrates this ‘private / public’
distinction identified by Setati and Adler (2000).

(The teacher is walking around the class, checkireggraph that the pupils
had drawn. Josephine had found some difficulty mgrkilograms on the x-
axis).
Teacher: Fejn huma I-kilos? (...)Dan hawn, dan hawn...

Where are thekilos? (...)This [goes] here, this [goes] here

(The teacher writes in ‘1’, ‘2’ on the x-axis on épkine’s
copybook. She then raises her head and addresseghible
clas9. Mark your numbers girls!

(Turns to Josephine aggirWhere is your half?
Hawn il-half?
[Is the half here?](Touches a point on the x-akxis

Mela hawnhekk trid tiktbu I- half.
[So this is where you've got to write thehalf].
[G6Graphs3minutel7]

Finally, as was the case in Grade 3, the pupilejoipgalk, both social and that related to the task
at hand, was conducted in Maltese. In this classranore pupil-to-pupil talk occurred than in
Grade 3, since the pupils were allowed to talk asheother quietly as they worked on an
exercise. Hence, | noted more use of Maltese iml&éathan in Grade 3 and in this respect the
language used was not ‘consistent’ in the way tMCNoresumably intended. | concluded that
ultimately, Gina was trying to find a practical date between promoting English, and at the

same time ensuring understanding of mathematieakidAs she admitted:
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“One thing | always make sure is that | don't die®i a maths lesson for

English” (GinaLength(2)Q6].
However, | think that if a teacher allows pupilsuse Maltese, this creates a tension between the
implementation of the immersion and ‘consistenegammendations, and undermines the whole
objective of immersion. After all, the main problgrarceived in Malta is not actually exposure
to English, but production (speaking and writing)tlee language. Thus a tension is created
between the ideal of the policy and its practicaplementation. Furthermore, | believe that
consistency of language use may be generally efasiarteacher to achieve than for the pupil -
assuming that a teacher feels confident using &mglfhe writers of the NMC may have
underestimated the difficulty encountered in imsgstthat pupils use their second language to
discuss at length, or they may have inadverterstfmed that in a mathematics classroom it is
the teacher who is to do most of the talking. Whilis may have been the case traditionally, |
have argued in Chapter 3 that more recently, ébissidered much more desirable for pupils to
contribute more significantly to classroom talk.rthermore, the NMC assumption actually

works counter to another NMC principle, that ofvdmping thinking through co-operation’.

6.5 The issue of developing thinking through co-opation

One NMC principle promotes a ‘new’ pedagogy of gei@tion, expressed in the document as

follows:

“The pedagogy of co-operation, based on group wehiguld transform the

hitherto competitive and individualistic tendendigsical of Maltese classrooms,

into a hive of synergetic collective endeavours lthrough discussion, exchange

of ideas and collaboration with others that weifglasur thoughts, learn how to

ask questions, change and elaborate our conceghtgaam exposure to different

modes of thinking and action.” (Ministry of Educatj 1999, p.35).
As a mathematics educator, | welcome the NMC's ptimm of the development of thinking
through co-operative discussion. However, | thih&ttlearning mathematics through English
may work counter to this ideal. Although perhapes plipils’ English may improve enough over
time to allow ‘discussion’, ‘exchange of ideas’ d@ndllaboration’, | conjecture that at any one
time, primary school pupils might communicate mefiectively in their first language than in
their second. Furthermore, the teacher herself feyreluctant to set activities that require the
use of a lot of talk because of this anticipatdticdity. Indeed, | observed the Grade 6 girls
communicating with their teacher using longer stries of English and they often appeared to

experience some difficulty. | will discuss this poin the following chapter,.
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It is also worth noting that while the teacherdb$erved were fluent in English and were able to
use it throughout the lessons and beyond, it mahdease that some Maltese teachers lack this
confidence and flexibility of language, so thatyttieemselves may not be in an ideal position to

lead creative and analytic discussions in a setamgliage.

6.6 Strengthening the Maltese language

The NMC document recommends a strengthening d¥itideese language:

“This document regards bilingualism as entailing thffective, precise and

confident use of the country's two official langaag(...) The process of

strengthening Maltese, the language used by therityapf Maltese children in

their home and community environment, contributes their holistic

development”. (Ministry of Education, 1999, p.37)
| feel that the immersion approach suggested byNikE writers actually works against this
ideal since the method may actually pass an indiresssage to young learners that Maltese is
not a suitable language for mathematics, thus cetgp from the value of the language.
Furthermore, when English is used as a medium fathematics, Maltese mathematical
vocabulary is neither used nor developed explicitlye ideal of strengthening the language is a
far-reaching one that goes well beyond the mathesatassroom, but | will broach the

discussion through one of the questions | setittedyring the interviews.

| asked the pupils for Maltese equivalents for tBeglish mathematical words under
consideration and | found that for a number ofwloeds, the girls could not give equivalents. In
such cases, the girls either stated that no Makesévalents existed, or if they did that they
themselves did not know them since they used tlgtigbnones. At one point, Celia (Grade 6)

said:

“l think 1 know much more [mathematical] words imddish than Maltese”
[G6Length(B)Q4]
Now while it might be true that the English versiomight be more accessible through the
classroom register, and that for some mathematiceds Maltese translations are not commonly
used, it is also true to say that for many of tleeds | was focusing on, translations do actually
exist. Furthermore, many of these translationsrartesimply ‘dictionary entries’, but words
which in my experience can, and are, used. It isesagy to define in a clear-cut manner which

words one might ‘expect’ pupils to be able to thates as a very general rule, words that have
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common everyday usage suchlesgth heightetc. are more likely to have commonly used

Maltese equivalents than words that | might loosaly more ‘technical’ such axis

The girls’ attempts at offering translations arenswarised below although not all the words
under consideration are shown. This is becausthéoGrade 6 topic ‘Graphs’, | did not ask for
translations because some of them do not existevdthers are ‘dictionary’ entries that are
rarely used. Hence, | assumed that the girls wookdbe familiar with them. Some Grade 3
words are not mentioned below since some Englisthenaatical words that had been used by
the teacher were not recalled at all by the pupild hence they could not comment about
possible translations. Furthermore, in the sumrbafgw, not all the six pupils interviewed are
represented since occasionally, a pupil may haveireed silent, not offering a translation, yet

not stating explicitly that none existed.
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Grade 3 Grade 6
Length Length
One girl offered appropriate translations|of | The girls offered appropriate translations for
metru, ¢entimetru and kilometru for metre centimetrekilometreandmillimetre.
metre centimetre and  kilometre
respectively. The other pupils stated that|no| Appropriate translations were also given for
translation existed for these three words. length, height, longer /shorterand to

measurgtwo versions).

Two pupils said that no equivalent for
length existed, two did not offer a | For width, one pupil offered the correct
translation and two gave the Maltese liay translation, oné¢hickness and the other four
andmeasureas possible translations. could not give a translation.
Three pupils offered the appropriate verbs| No translations were known fguerimeter
kejjel or immexerja for to measurgwhile andmeasuremer(in my experience, Maltesge
kejjel was again offered by two of them gs | perimeter in rarely used, butgies /kejl
a possible translation foneasurement [measurement] are common words).
Longer and shorter were translated

correctly by same girl who offered
translations for the units (see above), whi
the other pupils gave Maltese equivalentg
long/short, longer/small, big/small.

5}

Multiplication and Division

Four pupils offered the loan-shifkxerja

for share although | noted that during th
course of the interviews they also used
other translatiomasam

Graphs
Discussion not held for this topic (see m

text for reason).

=

n

the

Two pupils offered the

iggruppja for to group.

appropria

Multiplication, multiply by, times, division,
divide byandtableswere said by all pupil
not to have translations. These wor
except for fnultiplication) tablesdo have
translations, which however are n
commonly used as part of the classro
register.

ot
pm

Table 6.2 Translations offered by pupils for mathgoal words

The Grade 6 girls seemed more able to offer Makesgvalents for Length related words. | can
only guess at why this was the case, since | didspecifically ask them if they could recall
when and where they learnt them. Possibly their &age experience played a part. Another
possibility is that the connections between thguages may have been made in earlier Grades,

prior to the establishing of the school immersiohaqy.
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Strictly speaking, the pupils’ inability to suggésinslations does not necessarily mean that they
did not know them or that they did not use therotimer contexts; all | can say is that they did
not make the link when asked. Admittedly, | wasimgHkor translations in isolation, rather than
as part of a meaningful situation, and this miglwehaccounted for their difficulty. However,
their difficulty might suggest that the divide beswn school and home mathematics (Whitebread,
1995) is reinforced when the subject is taughtuphoa second language. If this is the case, then
the immersion approach also works against yet angtifth, ideal expressed in the NMC, that of

linking school with home:

“Students consider the learning process to be aatewhen they establish a link

between school work and their personal experien@eliistry of Education,

1999, p.32).
| do not wish to suggest that pupils should leaait®se mathematical words that are rarely used,
since this would be an artificial use of languadewever, | favour children being able to make
the connections between the two languages for easans. First of all, if they have not yet
encountered the word in Maltese through other eéspees, becoming familiar with the word
may enhance their knowledge of the language, thiifimig the NMC ideal of ‘strengthening’
Maltese. Secondly, if the pupitio know and use the Maltese word outside school, thin
knowledge can be tapped into when teaching theigfnglords in order to help convey meaning.
| saw this strategy being used in my pilot studyirdythe teaching of the topic ‘Money’. The
teacher had explicitly drawn on her pupils’ knovgedf the Maltese words fehangeandcost
in order to teach the new English mathematical wordowever, linking with Maltese
equivalents can only happen in a classroom whede-switching is ‘allowed’ while the
immersion approach eliminates the possibility ahsiation being used as a pedagogic strategy

by the teacher.

6.7 Conclusion

The overlap between various practices — a ‘mathemalassroom, an ‘inclusive’ classroom, a
‘cooperative’ classroom — render a teaching/learsituation a multi-faceted one. The insistence

on English may complicate the situation by creatarmgions between the ideals.

If the NMC immersion recommendation is adopted derge scale in Malta, then strategies that
teachers have developed over time to help them watpethe code-switching situation will be

side-lined. Indeed, the NMC suggestion actuallyuced opportunities or even tmeed to
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identify and share with others such strategiesti@mother hand, accepting that code-switching
can be used for mathematics implies viewing codézkiag not as a problem, but as a resource
(Setati and Adler, 2000). If we hold this latteewi collectively, then we could focus our
attention on finding effective ways to link the kmd) spoken mathematics with the (English)
written texts. Rather than eliminate the situatignusing English throughout — something that
my data suggests might not be so easy, nor adeisabiio — | suggest that we look for and share
effective ways to tackle the link. | believe thiistis a fundamental issue in our language debate

for mathematics.

104



CHAPTER SEVEN

The Use and Development of an English Mathematicsdgister

7.1 Introduction

How much, and with what ease, do pupils talk in @rgion classrooms? How
‘mathematical’ is their talk, in terms of the inslan of mathematical
vocabulary?
In the second part of my consideration of languagi@ medium, | now reflect on the use and
development of the English mathematics registem linterested mainly in the language used by
the pupils, although | consider this in relationthe teachers’ contributions, since whole-class

interaction is constituted by both.

| start this chapter by looking at the extent tachtthe pupils were generally encouraged to talk
and also the ease with which they used Englistxpoess themselves; | then direct my attention
to the insertion of mathematical words, reflectiog similarities to, and variations from,
‘conventional’ mathematical English. | end the deapby digressing from the English
mathematics register to reflect on a possible Miktdtese English one. This latter discussion
had not been planned, but since | collected som@&d/data as part of the pupils’ interviews, |

found that | was able to offer some initial thouggimt this regard.

7.2 Extent and ease of pupil talk

The first aspect of the class talk that | woule Itk examine is how much opportunity the Grade
3 and Grade 6 pupils were given to talk in classdth classes, a ‘whole-class’ teacher-directed
approach was used. Rose and Gina tended to temautilie front of the class, guiding the pupils
by means of a series of questions. Within eachsclagpils covered the same work, at roughly
the same pace and class corrections were commanmhed out. However, the styles of
interaction were not identical, resulting in difet levels of pupil involvement. In Grade 3, the
style of teacher—pupil interaction was almost esigkely the I-R-F type (Sinclair and Coulthard,
1975). Pupils tended to give short responses whibln correct, were repeated or confirmed by
the teacher. If incorrect, Rose generally turnecanother pupil for an alternative response.

Sometimes, Rose allowed chorus answers as in ftbeviiag excerpt:
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(The class is working out a textbook exercise whagigien a number of metres

and centimetres, the pupils are required to exptiesdength in centimetrgs

Teacher: If 1 have two metres, thirty-four centimest ... {vrites ‘2m
34cm’ on the whiteboajd Now we said two metres are how
many centimetres?

Pupils: Two hundred!
Teacher: So | have two hundred and ...?
Pupils: Thirty-four!

[G3Length3minute10]

On other occasions, Rose selected particular pigpdaswer a question:

(The class is correcting a textbook exercise. Giemumber of gloves, the
pupils were required to find the number of fingers

Teacher: Kelly, how many gloves did we have?
Kelly: Two.

Teacher: Two. And how many fingers?

Kelly: Five.

Teacher: And that gives me?

Kelly: Ten.

Teacher: Ten.

[G3Mult&Diviminute37]

The Grade 3 pupils did occasionally utter statesefnitnore than one word, but even these were

rather short. For example:

(The class is recalling the difference between @zbotal and vertical
line, an idea discussed in a previous week).

Melissa: Horizontal, it is ...gmiles and inclines her head to the
side sleeping.
[G3Mult&Div3minute2]

One of the longest statements | heard was offeyédildia:

(The teacher has just indicated that a metre is axipnately the length

of her arm span. She has asked pupils if they samate a length of

50cm. Nadia stretches one arm out to her side. ffleraasks her to

stand up, apparently inviting an explanation

Nadia: You put out your hand only [only one armyidhat’s a
fifty centimetres.

[G3Length3minute35]

For a great part of the time, the girls’ were reggito supply an answer that was already ‘in the
teacher’'s head’, and their responses were of ohgwwords only. | cannot exclude the fact that

Rose used this style because she was conscidus pbtential difficulty the pupils might find in
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using English, but from my observations of thel ieasons and Rose’s general relationship with
the pupils, | believe that this was her preferredggogical style. | concluded that in the case of
the Grade 3 pupils, opportunities to talk wereidetéd by the style of interaction encouraged by
the teacher. If | draw on Halliday’s (1978) disdassof register, then | can consider the ‘style of
interaction’ to be a result of both the interpeedaelationship and the role the pupils’ language
was expected to play. The fact that the intervestiwere short meant that the pupils contributed
with ease to the generally predictable patterraltf in this class it seemed that it was possible
for English to be used by the pupils as a mediugoaimunication.

Although a similar style was often used in the @récclass, Gina also encouraged her pupils to
use more speech. Furthermore, she allowed spontagating out of answers and questions and
occasional light-hearted comments. Gina referrduetopupils as her ‘young ladies’ and outside
lessons, Gina often listened to what her pupils taday about a variety of things. This
relationship was also reflected in the mathemdéssons by means of open-ended questions

(e.g. why? / how?) or invitations to share ideas.dxample:

(A class discussion is taking place regarding metshmimitive man may have
utilised to measupe

Teacher: Can you use your body to measure?
Monica: Yes!

Teacher: How Monica? Tell us.
[Gr6Lengthlminute6]

Following such questions, | would expect that tbke mplayed by pupils’ language is that of
offering opinions and spontaneous ideas. Indeetly?vand ‘how?’ requests are generally
intended to promote pupil talk (Clemson and Clemd®94). However, | noted that at these
points in the lesson, the Grade 6 girls often stibsame difficulty in expressing themselves, and

resorted to using gestures. For example, the atposted episode involving Monica developed
as follows:

Teacher: How Monica? Tell us.

Monica: Shows up her right pointer finger

Teacher: Your finger. Tell me how. Measure the deik your
finger.

Monica: Lays her finger along the edge of the desk and sit\adong
like aworm. The other girls laugh

Teacher: That's a bit difficult, but good!

[G6Lengthlminute6]
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Hence, although invited to ‘tell’, Monicshowednstead. Of course, gestures are an integral part
of any communication and indeed, both the teacteniselves used gestures as they taught.
However, in the teachers’ case, gestures tendedmplementhe speech rather thagplaceit.

For example, in the following excerpt, Gina usetegtic gesture to direct pupils’ attention:

(An L-shaped desk arrangement is drawn on the idgtel. The teacher is
discussing the dimensions with Celia).

Teacher: This is ninety-nine you saidshé touches the longest
vertical sidé.

Celia: Yes.

Teacher: What else3lte touches the lower adjacent $ide

Celia: Forty centimetres.

[G6LengthSminute29]

At other times, the gesture may have been usech&ié concrete the concept” (Goldin-Meadow
et al 1999, p.4) as follows:

(Rose is giving the pupils an indication of thegidnof a metre)
Teacher: $tretches arms out at her sifleThis is about one
metre, about one hundred centimetres.

[G3Length 1minute35]

Gestures did not seem to be used much in Graded3, @njecture that this was because of the
brevity of the pupils’ responses. On the other handeemed to me that the Grade 6 pupils
sometimes used gestures because they found sdficalifin expressing themselves verbally.
Often, when this happened, Gina would rephrases¢igence or ‘fill in’ the missing language,
sometimes stating: ‘So you're saying that' or ‘seesaying that ...". Such a situation is
illustrated in the following excerpt:
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(The pupils are working on a tiling problem. Thedieer has just distinguished

between area and perimeter. Dorianne looks up atciling beam that runs

across the width of the room.

Dorianne: That ...fdoints to the beajn

Teacher: The beam.

Dorianne: Ehrugs her shoulders as though to say ‘whatgévem, it's like
perimeter, it's around. But if it's like a wall .tsl the area
(moves hand up and down as one would do when pgiatin

wall).

Teacher: Ah, we can take the length of the beamsalis, but if
we need to wall the space in between, we haventb fi
the area.

Dorianne: Nods.

[G6Length8minute64]

This is not to say that the Grade 6 pupils fourfticdity with every contribution. There were
many occasions when they offered responses obsaysentence long and these were offered in

full. For example:

(The class is reading off information from a graph

Teacher: Why do the numbers in the vertical axap sat hundred?
Caroline?

Caroline: Because the total [highest] mark is haddr

[G6Graphs4minute 18]

Most of the Grade 6 pupils indicated that they daxpress themselves effectively in statements
of this length, although the accuracy of expres§iothe sense of correct use of English) varied
from pupil to pupil. However, generally speakinige tonger the response expected, the greater
the tendency for the girls to falter in their exggien. For example in the following excerpt, Clare
- who was considered by her teacher to be oneedgbtightest’ pupils in the class, and from my
observations was one of the pupils who participatembt in class - tried to explain how

prehistoric man may have measured objects:

“If I was living in those times, | would get somath straight ¢estures a
horizontal orientation with one hahé@nd example, if | know that a leaf, em, a
leaf is this long lfolds herhands about 15cm apart, palms facing each QtHer
do straight. And for example | do like thisafds about 50cm apaurtl get a
small ruler like thistfands 20cm apartand | know that it is like thish@nds a bit
further apar). (...) | do this (nakes an action with one hand resembling a ;hop
em ... | would do a signrépeats actiopso that if | want to measure a leaf, | see
if it's smaller, if it's big or smaller”. [G6Lengttminute 3]
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Although I got a general sense of what Clare miasay (that is, to compare the length of a leaf
with that of a given ruler), the details of herwargent were not altogether clear to me. Whether
Gina and the other pupils followed or not, | cantelt after Clare's explanation the teacher
simply said:

“Yes, yes, even in the very olden days, man didd fia way to
measure.”[G6Lengthlminute3]

Adler (2001) noted what she referred to as a ‘diemof mediation’ in the South African
classrooms she observed. This involved the teaheing a balance between allowing the
students to express themselves freely and on trex band, intervening to guide them to more
effective communication. In the case of Graderégfexpression’ sometimes meant that the girls
expressed themselves somewhat vaguely or througturgs. This type of expression was
accepted by Gina, just as she accepted Maltesenoa gccasions. Gina admitted that sometimes
her pupils would be ‘fighting for words’” when trginto use English, and in relation to the
possible use of Maltese in such a situation, sldemie during the first interview:

“Then you get some Maltese and some English... [thdrsay] ‘so, you mean

that ...” and you [1] say it in EnglisiThen you [l] tell her, ‘let me see if you've

understood’ ... And she tries it in English. That Wabbe a step forward)o?”

[GinaGeneralDiscussionQ3d]
However, | noted that in practice, this secondngteat expressing themselves did not actually
take place, whether it was Maltese, gestures ariiect English that had been used. Gina had
also stated that she was reluctant to discourageumls’ efforts to use English and in fact it
appeared to me that once the teacher understoquufhiés contribution, the lesson moved on.
Hadar and Butterworth (1997) suggested that bodyements increase when hesitation in
speech occurs and this is what might have beerenappas the Grade 6 girls tried to participate
through English. Hence even though Gina generaliyl tto encourage her pupils to express
themselves by asking open-ended questions, thasBrigimersion approach might have been
restricting the pupils’ verbal contributions.

As a point of interest, | would like to note a ditnce between the pupils’ ease of articulation
during the lessons and the interviews | carried lonbted that during the interviews, the Grade 3
girls expressed themselves at greater length thamei classroom while the Grade 6 girls were
often able to express themselves more articul@tghgther their ideas were correct or not). For

example:
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(Melissa, Grade 3): Sharing means that we havelong(pausg ... when we
have three, three girls and we have three, thriddreh. You have to share them
with the three girls. [G3Mult&Div (B)Q2].

(Clare, Grade 6): Regular is when you have a stizgiehas all the sides equal;

and irregular, you have a shape and it doesn't halVethe sides equal

[G6Length(C)Q2].
The longer and clearer articulation may be a resfulbe fact that the English explanation may
have even been the second attempt to explain tidsyafter an explanation in Maltese had
already been given (although for some pupils it weesother way round). For example, with
regard to the two explanations just quoted, botHidgi®@ and Clare had explained the words
sharingandregular once before, through Mixed Maltese English. Howeléhink that a fuller
explanation lies in the elements of the socialasitun that defined the interview context. As
pointed out by Halliday (1978), the elements obatext determine the register. In the case of
the Grade 3 pupils, the role of their language swdsstantially different to that in the classroom.
In the classroom, the role of their language wadsltan the blanks’ left by the teacher who was
in an obvious authoritative position; on the othand, during the interview they were asked to
offer fuller explanations to help me out, whichytheillingly attempted to do. With regard to
Grade 6, if | compare opportunities to talk in gtessroom with the interview context, then | can
say that during the lessons, Gina moved from clésexpen questions in a rather unpredictable
manner, and the discussions were various. On tiex biand, the interview took on a predicable
pattern since much of it consisted of me readingaoword from a printed list and the pupils
offering an explanation. | allowed all the pupils @much time as necessary to talk and even
encouraged them to support each other wheneverfdlieit was helpful. Consequently, the
interpersonal relationships during the interview &éme role that the pupils’ language got to play
were different to those of the classroom, resulimglifferent types of contributions by the

pupils.

Morgan (1998) suggested that there exists more dhammathematics register, in the sense that
the language in a primary classroom is differenth@t in an A-level class in terms of say,
vocabulary and level of argumentation. | can add éven for the same speakers, the register can
vary given different situations and | acknowledbattthe register used by the pupils in the
classroom is not the only situation in which thpsgils may communicate their mathematical

ideas. However, ultimately | think that it is maedevant to reflect on how language was used in
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the classroom than in the interviews, since thisvimt constitutes teaching and learning of

mathematics, unlike the one-off interview expereendth a researcher.

The inhibition of extended talk in class shouldabsource of concern for us in Malta since we
are in the process of phasing in a new Mathem&teme for primary schools (Merttens and
Kirkby, 1999). The scheme includes investigativak$a practical work and the sharing of mental
strategies, activities that generally promote amdked require more use of language than
traditional approaches. Most independent and Chsghbbols (including St. Helen’s) had already
introduced the scheme for all Grades when | caoigdny study, while the State sector adopted
a phasing-in approach, with the aim of having athdes use the Scheme by the academic year
2006 — 2007. | have had informal conversations weitlucation officers who visit schools
regularly and they report that although some teachee skirting around the above-mentioned
‘innovative’ activities (I got the impression thadvth Gina and Rose themselves were two such
teachers), many others wish to use the schems falltadvantage. This being the case, | am
curious about the dilemmas that these latter teactmight face if they choose to insist on
English in line with the NMC recommendation.

7.3 Inclusion of mathematical words

One element that characterises a mathematics eegist the presence of mathematical
vocabulary. | was interested in exploring whetlogid-related words were used by the teacher
and pupils and if so, how frequently. | was alsnats about which tasks appeared to encourage
their use, and hence support the development ofeilfister. Before presenting my results, two
points should be noted. First, | feel that it ig possible to establish what can be considered
‘many’ or ‘few’ mathematical words in a stretch tdlk, and so | will restrict myself to
comparing the teacher’s use of the words with thpilg use. Second, my discussion only
involves the presence abpic-relatedwords (see Section 5.5.3) for how these words were

selected) and natll mathematical words that were used.

In order to compare the use of the topic-relateddw/idoy the teacher and pupils, | tracked the
number of times the words were used in the lesgbios.simplicity’s sake, | grouped variations
of a word together as, for example, the varteasure measuresmeasuredandmeasuring. A
limitation of this exercise was that | could onlyunit words that were picked up by the cameras.
Generally these were words used during the ‘whialsst interactions. However, | cannot

exclude the fact that the words under consideratiag have been used on occasions when they
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were not recorded by the video-camera, such astasoee teacher-pupil or pupil-pupil

interaction while the girls worked on a task. HoeeM believe that the frequencies | present
offer a good general picture of word use.

The frequency of use by teachers and pupils arershio Tables 7.1a&b. The entries under
‘Teacher’ refer to either Rose (Grade 3) or Ginea@f@ 6), while the entries under ‘Pupils’ refer
to use by any one of the pupils in the class. Spuogels contributed to this section more than
others: for example Grade 6 pupil Kirsty used tkpressionx-axis three times in the second

lesson on ‘Graphs’, while several pupils did no¢ itsat all during that same lesson. | have

presented the words in order of frequency of usenguhe hours dedicated to the respective
topics.

Grade 3
‘Length’ (4.2 hours) ‘Multiplication and Division’ (5.2 hours)
Word Teacher| Pupils Word Teacher Pupils

Centimetre/s 464 200 Multiply by 162 23
Metre /s 301 43 Division 112 27
Measure/s/ed/ing 99 0 Times 62 43
Long/er/est 67 1 Tables 61 0
Kilometre /s 52 1 Multiplication 54 4
Length/s 37 1 Divide by 39 3
Short/er/est 21 0 Grouping 19 0
Measurement/s 18 1 Sharing 13 1
Width 9 0
Estimate 7 0
Height 5 0
Total 1080 247 Total 522 101

Table 7.1a. Frequency of topic-related mathematicatls use in Grade 3
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Grade 6

‘Length’ (12.9 hours) ‘Graphs’ (11.6 hours)

Word Teacher| Pupilg Word Teacher  Pupi
Centimetre /s 430 130 Graph 153 15
Metre /s 267 88 x-ly-axis laxes 118 a7
Millimetre /s 231 64 Represent / ing 74 26
Measure /s/ed/ing 191 36 Plot /ing /ed 35 2
Length /s 154 36 Scale 30 8
Spanghand/arm/foot/ Pie-graph/chart 23 10
wing) 65 7 (Drop a) perpendicularl 16 0
Longer / er /est 58 4 (Straight)line graph 15 8
Perimeter 47 17 Block graph 15 1
Width 45 17 Data 12 2
Kilometre /s 43 19 Bar graph 6 4
Height 35 16
Measurement /s 32 2
Breadth 28 15
Short / er /est 21 1
Irregular 12 1
Regular 9 0
Metric 4 0

1727 428 497 123

Table 7.1b. Frequency of topic-related mathematicaitls use in Grade 6

pupil frequencyor the topic-related words under consideration:

The Tables reveal very clearly that the teacheesd tise words much more than the pupils. This
is perhaps not surprising considering that thelethimuch more than the pupils and that the
exposition of ideas was very much their resporigibiHowever, the relative use brings to light

an interesting point if compared across the Grabaisle 7.2 shows the ratieacher frequency /

Word frequency (teacher)+ word frequency (pupils)

Grade 3 Grade 6
Length M&D Both Topics Length Graphs | Both Topics
4.37 5.17 4.60 4.04 4.04 4.04

Table 7.2. Relative use of topic-related wordadter frequency + pupil frequency).
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Interpreted differently | can say that for evergaonathematical word the teacher used, the Grade
3 and Grade 6 pupils used respectively 0.22 arisl\ddzds. The results for Grade 3 and Grade 6
do not appear too different and | consider thisrampion to be one worth reflecting on since the

Grade 6 pupils were in fact given much more oppatyuo talk in the class than their Grade 3



counterparts. One reason may have been that alththey younger girls’ contribution was

limited, it often included mathematical words (¢fgventy centimetres”). However, | was also

struck by how easily the Grade 6 pupils ‘got bytheut using topic-specific words. For example

in the following interaction, | might have expectedchel to follow her teacher’'s modelling of

the termy-axisas part of her query, but she did not:

(The class is about to start copying a graph presgrih a textbook. The
teacher has just drawn the x- and y-axes on theetbard as shown:)

Rachel: Miss, why at the end of the graph, you drgw drew another
line? Gestures with one hand in the air, moving handicaiy
downward}.

Teacher: Where?2.6oks at the boajd Where?

Rachel: The graph/

Teacher: /The x-axis? The x? The Rufs her hand along the y-
axis).

Rachel: Yes. Because under ... you, you did another line
(repeats vertical gestuye

Teacher: For the time being we're not using thisu¢hes
‘extension’ of y-axis Later on, yes.

[G6Graphs2minute41]

According to Pimm (1995), using mathematical watligws the speaker to ‘point’ and | suggest

that one advantage of doing this is to use timeenadficiently since not having a name for

something can slow down communication. For examipleghe following excerpt, time was

‘wasted’ as Gina established to what it was thaeFea was referring:

(The class is correcting an exercise where the pujat to draw a straight line

The teacher asks Federica for instructions:)

Teacher:

Federica:
Teacher:

How am | going to plot theseir(s hand along the x-ajis

Where is your ‘birth’?

fPoints to blackboaryd

Where? Here? Here? Here?
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(Touches three points along the x-axis, the firsttploeing the

origin).
Federica: There. (Points towards the origin
Teacher: Here? (Touches the origin
Federica: Nodg. And then three kilogrammes/
Teacher: Where? Down her&d(ches origih
Federica: No. ThereP¢ints to indicate further up the y-akis
Teacher: Marks three short horizontal lines on the y-axiglan
labels the third one ‘3:One, two, three kilos.
[G6Graphs5minute51]

Federica was at the side of the classroom and amtidouch the whiteboard as the teacher
could. Through further observations and intervieatad | have evidence that both Gina and
Federica  were aware of  the expressionsx-axis and  y-axis and
Gina even used the wowtigin once during the week. However, in the above excénpse
words and expressions were not used, leading tot wheonsidered to be inefficient
communication. Other potentially helpful expressiomay have been ‘two centimetres above the
origin’, ‘along the x-axis’, ‘further up the y-axiand so on. | do not know whether Federica was
inhibited by the use of English at this stage. Pdgshad the interaction been taking place in
Mixed Maltese English, shmight have used expressions such as “two centimidtans'il fug
miz-zero” [two centimetredurther up than the zero], ‘mal-x-axis” [along the x-axis]. Of
course, this can only be a conjecture on my peted have no way of knowing what Federica

might have said in an alternative situation.

Admittedly, it is not practical to expect that atheamatical word will be inserted at every
potential opportunity, but given that various reshars (e.g. Chapman, 2003, Harvey, 1982;
Miller, 1993; Zaskis, 2000) have recommended awahohove from informal language to more
mathematical language, it would seem necessaryntmueage pupils to use topic-related
mathematical vocabulary. It seems that increasgiegamount of talk on the part of pupils may

not be sufficient to ensure this.

On the other hand, some words were in fact usestauoiially more than others by the pupils in
both classes. These includedntimetres metres multiply by and division for Grade 3 and
centimetresmetres millimetres and x/y-axisfor Grade 6. In both classes, the measuring units

were used frequently as part of conversion exes¢esg. expressing 3m as 300cm):
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(The Grade 3 class is working out a conversion esernogethe.

Teacher: What if | have four hundred and ninetesmimetres?
How many metres and centimetres is that?

(...)

Kelly: Four metres and nineteen centimetres.

[G3Length4minute32]

(The Grade 6 class was correcting an exercise wtierg had to measure the
length of some objects drawn on a hanjlout

Teacher: How long is our pencil?

Pupil 1: Thirteen centimetres, five millimetres.
Teacher: Another way of saying it Charmaine?
Charmaine:  Thirteen and a half.

Teacher: Sara?

Sara: One hundred and thirty-five millimetres.

[G6Length 2minute61]

For the Grade 3 topic ‘Multiplication and Divisigmnany of the tasks involved working out
multiplication and division operations, with thedder and the pupils often using the expression
multiply byor division byas part of theiexpression (these were used in the senseuttiplied

by anddivided by:

(The class is looking at a textbook illustration siray six monsters with three
legs each. The object of the exercise is to fieddtal number of legs

Teacher: What are you going to do [Angela]?
Angela: Six multiply by three.
[G3Mult&Div5minute6]

In Grade 6, the expressiorsy-axiswere used when the girls offered their own suggestfor

the scale of a graph:

(The class is correcting a graph that had been eehbmework, where they
had to show test marks obtained by students onr ytagoh. The pupils had
been expected to choose a scale for both axesgifibeare stating the scales
they have used).
Dorianne: | did it, the x-axis, two boxes represamte name of a
child and y-axis, two centimetres represents two marks.
(...)
Pupil: Miss,can you do y-axis em... two centimetres represents the
mark each child got'?
[G6Graphs2minute11-16]

Hence the words that tended to be used by the @éeanid the pupils were those that were

‘needed’ for the exercises at hand. While this miggem like an obvious observation, put
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another way | can say that words that were notewegere not used. This leads me to conclude

that if | wish a word to be used, then | may needréate a situation where it is needed.

Hewitt (1996) suggested that one way to encouragkests to use mathematical vocabulary is to
subordinate words to other activities thus ‘forciting words to be practised. This does not mean
that complete revamping of activities is necessaay activity may only need a slight variation
in order to fulfill this objective. For example, ame of the exercises Rose set for homework, she

asked the pupils to measure some items, givinguictgbns as follows:

“Measure your table at home, measure a chair, measu copybook
..."[G3L1minute46]
At home, the pupils wrote the name of the object amrmeasurement on their copybook (e.g.
book - 15cH) it was not necessary to write, say, ‘the widthhe table’ etc. However, a slight
variation to this task would have ensured the disbeowordswidth, lengthandheightthat Rose
had just introduced. The words would have been usédnly in the written work, but also in

the reporting back of the homework the followingy.da

Although during the interviews the teachers hadestahat they did draw attention to key
mathematical words, during the lessons | got theréssion that the vocabulary was not a main
objective for them. For example, for the above-nosed activity, Rose explained to me that the
aim of the task had been for the pupils to praciseg the measuring tape, so in fact it was not
important for them to use the wordadth, length andheight | think Rose’s view ‘it was not
important for them to use the words’ is significamd was also reflected in one of Gina’s
statements, where she said that it was not a sofim@ncern for her that her pupils did not use

mathematical words:

“If | use it [the mathematical word] and use itdause it, it will fall in place, so to
speak. (...) As they grow older they will hear it moso the most important thing
for me is that when | say the word they undersitiadd they know it, and they
can express themselves. It's OK with me for theetlming [that they do not use
the mathematical words]. Later on things will fatio place” [GinaLength(2)Q4]

and that:

“I's exposure to the language which is most img@oit | think”
[GinaLength(2)Q9].
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Gina’s opinion reflected an emphasis on the regeptspect of language. However, as Hatch and
Brown (1995) suggested, if a teacher is to movelpas far as possible on the continuum of
word knowledge, then word use is essential. | lhagervations about adopting an attitude that
things will ‘later fall into place’ since this masult in a situation where a teacher may not
consciously give attention to language. That isatild seem necessary that a teacher appreciate
increased use of mathematical vocabulary both m&ans of communication and as evidence
that the pupils have developed a meaning for thel withis belief may then result in the teacher
trying to find a balance between focusing on matttéral language explicitly and on the other
hand ensuring that the language is available testis to allow them to talk about ideas. The
attempt at this balance is referred to by Adlel0@0as a ‘dilemma of transparency’. | suggest

that this dilemma is a useful one, but one thatnedspparent in the classrooms | observed.

| think that if a teacher is to go to the troubleaslapting her pedagogic approach, then an
underlying belief in the usefulness of mathemati@agjuage is necessary. | cannot assume that a
teacher will hold this belief. Indeed, in her wathth primary trainee-teachers, Zaskis (2000)
found that some trainees initially resisted a foonsmore precise mathematical terminology,
feeling that it was unnecessary. This potentiastasce is something worth reflecting on for me

as a mathematics educator for primary level mathiema

| note that the issue regarding the inclusion ofhmaatical words seems to be a pedagogical
issue, rather than a consequence of the Englistersiom approach. | conjecture that, even if the
lessons were to be given through Mixed Maltese iBlmglor any other language, the same
situation might have arisen. Hence, this issu@éstbat appears to relate to general mathematical

language or ‘any’ classroom, rather than specifi¢dalan immersion one.
7. 4 Variations in the use of mathematical words

Many of the words were used by the teachers angupés in a similar way grammatically to
that which, from my experience, | might expect.f@oexamplecentimetrewas used as a noun
to denote the measuring umplpt was used as a verb in relation to grapdrsg was used as an

adjective in relation to size and so on. The follapexamples illustrate this point:

Rose: How many centimetres do | have?
[G3Length4minutell]
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Rose: To work multiplication, you need to know thbles.
[G3Mult&Div2minute0]

Gina: Are the measurements all the same?
[G6Length7minute80]

Gina: You can start plotting it [the graph] if ygmow how to, and |
think that you do.
[G6Graphs1minute84]

Similarly for the pupils:

Melissa: They are not small, they are big.
[G3Lengthlminute28]

Petra: Four times three.
[G3Mult&Div5minute5]

Caroline: You measure the string.
[G6Length8minute49]

Pupil: [The cents are] on the y-axis.
[G6Graphs3minute4]

However, there were some words that were used imarpected way by the teacher and /or the
pupils during the lessons or interviews. Theseoaiténed in Table 7.3. Here | also include the
word plus, since it is an interesting example, even thougiegely | have not considered this

word in my analysis:
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Word/expression Users Examples

Do plus used ag Pupils (both G3 Rose: We cannot do plus. [G3Mult&Div2minute3D]

an alternative tg and G6),
add occasionally Daniela: You do those two plus, and the answer
Rose times two. [G6LengthSminute?]

Multiply as a Rose: Touching the + notation on the boardVe

noun use this for division not the multiply, all right?
[G3Mult&Div2minutel17]

Do multiplyas an Lara: When you do multiply, the sum, em, the|...

alternative to| Grade 3 pupils| answer begins [becomes] smaller. [G3M&D(B)QR]

multiply Rose

Multiply by as an Pupil: Three multiply by ten

alternative to [G3Mult&Divliminute48]

multiplied by

Rose: Ten division by two, because you have fwo
girls. [G3Mult&Div2minute19]
Division as an
alternative to| All pupils, Rose | Maria: You make ... em .. three ... three division|by
divide/divided by | and Gina three. [G3Mult&Div(A)Q2]

Pupil: Can you do the answer division by two?
[G6Length5minutel18]

Table 7.3. Examples of different uses of some nmadttieal words.

| think that more ‘conventional’ modes of matheroaltiexpression could have been achieved
with a heightened awareness of how the words weirgghused. | say this because in fact, Gina
and Rose did at times use expressions such asayded’, ‘we multiply’ and ‘divided by’ [for
example, G6Graphs2minute26, G3M&D1minute8, G3M&Ddute17 respectively]. There was
also evidence that some pupils were familiar wisse expressions. For example, Grade 6 pupil
Clare said ‘you divided’, Claudette stated ‘you 'tanultiply’ while Grade 3 Sandra used the
expression ‘we wouldn't add’ [G6Length3minute4l, L&6gthSminutel5, G3M&D(A)Q2].

Thus the vocabulary was in fact known to the teechad tasomeof the pupils.

| discussed the pupils’ examples of unusual stflexpression with Gina, who acknowledged

that they were not altogether correct. She said:

“l have those kind of sentences when they are it excited... As a matter of
fact, | don't correct their English. | focus more what they are doing on their
copybook. | do accept ‘I did them plus’. | say ‘OKdoesn’t matter’ or ‘OK, you
are right’ because eventually when they are SURRat they're doing, they
will realise the wrong sentence construction angly tvill improve on their
English as well” [GinaGraphs(2)Q8].
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| cannot say how widespread the examples quotedoasadly; this can only be established
through the observation of many classrooms. Howexarations like the ones mentioned are

worth reflecting on from both an epistemologicad @anlinguistic point of view.

If I consider the woranultiply as used in Grade 3, that is: ‘three multiply byrfo’do multiply’

and ‘the multiply’, it seems to me that one wamltiply is sufficing for three expressions
namely multiplied by, multiplyand multiplication. Although related, each of these variations
offers potentially different mathematical meanitigthree is multiplied by foyrthen the verb is

in a passive form, implying that one number is dag by another and thus obscuring agency
(Anghileri, 1995). On the other hand] [multiply is an active verb, that implies a human
involvement (see Morgan, 1998, for a detailed dismn of an author’s /speaker’s relation with
mathematics). Hence, these variations suggestreliffevays of how mathematics is brought
about and the role of human beings in its creadargan, 2001). Furthermore, as stated by
Morgan, using a nominalisation likaultiplication has an effect on what can be said about this
process object, for example it allows the procesact as the theme of a clause (for example,

“Multiplication IS ... commutative / the inverse af/gsion / etc.”).

Admittedly, | did note that variation was offereg imy participants through the use dd and
the ‘do multiply’ appeared to indicate an active vefthe multiply’ appeared to imply a
nominalisation. However, if we are to promote tise of English as the medium of instruction
for mathematics, then we need to keep in mind Wigtin the English register there are
particular ways of saying things that have now beeestablished. Hence, | think that when
promoting general English we need to be careful that we do not owdrithe importance of
promoting appropriatenathematicalEnglish. Explicit attention to this is importanten if a

mixed verbal code is accepted, since written masitiesicontinues to be in English.

The variations outlined above may also be of istefi®m a linguistic point of view and it may
be worth examining how Maltese may be influencing ase of English words. | say this
because | noted that some of the variations lisbedve utilise the worddo or make(e.g. ‘you do
multiply’). The over-use ofdo/makeby Maltese speakers using English goes beyond the
discipline of mathematics. In his research on ‘tiggatransfer’ from Maltese to English in

secondary school students’ written texts, Georgenillai (2004Y noted that one of the most

5 The author cited here is not to be confused withowette Camilleri (1995, or as Camilleri-Grima, 03)
previously quoted in this thesis.
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common mistakes he found was the inappropriateotiiee verbsdo /make The Maltese verb
ghamel translates into botlo do andto make but is often used in Maltese whete / make
would not be used in English. Indeed, | observedviérbto do being used often by the pupils,

for example:

Ramona: You want [need] to do the tables.
[G3M&D(C) Q2]

Clare: | do straight.
[G6Lengthlminute3]

It seems that thelo+ structure may be a result of translation, a pthat | will continue to
discuss in the following section. Indeed, at thégs, | would like to digress a while in order to
touch on a possible Mixed Maltese English regisédthough not part of my main research
interests, | felt that the data | collected durthg pupil interviews allowed me to offer some
initial thoughts.

7.5 Reflections on a possible Mixed Maltese Engliskgister

The context-dependency of register implies th#& tbo simplistic to suggest that mathematics
‘should’ or can be expressed totally in Englishtaially in Maltese. As Camilleri (1995) noted,
codeswitches usually serve a pedagogic reasonréasen may be to form links with written
texts. For example, in the excerpt below, Kellyaferring to a textbook exercise where the girls
had been expected to find the total number of ¢égsonsters.

Kelly: Hemm two monsters (...Allura naghmlu two times three.
Kemm hemmmonstersu sagajn.
[There are two monsters (...50 we dotwo times threeHow
many monsterghere are, and legs].

[G3Mult&Div(C)Q1]

While | have generally argued against immersion kach in favour of mixing the languages
according to need, this does not imply that itas mecessary to reflect on this mix. At present, |
can only offer a starting point for this discussiand the aspect that | will touch on is how well
English mathematical words and expression ‘fitoimtherwise Maltese speech. | noted that
words that were grammatically nouns ‘fitted’ weito the Maltese speech. These were words

like such asnetre measurementvidth, graph x-axis multiplication tables
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Rachel: Imma I-bar graphsktar sempli¢i mill- line graphs.
[But the bar graphsre more simple than thdine graphs].
[G6Graphs(A)Q1]

Petra: Irridu nu zaw il-kilometres.
[We need to use [thekilometres].
[G3Length(a) Q1]

The same could be said about words that were agjsdie.glong/longer/longestshorter, tall,

regularirregular).

Sonia: L-ghalliema] bdiet tghajjat lit-tfal biex jo horgu (...) biex
niftakru kemm huma twal u short.
[The teachei stated to call out children (...) so that we’ll
remember how tall or shortthey are].

[G3Length(A)Q1]

Celia: (Tpingi shape fuq karta)rregulardik.
(Drew a shape on a sheet of papdfat one isirregular
[G6Length(B)Q1]

Sometimes English insertions were longer than amelvas in the following example:

Joanne: Squargja regular shapghax ghandhaall sides equal.
[[A] Squareis aregular shapbecause it's goall sides equall.
[G6Length(A)Q1]

From a linguistic point of view, the mixing illustied above complies with Myers-Scotton’s
(1993) discussion of how two languages come togaétheode-switching patterns. Of particular
interest to me from Myers-Scotton’s work is hempdhat when two languages come together, it
is the ‘matrix language’ (Maltese) rather than ‘dmbedded language’ (English) that provides
the morphosyntactic frame. That is, the grammaticatedures are matrix-language based. So
for example, in the quotation above, Celia litgrakhid “Irregularthat [one]” which is in line
with Maltese sentence structure. As a result sf phienomenon, | became aware of one potential
difficulty with regard to the use of verbs. Makegerbs are conjugated so that an English verb
cannot simply be inserted as is. That is, one dasingply say Jiena plot il-graph’ to mean ‘I
plot the graph’ because the verlot must be conjugated to tally with the first pergwanoun

according to Maltese grammar. In fact, some ofubds used by the girls were conjugated
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translations or loanshifts, as in the casdeajjel andimmexerja, respective alternatives foo
measure. The excerpt below illustrates the use of both wdyg one pupil: (the reader should
note that the transcripts include conjugations Wwitdhange the appearance of a word — | have

underlined the words to draw attention to them):

Jessica: Meta tkejiel xi haga, meta tkun ged_timmexerja
[When you measuresomething, when you're measuring]
[G3Length(A)Q1]

Conjugation was possible if the mathematical Maltesrb was known, as was the case for
measurdn Grades 3 and 6, aistiarein Grade 3. On the other hand, if the Maltese veab not
known, the pupils used alternatives. In Grade 6ekample, the girls did not seem aware of the
verb ipplottja, a loan shift derived fronplot and instead they used the conjugations for
‘do/make/draw’ [a graph]. The Grade 3 girls did not seem to remgle-word Maltese verbs
available to them fomultiply and divide, and instead the pupils rendered these words nouns

while preceding them by the vedb [ghamel]. For example:

Lara: Ma toqghodx taghmel il-hin kollu plus Taghmel multiply
mill-ewwel.
[You don't keep doing plus all the time. You do multiply
straight away].

[G3Mult&Div(B)Q5]
Maria: (...)taghmel adding il-plus. (...)U taghmilhom division.
[(...) you do adding the plus. (...)And you do themdivision).
[G3Mult&Div(A)Q5&Q6]
Kelly: Mbaghad meta tadimel dividing [the answer] ha jigik
izghar.
[Then when you_dodividing [the answer] will come smaller].
[G3Mult&Div(C)Q6]

The Maltese excerpts reproduced above may explainge of the English expressions ‘do plus’,
‘do multiply’ and ‘make division’ by the pupils aneven occasionally by the teacher. The
expressions appear to be literal translations dtvitiey would say in Maltese. Pimm (1991)
stated that the necessity of expressing matherhatéss can place strains on a language and it is
this strain that may result in new ways of exp@ssDevelopments in a language may be

viewed asaccommodatioror, on the other hand, it can be perceivedoasiption
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Although talking about mathematics through Mixedltelse English is quite widespread in
Malta, the mixed talk has developed informally other years unlike say, the Welsh ando¥i
(see Section 3.6) ones that were developed dedher&lence, | cannot say that there actually
exists a recognised register in the way that arigfnghathematics register exists. However, as
Roberts (1998) suggested, communities need to @edidut what ‘sounds’ right in developing
registers. My data suggests that the developmettheoMixed Maltese English mathematics
register begs discussion between mathematics edscand linguists alike since to date, the
mixed mathematics register has not been studiegaftof our language discussion, it might be
helpful to reflect on how mathematical verbs arédoused, since such verbs would seem to be
an essential part of any mathematical register.tdargpoint for discussion may be identifying
mathematical words and expressions for which nustation exists at present, and reflecting on

how the English versions are inserted into Maltggch or suggesting appropriate translations.

A Parliamentary Act passed in July 2004 and edtifldhe Maltese Language Act’ (Department
of Information, Malta, 2004) saw the setting upApril 2005 of a National Council for the
Maltese Language to further promote and develodahguage. One of the Council’s duties is

to:

“Establish the correct manner of writing words golttases which enter the
Maltese language from other tongues (...) developgivaie and enhance the
recognition and expression of the Maltese langage(ibid, p.A384)

Furthermore, the Council is to appoint Technicaim@uttees in sectors of specialisation as

follows:

“Each committee shall be a consultative organHerdiscussion of the linguistic
policy to be adopted in specialised sectors, swclspecific terminology (...)
(ibid, p.A387)
Such a committee for mathematics may be instrurhé@ntarganising discussions on the local

spoken register.

7.6 Conclusion

While some language issues discussed in this ahapeéerelated closely to the immersion
approach, other points are ‘general’ ones thatapijpebe more dependent on general pedagogic
approaches or teacher beliefs. | think that itripartant for us to tease out these differences in

our continuing discussion on language use for nmadities in Malta.
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| noted that the younger pupils were required te ginly short answers and therefore did not
find much difficulty in expressing themselves inglish. On the other hand, the Grade 6 pupils
were prompted to contribute more, but often theyewet very articulate and / or used gestures
in replacement of language. Hence, the immersignoagh needs to be reflected on in terms of

its impact on the use of an English mathematicistery

In this chapter | also reflected on variations he use of English mathematical words by the
teachers and pupils. Since some variations mayyirapistemological differences in terms of
how mathematics comes into being, and also aleeistbund’ of the established English register,
| suggest heightened awareness of such variali@so reflected briefly on the Mixed Maltese
English register used by the pupils during theringsvs. Even though | am generally in favour
of a Mixed code being used, | am also aware thathttings with it aspects that also need to be
discussed between linguistics and mathematics &ahscén particular, | suggested that perhaps

we need to give attention to how mathematical varbauised in Maltese.

On the other hand, one issue that may be a gemeeais the use of mathematical vocabulary.
Collectively, the Grade 3 and Grade 6 pupils usathematical vocabulary in a similar relation
to their teacher. This seems to imply that incrégseil talk may not be sufficient to ensure the
use of mathematical words, that is, to promotedhe=lopment of mathematical register. On the
other hand, some activities did encourage the dseexain topic-specific words, and this
prompts me to conclude that if particular words tarée used, then activities may need to be
designed in such a way as to encourage their U a$pect of register development appears to
be a pedagogic one, that is, it is related to ehés approach to teaching mathematics rather
than a consequence of the immersion approach.dfortre, increased effort may depend on a

teacher’s own belief in the importance of promotingthematical language.

As stated earlier in the study, | can consider lagg to be both a medium and a message. In the
following chapter, | offer a shift from a focus emedium to one on message, by linking the
frequency of word-use outlined in this chapter with apparent familiarity of the words. | will
then, in Chapters 9 -11, view language as a medsagensidering the meaning of the selected

mathematical words in the sense of their relatigh wther words, notation and diagrams.
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CHAPTER EIGHT

Shifting the Focus from Medium to Message: Refleatins on Familiarity and Frequency

8.1 Introduction

In the second part of my analysis, | will be coesig the sharing of meanings of mathematical
words. In this regard, it was important for méb&aware of which words were already familiar
to the pupils or not, since my interpretation of $uccess or otherwise of ‘sharing meaning’
could only be carried out in the light of whethee tvords were known beforehand or not. If they
were known, then the girls may very well have gie@nappropriate explanation even before the
lessons were held. This does not imply that | méit be considering topic-related words that had
already been familiar: indeed, the varying explamat that the girls gave for these words
problematise the simplistic blanketing notion ddrffiliarity’. As Clare (Grade 6) stated with
regard to the wordwidth, lengthandheight

We used them [in Grade 5], but they weren't thaftrails off). | didn’t know

them exactly like | know them this year. [G6Len@)Q3]
In this chapter, | discuss overall familiarity. $tirl will gauge the teachers’ and pupils’ opinion
about which words were ‘new’ and check if theirrophs matched. Second, | will reflect on
whether the words that were considered new bydheher or the pupils were used more than
others in an attempt to share their meaning. | @kguore the relationship between the frequency
of word use and the pupils’ ability to recall thends afterwards since | consider that recollection

is a first indication of shared meaning.

8.2 Familiarity of selected mathematical words

An integral part of learning mathematics is thecpss of coming to know the meaning of words
as part of the mathematics register. These wotds dienote concepts being taught intentionally
at school, rendering them non-spontaneous sciemtifncepts (Vygotsky, 1962). Wells (1999)
suggested that the construction of such conceptsres conscious awareness and deliberate
application. It seems necessary to me that a teélkensciously aware of which mathematical

words are ‘new’ to the pupils, since | suggest th@se words may need more ‘deliberate
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application’ than already-familiar words which miayfact serve a supporting role for the new

ones, as indicated in the model | presented in €hdp

| believe that ideally, there should be a closeespondence between what the class teacher and
the pupils perceive to be already familiar or ‘nevards. Thus, as part of my study, | attempted
to see how closely matched the pupils’ and teatlpisions were with respect to the topic-
specific words under consideratiofhe teachers’ opinion regarding various words wasggd
through interview data collected both before aterahe week’s work. Unfortunately, the words
metre measurementGrade 3)representanddata (Grade 6) were not commented upon by the
respective teachers. The pupils’ opinions were a®pl during the interviews: | asked them
which words were new to them this year, and whichsothey had already known previously.
Sometimes the opinions of the paired pupils vasied a common reason given by the pupils in

such a case was that they had been taught byediffezachers in the previous Grade.

As already indicated in Chapter 4, the notion ofiferity is not without its limitations. First,
for any individual, perhaps more so for young pagtl may be difficult to recall exactly when a
word became familiar. Furthermore, | acknowledgs #ince the interviews were carried out in
pairs, it is possible that children may have bedlmenced by their classmate’s answer, that is, a
pupil may have said that a word had been famikealise her classmate had just expressed this
opinion. Another point is that the Grade 3 topiculliplication and Division’ had already been
dealt with three months earlier, so that my quastsgarding whether the word was new to them
this year was a potentially problematic one: it Imigave been interpreted by some pupils as
‘new this year’ and by others as ‘new this weekhogher limitation is that when asking the
Grade 6 pupils about the ‘Graphs’ vocabulary, kpreged the list and asked the girls to indicate
which words were new. | assumed that since thevhst short, the girls would easily identify the
new words. | did not go through the list word byrdias | had done with the other topics and as
a conseguence, some words were not specificallyranted on by the girls. Therefore, for the
‘Graphs’ words, some of my conclusions are baseédna clearly stated opinion, but rather on

the fact that the words were not identified as new.

Despite the limitations attached to this exercisdiadeed, to the very notion itself of familiarity
| think that the pupils’ responses are useful beedbey indicate the general perception held by
the pupils. The opinions expressed by the teacdratpupils regarding what they believed to be

new words are summarised in Tables 8.1a & b. Thelsvare listed in order of how frequently
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they were used in the classroom by the teachexs $o retain the same order as that presented in
Tables 7.1a & b. The teachers’ opinions are cliassds ‘new [to the pupils], ‘previously known
[by pupils]’ or ‘fairly /maybe new’. | classifieche pupils’ opinions as ‘new’ and ‘previously
known’ if all the six pupils interviewed agreed on the pointa®ropinion varied’ if they gave
different opinions. (Words that were inadvertemiyt discussed are left out of the Tables and
indicated by (-)).

Grade 3
Teacher’s Opinion Pupils’ Opinion
New ‘Fairly’ or Previously New Opinion Previously
‘maybe’ known varied Known
new
Centimetre Centimetre
- - - Metre
To measure To measure
Longer Longer
Kilometre Kilometre
Length Length
Shorter Shorter
- - - Measurement
Width Width
Estimate Estimate
Height Height
Multiply by Multiply by
Division Division
Times Times
Tables Tables
Multiplication Multiplication
Divide by Divide by
Grouping Grouping
Sharing Sharing

Table 8.1a. Opinions regarding word familiarity §3e 3)
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Grade 6
Teacher’s Opinion Pupils’ Opinion
New ‘Fairly’ Previously New Opinion Previously
or ‘maybe’ | known varied Known
new
Centimetre Centimetre
Metre Metre
Millimetre Millimetre
Measure Measure
Length Length
Spans Spans
Longer Longer
Perimeter Perimeter
Width Width
Kilometre Kilometre
Height Height
Measurement Measurement
Breadth Breadth
Thickness Thickness
Shorter Shorter
Tall Tall
Thick Thick
Irregular Irregular
Regular Regular
Metric Metric
Graph Graph
x-1y-axis x-ly-axis
- - - Represents
Plot Plot
Scale * Scale
Pie chart Pie chart
Drop a Drop a
perpendicular perpendicular
Line graph Line graph
Block graph Block graph
- - Data
Bar graph Bar graph

*Familiarity based on the fact that she had meetibine word briefly during the topic ‘Length’

Table 8.1b. Opinions regarding word familiarity &G8e 6)

Examination of the data indicated that althoughnimist words there was a ‘match’, that is, both
teacher and pupils stated that the word was neaready familiar, there were some words for
which different opinions were given. So for examplile Rose thought thateasurewvould be
new, five out of the six children interviewed sthdt they had used it before; while Gina thought
thatx-/y-axisandplot would be new, two of the pupils said that they hadd the expressions in

the class they had been in the previous year. Mpédation of such cases is that some pupils in
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the class may have been more familiar with a wo@htassumed by the teacher. A more
potentially problematic situation may be when thepils areless familiar with a word than
assumed by the teacher. For example, while Rosggtthahat the pupils might already be
familiar with the wordlength the pupils all agreed that this was a new wordil&®/Gina
assumed that all the words for the topic ‘Lengtbwd be already familiar, the pupils stated that
metric was new, while there were varying pupil opiniows the wordsspans regular and

irregular.

| would consider a close correspondence betwearhdéeand pupil opinions to be a positive
thing. This would provide a good starting point flee tackling of a new topic in terms of which
words (and hence ideas) need particular attentidnadoich words can be assumed familiar (and
thus lend support to the meaning of others). Admiyt, school is not the only place that pupils
might learn new words and their meanings: for edanfprade 3 pupil Kim said that her mother
was a seamstress and she had learnt themetrgéfrom home before learning it at school, while
Charlotte reported that she had learnt the woedsurgrom her older sister. However, as their

classmate Petra pointed out:

It's mostly when you go to school that you start tolearn these words
[G3Length(B)Q5]
As part of the local language discussion, we maghwo reflect on how teachers of various
Grades may work towards a coordinated progressfomocabulary. The new mathematics
scheme recently introduced in local schools maledeful in this regard, since it gives attention

to ‘key vocabulary’ as part of the development aftnematical ideas.

8.3 Relating familiarity with frequency, frequencywith recollection

If a topic-related word is assumed to be new bgaaher, then | might expect it to be given more
importance during the week and possibly used mormni attempt to share its meaning. | was
interested in checking if this was indeed the dasehe lessons | observed, that is, Grade 3
‘Length’ (4.2 hours) and ‘Multiplication and Divian’ (5.2 hours); Grade 6 ‘Length’ (12.9

hours) and ‘Graphs’ (11.6 hours). | revisited Tablela & b where | had presented the
frequency of word use, and compared them with BaBl@a & b. Hence | found the number of
times the new words were used by the teacher ask thre shown in Table 8.2. | have also
included the number of times the pupils used thesmaareminder of their relative use

(teacher/pupils). Since some words were thought Ingthe teacher, and some thought new by
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the pupils, | have indicated these opinions by guglififerent columns for the teacher / pupils.
Some words were thought new by both the teachett@gupils and these words are printed
across the two columns (for simplicity’s sake, lyaronsidered the words that the teacher and/or

all the pupils viewed as new):

Grade 3 Grade 6
Thought new by: Frequency Thought new by: Frequency
Teacher | All pupils Teacher | Pupils Teacher | All pupils | Teacher | Pupils
Multiply by 185 23 xly-axis 165 47
measure | 99 0 represent* 100 26
kilometre 53 1 Plot 37 2
divide by 42 3 drop a perpendicular 16 0
Length 38 1 metric 4 0
measurement? 19 1
Width 9 0
Estimate 7 0
Height 6 0

*Teacher did not give opinion for this word

Table 8.2 Frequency of userords considered new by teacher and/or all thpiip

As can be seen from the Table above, some of tihdswbat were recognised as new by both the
teacher and/or pupils were not used very frequentlythe classrooms | observed, word
frequency depended on the nature of the activitieesed out and | noted that these activities did
not necessarily encourage the use ofrtbe words. As already argued in Section 7.3, a pre-
requisite for the use and promotion of mathematiaalds is the teacher’s belief in the value of

doing this.

It is interesting to note that the words that wesed the least were not recalled by the pupils
afterwards. (I acknowledge that there may be @wdiffce in Grade 3 and Grade 6 pupils’ ability
to recall due to their ages, but it is beyond tt@ps of this study to explore such a possibility).
On the other hand, the Grade 3 pupils stated catedjp that they had not heard the words
width, height, estimate; only two recalled the wortheasuremerdnd they were not confident
about its meaning. In Grade 6, only Clare recalhedwordmetric — although not its meaning —

while only two pupils recalled the expressnop a perpendicular.

On the other hand, | noted that words that werel usere frequently in class were, in fact,

recalled by the pupils. This seems to imply thaé teacher deems a new word to be important,
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then it may be a good thing to use it more oftemw, ideally, as argued in Chapter 3, encourage
the pupils to use it themselves. | say ‘deem itartgnt’ since from Rose’s comments it
transpired that ‘new’ did not necessarily imply portant. | commented to Rose that the
children | interviewed did not recollect some kegthematical words that had been used during

the week. To this she reacted:

“It doesn’t concern [worry] me (...) They will be reating this topic in Grade 4,
5, and they will do it more elaborate[ly]” [Roselgtn(2)Q4]
It is interesting to note that although Rose waswurried about the pupils not recalling some

words, she was in fasurprised Of particular interest to me is her comment:

“Mind you, after a week's lessons, | expect themriderstand what | said and

what we did.” [RoseLength(2)Q4)]
In the context of our conversation, | believe thagt ‘understand’ Rose meant ‘recall and
understand’. Rose did not seem to be aware of hitbedhe had actually used the words as can
be seen in Table 8.3 below.

Word Lessons for the Topic ‘Length’
Lesson 1 Lesson 2 Lesson 3 Lesson 4 Lesson|(5
Measurement 4 3 9 0 2
Width 4 2 3 0 0
Estimate 2 0 5 0 0
Height 2 2 2 0 0

Table 8.3. Distribution of the least-used Lengtatesl words by the Grade 3 teacher

Admittedly, in practice it is not possible for téacs to be conscious of the number of times they
use each mathematical word, but | believe thahareased awareness in this regard may result
in their using the words more frequently and thifiermg more opportunities for its meaning to

be shared with the pupils.

8.4 Conclusion: medium to message

Hewitt (2001) stated that students need assistaiticanemorising words. It appeared to me that
the teachers’ frequent use of the words had soraengeon the pupils’ ability to recall a word,

and it was for these recalled words only that pupduld offer explanations of meaning. The
apparent link between frequency (generally by #aelier) and recollection (by the pupils) can

be viewed as a shift from the overt medium or daeiam to the message or meaning held by
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the pupils, that is, the individual realm. | comsidecollection of a word to be a first layer of
meaning (Roberts, 1998), so that frequency of pgpeared to be one condition necessary for

sharing meaning. This observation, therefore, Isemiraddress my third research question:

What conditions appear to be helpful for a teactweishare’ the meaning of (a

selection of) mathematical words with the pupils?
Of course, memorising or recalling words is noead in itself, but a means to support working
on mathematical understanding (Hewitt, 2001). i fllowing chapters, | turn my attention to
meanings expressed by pupils and consider theheitight of classroom interaction. | focus on
what appeared to render meaning ‘clear’, while iemg open to any other helpful features of
word use that might come to light. | have previgusiggested that words can serve as indicators
or references, they can name actions, or denopegies and concepts. For each topic, namely,
Multiplication and Division (Grade 3), Graphs (Gea6) and Length (both Grades), | will

consider words in these categories.

One thing that became apparent to me in the cairsg reflections was that my study did not
in fact allow me to draw conclusions regarding teatvextent the pupils’ understanding was
inhibited by the use of English. Although there avarstances where | could reflect on the use of
either Maltese or English, | felt that the pupiengrally appeared to ‘follow’ the lessons and |
could not identify points where the use of Enghsas evidently detrimental. | found that any
differences between meanings expressed by theetesctne classroom and by the pupils during
the interviews, could be explained by factors thant beyond the use of English. | found that |
could base my interpretations on the general tegcpproach used, that is, the way the teachers
explained ideas. Although | cannot exclude the fhat the teachers’ approach and/or use of
language was itself influenced by their ‘obligatonse of English, | think many of the

discussions | present in the following chapters tmagpplicable to ‘any’ classroom.

135



CHAPTER 9

Multiplication and Division

9.1 Introduction

The first topic | consider is Multiplication and \Bsion as taught in the Grade 3 class. The

week’s lessons | observed were not the pupils éneounter with the topic. Rose reported:

“They learn multiplication and division in Year But the emphasis is on the

TABLES (...) To study them, to know them by heartbgeM&D(2)Q9]
In the first term of Grade 3, the girls had ‘redsthe tables previously learnt, and also listesl th
tables of 6, 7 8 and 9 in their copybooks. During kessons | observed, the pupils responded
with ease to Rose's requests for an answer tojtlsese times five'. Indeed, the girls admitted to
me that the tables were very familiar to them. Resglained that her intention was now to
provide opportunities for the tables to be apptiedvhat she called ‘situations’. Two examples
of such situations were: finding the total numbieegs for a given sets of three-legged monsters
(multiplication) and establishing how many 5p coime needed to buy stamps of 15p, 25p, 45p
etc. (division). The tables utilised during the weeere of 2, 3, 5 and 10.

In the first term, the pupils had also listed ieittcopybooks what appeared to be ‘key’ words

and symbols as shown below:

Multiplication Division

To multiply is a vepeated addition To divide s a vepeated subtraction
2+2+2+2=¢ 2X4=g divide

thmes divided by

quLtLpLg division

multiplication share

X grouping

Figure 9.1. Facing pages in pupils’ copybaoks
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Rose used these notes as a starting point for ¢le&’svlessons. She asked the pupils to look at

the left-hand side page, and referred to the wiestisl there as:

“Words and signs that tell us we are multiplyinG3M&D1minuteQ]

Indeed, listing the words under a common headingests an association between the words,
although the semantic relationship between themotsspecified. During the interviews, this

association was expressed by the pupils as follows:

Melissa: We wrote thenm to remember how manywordswe’ve got in the
multiply. [G3M&D(B)Q7]

Sandra: The division is em ... itis ... em, divide by ... share, grouping and
many things. [M3M&D(A)Q7]

Maria: [The words] they are the same thing. [G3M&RD7]

The words listed are, of course, closely relatedltiplicationinvolvesmultiplying which can be
expressed as a numi@nesanother number. Similarlgivision involvesdividing, and can be
expressed as a numbdivided by another number (although in the case of the Giade
classroom, the expressialivision bytended to be used insteaddivided byas discussed in
Section 7.4). In this chapter | look in more detithe apparent meanings the pupils had for the
respective words. | relate the meanings expredgedg the interviews to the process of sharing
of meaning in the classroom in an attempt to identihat helped or hindered ‘clarity’ of
meaning. | identified words that served as refezenanplied actions and denoted concepts. |
start my discussion by examining the sharing ofmiregpof words that served as references, then
move on to discussing the procedures (actions)ulfiptying and dividing. As part of the latter
discussion, | also reflect on three points: the imaxnultiplying makes bigger and dividing
makes smaller’ that was often stated in the classrdahe property of commutativity, and the
idea of division as the inverse of multiplicatidfinally, | turn my attention to the sharing of
meaning of concepts for multiplication and divisiand reflect on why division is sometimes

considered to be a ‘hard’ operation to teach aahle

9.2 Words as references

According to Vygotsky (1981c), a word serves a priyrfunction when it acts as an indicator. |

applied this idea to the wordisnes multiply by division by multiplication anddivision when
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theywere used as names for notation. Their refererdialis indicated in Figure 9.2, wheren,

x andy denoteparticular numbers used within the lessons:

X —> Times
multiply by

«—» Division by

m X n <+——» | Multiplication

X + vy —>> Division

Fig9.2. Words as names for notation

So for example, the notation>8 4 was read as “three times four”, where the wonésreferred

to the symbolX. The expressiomultiply by came to serve as an alternative fiimes since
Rose encouraged the pupils to use it instedinafs In fact, Rose explained that this was one of
her objectives for this topic:

Rose: Instead of saying ‘times’ (...) | want thens&y ‘multiply’. [M&D(2) Q9].
Similarly, the expressiodivision bywas used as a name for the symbol + as in e afasay,

12 + 3 (“twelve division by three”). For example:

T: We have thirty division by fivewfites 30+ 5 on the whiteboard as she
speaks [G3M&DLesson2minute35]

Examples of Rose’s use of the wordgltiplication anddivisionas references to notation are:

T: (The teacher has written 8 2 = 4 on the whiteboa)d Now he [author of
textbook] wants us to draw fish to show that dassjMD4minutel13]

T: (The pupils are looking at their homework exercisd are about to correct

the worked out examples of the typg:x 3 = 15and[_] + 3 = letc) Yesterday
we did some multiplications and divisions [MD5mied}
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During the lessons and the interviews, the pupiticated that they could use the words in a

similar way to their teacher:

Sandra: Times means the sign (...) it's like a c{osakes an X sign with both
pointer finger$. [G3M&D(A)Q1]

Kelly: Multiplication is times (...)And you can do, for example three multiply
by three (...) [G3M&D(C)Q1]

(I have just shown a card on which is written-13 to Melissa and Kelly and
asked them to read it
Melissa: Twelve division by three. [G3M&D(B)Q9]

All pupils agreed that the wotdneshad already been familiar to them from the previGuade,
while they all agreed thanultiply by was a new expression. Opinions regardiigde by,
division, and multiplication were varied. Whatever the degree of previous fartiy, |
concluded that this particular use of the words been shared with the pupils. | attribute this
success to two features of their use. First, agqusly discussed in Chapter 8, the expressions
were needed for the tasks at hand, they tendeel tigdxd frequently (although generally, more by
the teacher than the pupils). Second, the worde w&sd in close conjunction with the object to
which they referred. That is, as suggested by Weits985), the index and the object to which it
referred were temporally and spatially co-present.

However, as stated by Goudge (1965, cited in Wert885), indexing alone does not say much
about the perceived object. As the words ‘name’ b&ation, they also serve to express a
particular relationship between the numbers thdifferent to, say, “four add three” or “twelve
subtract three”. In order to gain more insight itite meaning of the words, | need to look further
into their use. The development of the topic oherweek addressed the relationships at both a
procedural and conceptual level. | believe thatgrexedural element was shared successfully

with the pupils and in the next section | will Blwate how this was achieved.

9.3 Mathematics as doingmultiplying and dividing

During the week, Rose frequently asked the questidmt are we going to do?’, thus
emphasizing what Halliday (1976) referred to agagbrocesses, where mathematics is seen as

‘doing’ something. For example:
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(The class is working out a textbook exercise whiggepupils have to find
how much money was earned during a skittles garaeh Bkittle dropped
earns the player 1Qp

Teacher: What are we going to do to find how mamysix skittles?
Jessica?

Jessica: Six times ten.

[G2M&D1minute43]

In such situations, the pupils would suggest tiheveat operation of the typeri‘timesn”, then

go on to recite the relevant multiplication tablables were recited in one of two forms, so that
for “three times five” the girls might offer eith&five, ten, fifteen” or “one five is five, two fies

are ten, three fives are fifteen”. These altereatiwere usually accompanied by opening up
fingers one at a time, or touching the fingersrad band with the fingers of other hand, a gesture
that Anghileri (2000) suggested is a useful caloudpaid. For example for ‘three fives are
fifteen” a pupil would open out the thumb and tarmérs or touch the left hand thumb and two
fingers with her right hand fingers. The practicaswencouraged by Rose who often used it
herself.

A similar approach was used to work out divisiontHis case, the expression that prompted the
tables was, say, ‘twelve division by three’. A dupould then recite the multiples of three until
she reached twelve: “one three is three, two thagesix, three threes are nine, four threes are
twelve”. The answer was recognised by the ‘foupressed along with the ‘twelve’ or from the
number of fingers opened up. It was interestingdi® that the gesture appeared to be an integral
part of the recitation and seemed to be used toretise the mathematical idea (Goldin-Meadow
et al 1999). In fact, Rose told the girls:

“Use your fingers. The answer is on your figj¢G3M&D2minute35]

Depending on whether the operation at hand waspficéition or division, the working out of
the operation through the tables was referred tonakiplying or dividing respectively. For

example:

(The class is working out a textbook exercise tagetHile the teacher writes

the notation on the whiteboard. The answer to 6 hd been found by

reciting the tables ‘one three is three, two thraessix’).

Teacher: Touches the written notation 6 + 3 3.2ver here we are
dividing.

[MD4minute45]
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As evidence of shared meaning for the words, Itbaely on the classroom data. The interview

data was a bit limited since only Sandra and Mase&d the words as verbs:

Sandra: ‘Multiply by’ means that you multiply byrée, or four or ten. You could
multiply by eleven (...) [G3M&D(A) Q1].
As mentioned in Chapter 7, the pupils sometimeslasrd verbs as nouns, resulting in, for

example, Melissa’s explanation below:

Melissa: The ‘divide by’ is [when] the number becomes more small.
[G3M&D(B)Q1].

However, the girls did use the wordaultiplying anddividing in the classroom. As the class
worked out textbook exercises, Rose would ask ‘Whaat | do here?’ to which a pupil might
answer ‘We divide’; in response to ‘What am | doimgre?’ a child might answer ‘We are

multiplying' and these suggestions were then faidwn quickly by the recitation of the tables.

Therefore, although both the pupils and Rose agiesanultiply anddivide were new words, |
concluded that meanings fanultiplying and dividing as procedures were successfully shared
with the pupils. As was the case for referenceswtbrds were used frequently. Furthermore, the
words were used in close association with the iootahat prompted the required action. | have
argued previously that a meaning for a word thabthss an action involves an awareness of the
function of the action. It appeared that the function & #ttions ‘to multiply’ and ‘to divide’
was clear to the pupils: carrying out the tablescedure in order to find a solution to
multiplication or division notation. In a senseg firocedure was the same one (reciting the table)
except that the solution was recognised as theesppldmber that was ‘missing’ in the notation
e.g. “four threes are TWELVE” for ¥ 4, or “FOUR threes are twelve” for 12 + 3. A meai

for the wordmultiply as a procedure can be illustrated as in Figure 9.3
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Reference Conte Sigr

\ Meaning /

Multiply as
recitation of the
table ofn up to

m X n

Figure 9.3. A meaning fanultiply

In relation to multiplying and dividing, Rose taeHl three ideas, namely, the maxim that
‘multiplication makes bigger / division makes sraéll the property of commutativity; and the
inverse relationship between multiplication andsdon. | will reflect on these in turn, since they

contributed to meanings for the worrdsiltiply anddivide

9.3.1 Making ‘bigger’ or ‘smaller’

On several occasions throughout the week, Roseftelgupils - and encouraged them to state —
that ‘multiplication makes bigger and division malgmaller’. The maxim was sometimes stated

in a general sense:

Rose: We are multiplying. We are making somethi’lRGER, BIGGER.
[G3M&D1minute9]

On other occasions, Rose indicated an increaseghrine wordnore
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(The class is working out an exercise orally. Tha af the activity is to find
the prize money for skittles knocked down, @ 1€kitde).
Teacher: For one skittle you are going to get ...?

Pupils: Ten pence.
Teacher: For six skittles, are you going to get NEJR less?
Pupils: More!

[G3M&D1minute43]

Similarly, in division situations, Rose would as& the answer more or LESS?’ to which the
pupils answered ‘less’. The statements ‘makes biggmaller’ were used frequently and in close
conjunction with the procedures to which they edat concluded that the maxims as such were
shared successfully with the pupils, since the Ipugdso repeated them confidently during the
interviews. However, when pressed for an explanatlmout what the answer was bigtiean or
smallerthan the pupils could not give an appropriate respofee example, | pressed Ramona
and Kelly for a more specific explanation regardiigsion:

Ramona: You'll have eleven,and you dodivide b- b- divide by three
equals ..and theanswercomessmaller.

I: Smallerthan the elevenor the three?

Ramona:  I(ooks unsure. Looks across to Kglly

Kelly: Than the three.
Ramona: Than the three.
[G3M&D(C)Q6]

The interview evidence suggested that the pupitsriw reflected on what becomes bigger or
smaller than what, and certainly this point was aib¢nded to during the lessons. Thus, the
meaning that the pupils appeared to express wésdino repeating the statements. This may be
explained by the fact that Rose’s classroom stat&sneere incomplete, sindgigger and
smaller are comparative adjectives and are best followedhb wordthan. Similarly, more
[thar] andless[thar] are generally used for comparison of quantitieslass, what the answer
was bigger or smalléehanwas not clearly indicated. Hence, | believe thiadevthe maxim itself
had been shared thanks to frequent use, its atie@hing was not clear. This, therefore, was a
case of divergence between frequency and claritiienclassroom, which was then reflected in

the pupils’ responses.

While the maxims obviously do not hold when the tipliér or divisor is a fraction, nor when a
multiplier is a negative number, | suggest thainefee examples involving numbers greater than
1 (the type of situations met with at this young)aghe maxim needs some reflection: while a

product is in fact greater than both its factdns, situation for division is not so straightforward
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In order to illustrate this point, | present theseiations in Table 9.1. , and for each case @ifer

reflection.
Structure Reflection on an Example
Multiplication e.g. One monster has 3 legs. How many legs

Product greater than both of the factors.

do 4 monsters ha®e

4 monsters together have MORE legs t
one monster. So the solution to the ques
is 12 legs which is MORE THAN th

nan
ion

aY

original 3 legs. The answer is also more than

the number of monsters (4).

Division as a sharing activity e.g. 12 stickers are shared out among 3
friends. How many stickers does each friend

This is the partitioning structure of gef?

division (van de Walle, 2004) or more

informally, sharing. The number of 1 friend has LESS stickers than the origipal

groups to be formed is known, but 12. The solution to the question is 4 stickers,

number of items per group is not. In which is LESS THAN the original 12

sharing situations, divisor is always a stickers. The solution gives the number| of

whole number (e.g. children, boxes), and stickers, so the relationship LESS THAN

quotient is always smaller than the
dividend (Frobisheet al 1999), but not
necessarily smaller than the divisor.

Division as the formation of equal
groups.

This is the measurement structure of
division (Van de Walle, 2004) or more
informally ‘grouping’. The number of

items in a group is known, but the
number of groups is not. The quotient is
smaller than the dividend, but not
necessarily less than the divisor. The
guantities being compared are not of the
same item.

compares quantities of tisameitem. In this
case the quotient isot numerically smaller

than the number of friends (although in other

situations it may be).

E.g. Ms Borg has 20 buns. She packs them

into bags of 4. How many bags does
neec

The solution 5 is LESS THAN 20. Howeve
the solution gives the number of bags
buns, so the relationship LESS THA
compares quantities dfifferent items. In
this case the quotient isot numerically
smaller than the divisor (although in oth
situations it may be).

she

not
N

Table 9.1. ‘Multiplication makes bigger’ / ‘Divisiomakes smaller’

The examples presented highlight the difficulty dlved in quoting the maxims without
qualifying exactly what is more or less than wipattticularly in the case of division. | suggest
that clarity may be established through the coation of the comparative statement

smaller/biggerthan with clear reference to the two numbers and/geatb being compared. |
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also conjecture that focusing on the elementsetituations would also help pupils differentiate

between sharing and grouping, a point that | vallelop further in Section 9.5.

9.3.2 The property of commutativity

One aspect of understanding multiplication conceh®s property of commutativity, which
according to Anghileri (2000) is an abstract pqheithat can offer flexibility of strategies for
working out problems. Schliemaret al (1998) suggested that since this property may not
develop easily outside school, instruction playsngportant role in encouraging its appreciation.
However, they also stated that images of repe&tisdase not helpful for the development of the
idea. For example, four monsters with three legh ese not ‘the same’ as three monsters with
four legs each, even though the total number o igghe same. Suitable contexts to support the
idea of commutativity are arrays (Anghileri, 200@)the class | observed, stamps and pegboard

arrays were used and an example is shown in Fiydre

Figure 9.4. Textbook depiction of an array

Although the property of commutativity was not ‘nedfy the third lesson was dedicated almost
entirely to working with arrays. Rose guided thupifs to consider first what she referred to as
‘stamps on the vertical line’ (i.e. three in thevad diagram) followed by the number of ‘stamps
on the horizontal line’ (i.e. five), then to muliighe numbers instead of counting them. Early on
in the exercise, Melissa offered the numbers in dpposite order (first ‘horizontal’, then

‘vertical’) and it was at this point that Rose bgbtiout the idea of commutativity:
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Teacher: Four times five, or Melissa said five tinfeur. Do you think
I’'m going to have the same answer?

Pupils: Yes!

Teacher: Four fives are ...?

Pupils: Twenty.

Teacher: And five fours are ...?

Pupils: Twenty!

Twenty: Twenty. So over here there is another thifigat when we

multiply four by five (vrites 4 X' 5 on the board as shoyrand
five by four (vrites 5 X 4 underneathwe are going to have
always the same answer.

4 X5
5 X 4

The numbers, they just change positidmooks at Petra who
has put her hand ypYes?

Petra: Miss, em, of the four times five and fivads four ...if you
watch them, four equals like thamh@kes diagonal gesture in the
air towards the rightand five equals like thatli@gonal gesture
towards the lejt

Teacher: Yes because we have five which is the same and fbichns
the same. We have the same numb@as. the board she joins
the numbers with lines as shawn

X5

A

X 4

0

[G3M&D3minute8]

The following page in the textbook offered pegba@ulesentations:

(The class is looking at the example of a pegbotiraisshows an array of 2
by 3,and the notatio2 X 3 and 3 X 2. The teacher has just read the
notation 2Xx 3).

Teacher: We can do it the other way round. We can.@

Pupil: Three times two.

Teacher: Three times two, and we get the same angwe It's
important to remember that two times three andettiraes two
are the same.

[G3M&D3minute22]
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The point was addressed again a few times as #ss alent through the exercises orally,
although for the written exercise, Rose suggested the girls need only write down one

interpretation.

Clarity in conveying the idea (although not a martr word as such) seemed to be assured since
the notation was manipulated on the board, althougiso felt that the pupils seemed to
recognise immediately, from the tables that thesvkifiuently, thata X b =c andb X a =c.
Interestingly, | believe that something else thahtdbuted to the sharing of the idea of
commutativity was Rose’s inconsistent use of notatvhereby she changed the order of the
numbers. While she tended to usex n for m sets ofn objects (the convention used by the
textbook) she also sometimes used minstead (including, for example, as part of thetas’
shown in Figure 9.1). Although this is not whatrigant by commutativity, the different use of

notation may have suggested that re-ordering ofyeusnis acceptable for multiplication.

During the interviews, all six pupils explained ttlea confidently in terms of the notation:

(I show the two girls a card witl6 X 5’ written on it, which they read as
“six times five” and suggest it means “multiply”tthen take out another card
with 5 X 6 written on it)

I: What can you tell me about this?

Lara: We can turn it around.
Melissa: But it's still the sameanswer.
[G3M&D(B)Q8]

| also presented Sandra and Maria with an arragdi@ngular grid) and they explained that the

answer could be found in two different ways: thieees five, or five times three.

Unlike multiplication, division is not commutativeut this point was not addressed during the
week. Rather, the pupils were guided by the teaahdr/ or the textbook with regard to which

number to offer first for a division operation. féo example, in an exercise showing stamps with
values printed on them (e.g. 30p), the authorgedfan example, 30p + 5p = 6, which the pupils
then modelled. When left free to offer their owggestions as to which number featured first in

a division notation, the girls often gave the wrander, for example:
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(The class is working out a story sum wherein aibgyacking 5 cans into
boxes. He has 20 cans to pack. They have alreddblished that 4 boxes
are needed, since a pupil had counted in 5s utd’Be teacher has guided
them to write what she calls a ‘statement’ as fe#to

5cans = 1 box
20 cans = ¢

She would now like the pupils to suggest a ‘diwisio line with what they
had written (45+ 5) for a previous story sum.
Teacher: What do | write heretogches the board beneath the

‘statement’)

Rita: Five division by twenty.

Teacher: You can't divide five by twenty! Can yaurt it the other way
round?

Rita: Twenty division by five.

Teacher:  \rites 20+ 5 on the board
[G3M&D2minute67]

Of course, fivecan be divided by twenty, although such an operatsoonat usually presented to
young children. Data from the interviews indicatiedt the pupils applied the commutativity idea
to division: during the interview with Melissa ahdra, | presented the girls with two cards with
the following written on them: ‘12 + 3’ and ‘3 + 12Apparently echoing their teacher’s
comments for multiplication, the girls suggestedttthe notations were ‘the same’, just ‘the
other way round’. Furthermore, during my discussigih Ramona | started by showing her the

card ‘12 + 3’ for which she said:

Ramona:You do twelve division by threeyou find the number [answer]You

can do three division by twelve.The number [answer]is the same

[G3M&D(C)Q9]
| noted further inappropriate suggestions of nusldren Sandra and Ramona offered examples
for division that could not easily be worked ougnsidering the pupils’ age and level of
mathematical knowledge. For example, Ramona offexedhples such as ‘three division by six’,
‘five division by ten’ and ‘five division by threeihile Sandra offered ‘six division by four'.
Thus, although Ramona and Sandra defined dividmough examples, the examples they
offered were not appropriate (considering theiuassd level of knowledge). The other pupils
did not offer examples and only Maria offered exbapghat could be worked out using the

tables, for example: ‘six division by three’ andrée division by three’.
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| concluded that during the lessons, Rose had duiue pupils in establishing the order of the
numbers, however, the opportunities for the pupileeflect on the significance of the numbers
involved in the operations were limited. This wasrendetrimental in the case of division than
multiplication since the former is not commutatia®d therefore the numbers’ position in the
notation is more significant. It seems that clafily the idea of commutativity may need to

include focusing explicitly on the notation in rite to situations and objects at hand (cans,
etc.). In the absence of such reflection, the pugpplied phrases like ‘the other way round’

inappropriately to division.

9.3.3 Multiplication and division as inverse operabns

Another aspect of ‘knowing’ multiplication and dien is the awareness of their inverse
relationship. This relationship was addressed bseRtring two of the four division activities.

For example:

(The teacher has copied the textbook diagram obdaed as shown):

RRRR
RRRR

The notation 8 +2 =4 and & 4 = 8 is shown on the book. Rose writes 8
on the board. She suggests that they work withtahke of 2. One of the
pupils recites the table and the answer is esthblisas %

Teacher: And if we turn it the other way round, Iguing to have
the same answer again. Now | have four multiplytvoy
give me eight \rites4 X 2 = 8 on the board)If | take
eight fish and divide them into two groupgsuches the
two groups of fish drawn on bogrd have four fish in
each group. If | take the fouto(uches one group of fish on
the board and multiply by two, I'm going to get an eight
again.

[G3M&D4minutel7]

| noted once again Rose’s use of the expressienotiier way round’ which she had used for re-
ordering of numbers within multiplication. | thirtkat this was an interesting example of how

informal language, although serving an immediat@@se, may not be mathematically specific.

The inverse relationship was revisited for all géxamples, and two operations for each written

on the board and copybooks. The idea was mentiagath during the following exercise that
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involved computer ‘blasts’ worth 3 points each.tie first part of the exercise, diagrams of
blasts on a screen were shown and the pupils wgected to find the total number of points
won, while the second part of the exercise involreded multiplications and divisions using 3

as a multiplier or divisor. The two depictions al®wn in Figure 9.5:

Figure 9.5 a & b Textbook depiction of computersida

The classroom data indicated that the girls begaalk about the situations in the way desired

by the teacher. For example:

(The open sentence at hand i$ X 3 = 18.Jessica has recited the table of
three till she got to 18 and offered ‘6’ as theusiain).

Teacher: Very good. Can you think of another wageiting that
answer? Six.

Jessica: Eighteen division by three.

(...)

(The open sentence at handl ik+ 3 = 4).

Teacher: A number division by 3 gives me 4 that b@mCheryl?

Cheryl: Twelve.

Teacher: Twelve. How did you get the number 12?

Jessica: Three, six, nine, twelve. Twelve.

Teacher: Twelve. Can you find another way to get\re?

Cheryl: Four multiply by 3.

[G3M&D4minute53 & 56]

The girls appeared to be successful in suggestm@qverse, although | am not sure whether this
was because of the guided approach; as class-Rode set the same examples the class had
worked out together on the boatdhfortunately, | do not have interview data in tregard and
therefore cannot say how successful or otherwisgtipils would have been in expressing the

inverse relationship on their own

Up to now | have considered aspects of the togit dhe related to the naming of notation and
working out of the procedures for finding solutidies multiplication and division operations.

Generally speaking, Rose was successful in shdresg layers of meaning (Roberts, 1998) with
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the pupils. Now | would like to go beyond procedute concepts. In the sections that follow, |

start by reflecting on how a concept for multiplioa as repeated addition was successfully
shared with the Grade 3 pupils. | then go on tdresnthis with the less successful exposition of
a concept for division. Finally, | present a theioed discussion about various representations

through which the two concepts might be presented.

9.4 A concept for multiplication

The wordmultiplication was considered new this year by some of the papils‘fairly new’ by

the teacher. However, since the topic had actumin touched on three months earlier, the
topic-related words may not actually have been f@vwhe week. An association between the
words multiply, multiplication andtimeswas suggested through the fact that the words were
listed in the pupils’ copybooks under one headigrthermore, the words were all used in
relation to the same notation X n and linked to the idea of repeated addition. Dutine
interviews, | had evidence that all the pupils dagive an appropriate explanation for the words,

linking them with each other and/or the notatiod eepeated addition. For example:

Sandrain multiplication,you don’t keep doingsix plus six, plus sixopens one
finger at a timg. You just multi-, you just multi- ... three tim- .multiply by six
and you get the answer

[G3M&D(A) Q2+Q5].

Lara: To do multiply, you don’t keep doingplusall the time. You do multiply
straight away.

Melissa:lt depends on how many you've got.

[G3M&D(B) Q5]

Kelly: (Opens her book on the ‘monsters’ pagehese are monsters. Now here is
two monsters. And they have three legs [each]. Mowto find (sic) ... to times
... because there are two monsters, and then you toeitegs (...) and when
you count the legs you write them hetreuches the page where there is written
in pencil 2x 3 =6) and ... and ... then you write the answer.

[G3M&D(C)Q2]

| suggest that the links presented in the lessaere wlear, and through three excerpts | will
identify how this clarity was achieved. In my dission, | assume that the children were familiar
with all the following: everyday words such a® fingers for example, legand so on; the
mathematical wordglus and addition, how manynd the symbol + . | also assume that they
would recognise that the expressioepeating the numbeandrepeated additiortan both refer

to the notatiom+n+n+ ....
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In the first excerpt, Rose related objects to rplidation notation and used the wordiltiply in

conjunction with the situation:

(The teacher has asked six girls to stand at tbatfof the class and to hold

one hand up eagh

Teacher: I have five fingers, which is five, fiviye, five, five, five
(touches one hand at a tijné\nd they are all the same. | have
six girls. So | take just five and | multiply it yx. (...)

Pupils: Thirty!
Teacher: \Writes 56 = 30)
[MD1minutel3]

A semiotic representation is shown in Figure 9.®jcWw also includes the associated word

multiply:

(Associated word)

multiply

Reference context

Sign
‘
\ Meaning /

Multiply as
finding total of
repeated sets of
objects

Six sets of fingers
(gesture draws
attention)

five, five .../
same

Figure 9.6 Relating groups of objects to notation

The reference context consisted of the pupils’disgo which attention was drawn by touching.
The teacher encouraged a quantative interprethtidocusing on the number of fingers (‘five,
five ...") rather than talking about say, how smalictean the girls’ hands were. By stating that

the hands ‘are the same’, Rose encouraged the@fidsus on the sameness of the object, rather
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than, say, the fact that each hand belonged tteaaht girl. Thus the hands became a reference
context for multiplication by virtue of the languagsed in conjunction with them that helped to
focus attention on the elements of the situatioat tivere necessary for a multiplicative
interpretation. These elements were representedighrthe notation 5< 6 (here Rose once
again departed from the textbook convention by whihis situation would have been
represented as 8 5). The wordmultiply was used in conjunction with the notation, so that

apparent meaning for the word was one of findirgttial number, given similar sets.

In the next illustration, Rose referred to notatientten in the pupils’ copybook and on the
whiteboard, linking notation for repeated additiaounting with the notation for multiplication.
Rose drew attention to the repetition of the numdned, together with a pupil, offered the
multiplication notation as an alternative by waytbé words ‘instead of’. The topic-related

words used in conjunction with this situation wameltiply andmultiplicatiort

(The teacher is introducing the topic and has asiesl girls to open their

copybook on the pages dated three months earlleremhey had listed words

and symbols associated with multiplication and sion. One of the entries is

2+2+2+2).

Teacher: We said that when we multiply we are a&pg the number.
For example, if | have two, two and two, insteadcofinting
two plus two plus two, I can ...?

Pupil: Multiply.

Teacher: MULTIPLY

(...)

Teacher: There is 2+2+2 written on the boarxd| cannot do a

multiplication if the numbers are not all the sarfie.)
(Addressing NadigCan you come and show us the sign of the
multiplication? (...) éhortly afterwards, Rose writes>3 2 on
the board.

[MD1minuteQ]
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Diagrammatically:

(Associated words)

Multiply /
Multiplication

Reference conte

Sign

2+2+2
same, instead of
counting

Multiply /
multiplication as
an alternative for
repeated addition
idea and notation

Figure 9.7 Relating addition and multiplication atan

In the third excerpt, Rose drew attention to regeaildition notation by circling it while saying
‘group all this’. Once again, she offered the nplitation notation as an alternative for the

addition notation through the expression ‘instetxd o

(Theclass is focusing on a textbook example showingrfmnsters with three

legs each. The teacher has written 3 + 3 + 3 + 3lmwhiteboaryl

Teacher: We can multiply instead of having additimstead of adding
three plus three, plus three, plus three, whatlcda? | can
group all this draws a large oval around the repeated addition
notatior). Each monster has three legs. So instead of gddin
three for four times, what can | do? | can wordut as ...?

Pupil: Four times three /.
Janica: /Three and three and .../
Teacher: $ays yes, in this case you can add because therendy four

threes. Later they will need to work out more aadgér
number$. So instead of adding three for four times, wdadtl
do? | multiply ...?

Pupils: Three.

Teacher: Three by ...?
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Pupils: Four.

Teacher: Three by foumnfites 3 X 4 = on the boarl And how many
legs is that?

Pupils: Twelve.

Teacher: Twelvewrites 12 on the board to complete equatboxx 4 =
12)

[MD5minute7]

| would like to use this excerpt to offer a themat explanation for a chain that can be set up
between pictures, addition notation and multipl@atotation, which | show in Figure 9.8. |
consider the chain to be set up in two links: Atfink appeared to be a relationship between the
pictures and the addition notation which was cabateway of the language ‘How many legs is
that?’, ‘each’ and so on. This language led thelpip give a quantitative interpretation to the
pictures, unlike other possible questions sucties the monsters happy?’ or ‘Are they wearing
shoes?’ In particular, the language drew atterttiosimilar groupings and hence establishing a
meaning for repeated addition as similar groupifipes was represented by the symbols 3 + 3 +
3 + 3. In the second link, this same notation wasntused to support a meaning for
multiplication. The language used drew attentioth® four-fold presence of the number 3 and
suggested an interpretation for multiplication tiotaas an alternative to addition notation. This
was offered by way of the words 'instead of', 'fianes' and 'an easier way', 'l can group all this'
(concurrently circling a set of numbers). Thus tbke of the addition notation in the semiotic
model ‘changed’ from the symbol representing aasitun, to form part of a ‘new’ reference
context supporting a meaning for multiplicationn the complete chain (Figure 9.8), | also
include the wordnultiply as a name for the procedure which now brings ivitiore ‘baggage’

than when it was used in relation to the recatheftables.
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(Associated wort

Multiply

Reference conte; Sign Reference conte I Sign
Each Instead  of,

y ! ‘
monster easier way
has three
\ Meaning / \ Meaning /

leas

Similar
groupings as
addition

Multiply as a
way to find the
solution to
repeated

addition

Figure 9.8 A concept for multiplication / multiply

The changing role of the addition notation can besered an illustration of how unlimited
semiosis (Eco, 1976) can occur, as chains of mgaire set up between various signs. It should
be noted that the pictures of the monsters aredéles symbols representing a tangible (albeit
fictitious in this case) situation, and the chaould be extended to the left to indicate this

representation if the monsters were real-life crest

The combination of expressions, pictures and ussotstion varied over the week. However,
although the situations were different (fingersnsters legs, skittle points, computer blasts and
so on) the presence of a repetition of a similanss always evident, thus conveying a sense of
consistency across the examples. The concept wiasssed in terms of the wondmultiplication
and/ormultiply byand/ortimesand | believe that all these words came to be &dsdcwith the

meaning of an alternative for repeated additioconsidered that ‘clarity’ was ensured by the
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‘proximity’ of the language and the pictures/natatiin the sense that to what the language was
referring was evident. Hence together, the languagkobjects offered a supportive reference
context for multiplication as repeated additioryshgluing’ (Hewitt, 2001) the words with the

mathematical notion.

As already mentioned, the apparent existence dirtke represented above was evidenced in the
pupils’ explanations during the interviews, althbuge pupils did not actually use the expression
‘instead of’ but gave an indication of the same et idea through different terms (Chapman,

2003). Hence, | concluded thBbse had achieved the objective she had expressatd) dhe

interviews:

“It is a repetition, so now | want them to work dwg multiplying instead of
adding, adding, adding (...) It's an easy way olR6$eM&D(2)Q2]

On the other hand, | think that a concept for divisvas not so successfully shared. In the next
section of this chapter I will explore why this magve been so by reflecting on the use of the

wordssharingandgrouping and the expressiagepeated subtraction

9.5 Developing a concept for division

As was the case fonultiplication opinions varied regarding the previous familiadgf the word
division, while the teacher thought it to be ‘fairly newAt Grade 3 level, division can be
addressed through the different actions of eitharisg or grouping. In each case, the language
used would need to be different to reflect theedéht situation. For example, in a sharing
situation, | would expect attention to be drawthi® two elements of the situations (e.g. children
and stickers) and words such as ‘share’, ‘give,daich’ to be used. On the other hand, in a
grouping situation, | would expect attention todsawn to the necessity of creating several sets
of a given size through expression such as ‘howynwoups ofx items can be made?’ |
conjecture that if the actions of sharing or grogpare clear to the pupils, then it may be
possible to link the elements of the situationg.(eriginal set size, size of a group, humber of
children and so on) to the numbers forming parhef division notation. However, during my

observations, | felt that the ideas for sharing gradiping were not clearly set out by the teacher.

First of all, no clear distinction was made betw#®ntwo words/actions since Rose often used
the words as though they were synonyms of eachr,aiken the following example (Rose here

mentions ‘cents’ rather than pence, a similar sudidin of a Maltese Lira or pound):
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(Pupils are working out a textbook exercise werg tre to find how many 5

pence coins are needed to buy stamp amounts teahaltiples of five e.g. a

30p stamp. As the pupils write the appropriate gibn operations, the

teacher walks round the class looking over the Isughoulder$.

Teacher:  $peaking to the class in gengralVe are sharing it [the stamp
value], we are grouping it in five cents coins.

[MD2minute39]

Furthermore, Rose did not use the wastaring andgrouping consistently or indeed at times,
appropriately, so that their meaning was not attogreevident in relation to what the girls were

perceiving. | will now outline the uses of each dar turn.

9.5.1 Sharing

Rose used the idea of sharing as an introductiahvision. She asked the pupils whether they
would end up with less sweets if they were to shiaeen with their sister, to which the girls

answered in the affirmative. Rose then called lmatet pupils and asked them to raise one hand:

(Three children are standing at the front of thengaeach holding one hand

up).

Teacher: I have fifteen fingers (...) and three hadslI’'m dividing,
I’'m SHARING the fingers among three hands. And wdhat
| get as an answer?

Pupils: Five.

Teacher: Five. So if we take fifteen fingerarifes 15 on the
whiteboard, how many fingers on each hand?

Pupils: Five / fifteen.

Teacher: Five on each hand. So | divide by fiverites -5 on the
board), and how many hands is that?

Pupils: Three.

Teacher: Three. Completes the notation 55 = 3 on the boar

[MD2minute20]

In this situation, the action of sharing was natpe&ed, nor indeed possible, and as Rose wrote
the notation on the board, she changed the intatfme from a sharing structure to a grouping
one. Hence, no difference was made between divigyrttpe number of children and dividing by
the number of fingers on each hand. Rose thendcaile another child and asked all four pupils
to hold uptwo hands each. In answer to her question ‘What aregeweg to do?’, Sandra

suggested dividing by ten, and a similar discussisued regarding 40 fingers and 4 children.

The only other time when the structure of sharirag \@ddressed during the week was for one

particular textbook exercise. Although the authafrshe book intended a grouping structure, a
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misprint in some of the textbooks prompted Roset&rpret the structure as a sharing one. That

is, forx=y, Rose led the pupils to state the number of grooe tformed and to find how many

sweets there would be in each group

Teacher:
Pupils:
Teacher:

Pupils:
Teacher:

Annemarie:

Teacher:

(Writes12 = 3 on the whiteboard}How many sweets do |
have? Touches the )2

Twelve.

How many groups | am going to havesi¢hes the)3
Three.

So | need three groups helbrags three’ squares’ on the
board).

o i oy
[ [

L[]

Now let me work out this division, so that | wilh&w how
much | have to give each of them. Annemarie. Twelve
division by three.

(®@ens up one finger at a time, the teacher doesane).
One three is three, two threes are six, three shaee nine,
four threes are twelve.

Sogoes four ¢ompletes the equation 22 3 = 4 and draws
four ‘sweets’ in each ‘squarg’

o O o O (e ¥e]
O Q o O o

[G3M&D4minute19]

It is interesting to note that although the wholereise lasted 33 minutes, that is, roughly half

the lesson, the worsharewas only used twice towards the beginning (“I wemshare them

among five girls, five boxes”) ansharingwas used in the very last statement (“Yes, because

here we are sharing”) in answer to a pupil’'s inBledcomment. Rather, throughout the exercise,

it was the wordyroupsthat was used frequently. | will revisit this ppghortly since | believe it

may have had some bearing on the pupils’ developofeneanings fogroupingandsharing

Although Rose sometimes stressed the wsirdring with her voice, she did not specifically

explain it. She seemed to assume that the girlddaawow its meaning, an assumption | believe

¢ The picture-example for the first division notatisimowed fish, but Rose reinterpreted the subseguamples in
terms of sweets in order to simplify the whitebodiaram.
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was correct. In fact, during the interviews, theifsuoffered appropriate examples of sharing

situations, which they seemed to base on persapaliences:

Sandra: Sharing means, means, em ... you have ... 3@l d ... SiX yo-Yyos.
And there are two persons. So | don't want to thikse six yo-yos by myself. |
get two for me, two for her and two for her. No.eJor her, ondor me and that.
You do that. And we have ... we have equally. [G3M&DPQ1]

Ramona: Sharingjou’ve got... ten sweetthen you do, you takefive yourself
(points to her classmate Kéllyand | take five myself (points to herself
[G3M&D(C)Q1]
None of the pupils explainesharingin terms of the division operation. Therefore, letthere
was evidence from their explanations of the linkwveh in Figure 9.9a the association with

division shown in Figure 9.9b was not expressed.

Reference conte Sigr
Reference context Sign

_y children
X sweets
“How many
children? Equal
amounts etc.

" v

ychildren
X sweets
“How many
children? Equal
amounts etc.

\ / Meaning

Meaning

Division as
equal
apportioning

Sharing as
equal
apportioning

Figure 9.9.a &b. Meanings feharing

Not much attention had been given to division asisg during the week and this might explain
why the pupils did not spontaneously link sharirithwhe division operation. However, the girls
did not explairgroupingeither in terms of division, even though groupives in fact focused on

more than sharing as a structure.

9.5.2 Grouping

All the pupils stated that the wogtoupingwas already familiar to them. However, during the

interviews, they did not distinguish betwegnoupingandsharing and this illustrates that even
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words that were considered familiar pupils are twatnsidering in the light of the observed

lessons. In this section | attempt to explain wimyesning for the word was not shared.

First, over the week Rose used the wgrduping 19 times, making it the second least used
topic-related word (see Figure 7.1a). Second, raady stated, part of the difficulty appeared to
be Rose’s occasional slippage between the two watraisng andgrouping. Third, | noted that

groupingwas used in different ways. | present the vanetim the order that they were carried
out in the class. The first three examples formed @f the second lesson with the first instance
occurring shortly after the womgroupinghad been read out from the pupils’ copybooks a&s on

of the words listed under the heading ‘Division’.

(a) Groupingused in a context where the word appears to mespeated quantity.

(i) No action evidentThe children were working out an exercise thguired them to find the

number of 5p coins needed to buy stamps of 30pet#Sprhe teacher talk included “we want it
in 5p coins” and “we’re going to give it to the pasfice in 5 cent [Maltese denomination]
coins”. [G3M&D2minute35]. The first example dealimgth a 30p stamp was shown on the
textbook as ‘30p- 5p = 6’ and Rose encouraged the girls to useaheedormat for the other
examples, and to use the tables to find the ansWé#tough the wordyroupingwas not used
during the initial explanation, Rose walked arotimel class as the girls worked and at one time
said: “We are grouping the 5 pence coins” [G3M&Dauate39]. Strictly speaking, no items had
been physically grouped, although Rose may havéedigo infer that the five pence coins

embodied a ‘group’ of five 1p value.

(i) An action evident, but no group is evidelrt the first story sum tackled, the waytbuping

was used in the sense of ‘putting 5p aside replgated

(The class has just read a story sum about a giringp5p a day in order to

buy a notebook costing 4bp

Teacher: So she saves 5p on one dagt(ires putting something aside
5p on anothers@ame gestuje 5p on anotherséme gestuje...
until she manages to save 45p. First of all, if ymak at me,
I'm doing an action, which tells you what's happeni(...)
what are we doing here?

Pupils: Put hands up eageily
Teacher: Lara?
Lara: We are grouping.

Teacher: We are grouping them.
[G3M&D2minute52]
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Here an action was in fact evident, one that indppatting 5p coins aside, although no ‘group’
of objects was perceived. The gesture used inctinisext was used by Rose almost whenever
she used the worgroupingand indeed, came to serve the purpose of promgiagirls to say
that ‘they were grouping’. The gesture consistedhef finger-tips of one hand touching the
fingertips of the other hand as though puttingdhitogether, as in Figure 9.10. This action was
repeated according to the number of groups, eaoh fiurther to the left in relation to Rose’s
body.

Figure 9. 10. Rose’s ‘grouping’ gesture

(b) Grouping action evident; the word appears tamgutting items together, then putting them

aside.The subsequent story sum dealt with a little bagkjpng cans into boxes. The language of
the story sum “Mick packs cans into boxes ...” ang picture shown in the textbook (Figure

9.11) gave a sense of an action taking place:

Figure 9.11 Textbook picture for grouping cans

Teacher: I'm going to act it out (...) How many sahas he got?
(makes a gesture indicating putting things togethed
putting them aside

Pupil: Twenty.

Teacher: Twenty.@pens her arms out wileNow they do not fit all
in one box. He takes five of them and puts thena inox
(brings arms closer and mimics putting somethingesr his
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gesture is done four times as the teacher }a[l&o] Five in
one box, another five in a box, another five inoa,kanother
five in a box. We want to know how many boxes weche

Annemarie?
Annemarie: $ilen).
Teacher: Repeats above explanations and gesjuréd/hat is

happening here?
Annemarie: Grouping.

(...)

Teacher: How many boxes do | need?

Pupil: Four.

Teacher: Four. How did you work that out?

Pupil: Five, ten, fifteen, twentyppens fingers ot

Teacher: We already know the answer. Now | wolkd tio work it
out with a ‘statement’ and a divisiorto(lches notation
written on the board for the previous story suminicate
the approach required

Nadia: “Five cans equals one box (...) twenty cansakqghow
many?”

Teacher: \rites the following on the whiteboard

5cans =1 box
20 cans = 7

(Touches the board underneath the ‘statementhat do |
write here?
[G3M&D2minute66)

The pupil Rita then suggested-320 and Rose guided her to giving the correct mote20+ 5
(see Section 9.3.2), which Rose wrote on the b&ird.then asked if someone could work it out,

and Melissa counted in fives up to twenty.

Teacher: And how many boxes is that?

Melissa: Four.

Teacher: Four. It is very important that you make of your fingers.
Then | write my answerQompletes equation on whiteboard
as showi

20+ 5= 4 boxes

[G3M&D2minute66)

The packing situation seems to have included twts pgirst, the action of grouping cans, the
solution of which was found by Annemarie by cougtup in fives. Second, the manipulation of
the notation, which however, | feel was left somatvtlisconnected from the first part. The

various parts of the notation (20, 5 etc.) werefaoused on explicitly, in the sense of stressing
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that the 20 represents the original set to be amtedhe five represents the size of each group,
and so on. The writing of the ‘statement’ and sgbsat manipulation of the notatiger se
seemed to hinder the setting up a link betweerpliysical action of grouping and the division

concept and notation.

It was interesting to note that the above quotedmptes became progressively more ‘concrete’
in the sense that they offered progressively m@@odunity to perceive an action with actual

groups being formed in the cans example. | mighiehaxpected them to be offered in the
reverse order. | say this based on a taken-fortgglaassumption that younger children may
benefit from tangible experiences. However, | vadinsider the point more theoretically in

Section 9.6. The final example below illustratesthar use of grouping in yet another context,
this time in conjunction with a number line in fiiféh lesson.

(c) Groupingappears to refer to equsdts of numbers on a nhumber line, but the diagsamoire

suggestive of multiplicationThe class was focusing on a textbook exercist dbpicted a

kangaroo jumping in threes on a number line. Thabers up to 30 were represented as ‘stones’
and the first two hops were indicated (I reprodieeline up to 16 here):

Figure 9. 12. Textbook depiction of a number line.

The first exercise that was presented in relatiothis diagram had focused on multiplication
(“find what number the kangaroo lands on if he jsndphops”). The aim of the subsequent
exercise was to find how many hops the kangaroddiah to land on 9, 15 etc. that is, to offer a
division interpretation for the number line actviRose asked ‘What are we doing?’, which
usually meant that she was expecting an operatibe suggested, but the division operation she
hoped for was only offered by the girls after myrbmpting, and after they had suggested
counting, jumping, grouping, multiplication and &auh. In the course of the interaction, Rose
mentioned ‘sharing’ but this was not evident in pieture; furthermore, although ‘groupings’
could indeed be perceived (hops of threes), thgralia appeared to be more suggestive of

multiplication, hence repeated addition, than eisitbn, since the kangaroo was jumping ‘up’
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the number line (left to right). Even having esii®d that the operation was division, it was
only with great difficulty that Rose led the girls tonotude that the operation to be worked out

was 9+ 3. The full transcription illustrating the intetexm may be viewed in Appendix J.

Reflecting on the various uses of the wagbuping | concluded that the only apparently
consistent feature of the contexts was the woedfitnd the gesture that was usually used to
accompany it. During the lessons, pupils were eragmd to associate the wagdbuping with

the worddivision, and with guidance, they formulated the approprigteration. However, Rose
did not draw attention to how the elements of thetexts related to the division operation (i.e.
explicitly discuss why a certain number is written first e inotation, the significance of the
divisor and so on), so that possibly the relatignbletween the respective situations and division

was not rendered clear.

When | asked the pupils to explain the wgrduping,none of them used the idea of division in
their explanations. Furthermore, although the pupthted that the two wordsharing and
grouping had already been known to them - an opinion aédd hy Rose - the interview data
suggests that the girls failed to make a distinchetween the two. For the wogdouping the
explanations offered described yet again sharimgatsons, although the pupils sometimes
included the wordyroups and/or a gesture similar to Rose’s grouping gestbor example,

Ramona and Kelly, in their joint explanation, gaveharing situation with Kelly concluding:

“(...) Into two bags. And that'sfive sweetdn a bag(makes grouping gestyre
and another five sweetsin a bag (makes grouping gesture again this time
further to the right [G3M&D(C)Q1]

The lack of distinction betweesharingandgroupingis illustrated by the joint explanation given

by Melissa and Lara:

Lara: Grouping, em ... when we have a ... twelve ssvaatl we
grouping.

Melissa: We have to share them.

I: How do you group twelve sweets?

(...)

Lara: We share, em, groupingifs fingers of one hand together

I: OK. How would you group them?

Lara /Mel: Silence.

I: OK what about sharing? What does sharing mean?

Lara: When we have em ... a six girls and, and | lzaseeets, and

we share it; you have five, five, five .ggstures giving
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something out to various people

Melissa: Sharing means that we have long pausg when we have
three, three girls and we have three, three chilgoa have
to share them with the three girls.

I: So give me an example of grouping, Melissa.

Melissa: Grouping is em ... when we have ... ten swaetswe have
sh... and we have to group them for two children.
And how many would they get each?

Melissa: Five!

[G3M&D(B)Q2]

Similarly, Maria appeared at first to be talkingpeba grouping situation, but in her Maltese

explanation later, described a sharing situation:

Maria: Em, you have eight, em and you ... group thenwo (oins fingers of
one handl You make two, two, two, two, two, two (sichgves bunched fingers
from right to lef}. [G3M&D(A)Q2]

[Grouping is]Jwhen you've got eight dolls and you share them. Ando I'll

have to share them between two and they have to lkaough [to go round]

for everyone.[G3M&D(A)Q1]
| concluded that pupils developed an interpretafmmboth wordsas the formation of equal
groups through a sharing actiorPerhaps Rose did not give importance to thendistin
between the structures | myself give, or was néficently aware of it. Whatever the case, |
think that the pupils’ ideas may have been a resfuRose’s occasional use of the words as
though they were synonyms of each other, the vanimes of the worgrouping (sometimes in
contexts were the formation of groups was not exjdand Rose’s frequent use of the word
groupsin both sharing and grouping situation. Indeedjnduthe week, the wordroup/swas
used 46 times by the teacher and 5 times by thiéspuamore frequently than the wogitouping

itself which was used 19 times.

9.5.3 The notion of repeated subtraction

The concept omultiplication as presented to young children is based primanlyhe idea of a
repeated addition and a parallel can be developediision as repeated subtraction. | believe
that had this key aspect been addressed in moad, get it had been done for multiplication,
appropriate chains of meaning may have been sdiapever, the idea of repeated subtraction
was mentioned only very briefly twice. The firasiance was at the start of the topic when the

girls read out the phrase ‘to divide is a repeatebtraction' from the notes written in their
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copybooks. The other instance was when it was wsedby the teacher during the correction of
the ‘kangaroo’ exercise in the fifth and final lessAs the exercise progressed, the teacher wrote

the following notation on the board:

1. 9+=2= =2hops
12. 20 +3=10
12, A +2=F

Rose explained to the class:

T: In the division, the numbédook, becomes SMALLER. SeePHe teacher runs
her finger down the ‘answers’ column - 3, 10, hert up the dividends column
21, 30, 9. It always becomes smaller because we are dyjdjrouping, we are
sharing. It is a repeated subtraction.

[MD5minute58]

I myself was able to interpret the gesture to meanh3 was smaller than 9 (reading horizontally
right to left across the whiteboard example numibérkeabove), 10 was smaller than 30 (second
example) and 7 was smaller than 21 (third exampleyvever, | suggest that this relationship

was not clear to the pupils, since it was not cteawvhat the teacher's language was referring.
The notation did not show subtractions, and thg wapeated’ things were the divisor 3 and the
symbols + and = present in each example. As shedoer finger down and up the numbers, no
obvious pattern of something getting smaller coléd perceived. The kangaroo had been
presented by the textbook as jumping ‘up’ the nuntibe, since it was needed for the previous
multiplication exercise; however, a more appropriegpresentation for division as repeated
subtraction would have been the kangaroo jumpirmyvfd (i.e. right to left). The repeated

subtraction notation 9 -3 - 3 - 3 = 0 was not ussahy time by Rose.
As she herself explained, Rose did not give trea igs much importance as repeated addition:

“At this age, | think they will find more work addeup, for example, in an
addition you can have four, five, six numbers op tf each other. In a
subtraction you don'’t find that much at this stagecause you can find it later
on, for example 36 minus 5, minus 2, minus 1. Wébards division you have
the same numbers. But it hardly happens. | justioeit because of subtraction
so that it clicks that something is becoming smadled smaller every time.”
[RoseM&D2(025)]

However, this relation with subtraction (both ‘madkss’) was not actually stated explicitly by

Rose at any time during the week.
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During the interviews, an unexpected interpretafimnthe idea of ‘repeated subtraction’ was
offered by three of the pupils (the other threerthtl offer explanations). | asked the girls what
the teacher had meant by saying that 'divisiorepeated subtraction' and they answered as

follows:

Sandra: [Repeated subtractiongéansif you have three minus three, minus three,
minus three ...tails off).

Maria: And you do themdivision.

[G3M&D(A)REFERENCE]

Melissa:Instead of us doingsix, minus six, minus six, Minus siyQu do six ...
division ... by ... three equals ... (trails off).
[G3M&D(B) REFERENCE]

The interpretation the girls were apparently givivas that of 3 -3 -3 -3 or 6 — 6 — 6, possibly
drawing on their knowledge of repeated additiolBas3 + 3 + 3. However, this is not what is
normally meant by the statement ‘division is repdasubtraction’, and therefore, although a
plausible interpretation, it is not an appropriate. Such an interpretation may be considered an

inappropriate link between signs, or what is comiynoeferred to as a misconception.

| suggest that the use of repeated subtractionioot@.g. 12 — 3 — 3 — 3 — 3 = 0) may need more
detailed attention than that for repeated addifemg. 3 + 3 + 3 + 3 = 12), since it is more
complex. The starting point in the division notatie the original quantity and the number of 3s
is not optional but must reduce 12 to 0; the sotuis not the ‘answer’ (0), but the number of
repetitions. A possible semiotic chain for divisias repeated subtraction — which however was

not set up and hence not shared - is shown in &gu3.
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(Associated word)

division
Reference context Sign / Reference context Sign I

X-y-y-y..=C < N
Instead  of,

easier way

X items to be
grouped into sets of ¢ ’

y

“Sets of y itenfiset

\ Meaning / \ Meaning /

The formation
of groups of
equal quantities

Division as
repeated
subtraction

Figure 9.13 A concEgtdivision as grouping / repeated subtraction

Division is often said to be the ‘hardest’ of tlwaif operations to teach (Frobisher, 1999, van de
Walle, 2004) and using my data as background, lldvoaw like to reflect on why this might be

so from a semiotic point of view.

9.6 Comparing possible representations for multiptiation and division

For this discussion, | consider multiplication adigision through four different structures as
indicated in Table 9.2. The first three structuregjual groupings, number line, allocation - are
adapted from Anghileri and Johnson (1988, p.158-H#1 number triples is adapted from
Anghileri (2000, p.76). It should be noted thah¢lude only aspects relevant to Grade 3 level
and thus | do not consider the structures of s@ateboth multiplication and division) nor the

idea of Cartesian products for multiplication.
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Structures Multiplication Division

Equal groupings Finding the total of a number ofRearranging member of a set |to
equivalent disjoint sets. e.g. threereate equal subsets. E.g. six
pairs of boots. apples to be arranged into twos|.

Number line Movement ‘up’ a number line in Movement ‘down’ a number ling
equal steps. in equal steps.

(e.g.0- 3-6-9) (e.g0~3 -6 <9

Allocation (rate / | Equal sets (portions) are matche®&haring out items into a given

sharing) using a tally of objects (owners)number of partitions. E.g.
E.g. Three boys get four stickersharing twelve stickers amorng
each. three boys.

Number triples Appreciation of a number triple Appreciation of a number triple

independently of a practicalindependently of a practical

procedure. E.g. ¥ 4 =12 and 4 procedure e.g. 12 3 = 4 and 12
X 3=12 -4 =3.

Table 9. 2 Comparing multiplication and divisiorustures

All the above multiplication and division situat®rcan be represented msX n andx + y
respectively, but in order to allow for the variomerpretations, different reference contexts
must be available comprising different actions I(rea imagined), pictures and associated
language. | suggest that the first three structaees be represented by either active or static
representations. By ‘active’ representations | m#at an action takes place, while a static
representation is a picture or diagram that cagttire situation at some moment in time. In the
following sections | will argue that while activepresentations can be easily perceived for both
multiplication and division, it is harder to presamd interpret static representations for division
than for multiplication. Finally, | will reflect orhow the number triples come to exist
independent of perceivable objects, and how indasge mathematical language serves as its own

context.

9.6.1 ‘Active’ representations

For multiplication, a child might actively createts of objects (e.g. buns) or allocate items to a
given number of friends. In the absence of tangitbects, a child cadraw the objects one by
one, and | can still consider this to be an actefgesentation. Similarly, marking jumps on a

number line can also be considered to be an amtmesentation. The language used in close
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conjunction with the action and objects has thesidl to draw attention to features of the
situation: ‘groups of 4’, ‘how many in each groupok / jump [on number line]?’, ‘groups of the
same size’, ‘how much altogether?’, ‘how big is phep?’, ‘each friend gets four stickers’ and

so on, depending on the situation.

The first three structures for division listed iable 9.2 can also be represented actively. In a
situation where someone is physically grouping,risgaor moving down a number line,

attention can be drawn to features of these actibas can relate them to the operation of
division. For example, attention might be drawth® original set to be acted on, the number of

sets or number of items in a set, or the sizeesthp on the number line.

Division as grouping and on the number line carviegved as repeated subtraction although
items may not actually be ‘taken away’ (the comniaterpretation of subtraction for young
children), but simply ‘utilised’. So for examplé ai boy is packing cans into boxes, 5 per box, he
is utilizing the cans (i.e. completing sets), rather than tpkivem away. This in itself may
present a language difficulty for young childremcs it is necessary to give a different
interpretation of subtraction in relation to thgembs being acted upon. For sharing, the action
involves two tangible elements (e.g. children aweeds), and the language needs to deal with

apportioning items.

As in the case of multiplication, a picture canused to prompt an active representation of

division, as in the case of circling items for guowg or indicating a ‘giving out’ action:

®L) O ® ~
@ A ne %Y, K

b /N

N BNG) ,\

\ \

\ @‘, / S iy, S
N ST 00O DOCO

Figure 9.14. a & b ‘Active’ representations of gong and sharing through pictures sharing adapted Anghileri
& Johnson (1988, p.160).

During my week of observations, no active represténts were carried out for multiplication,

nor for division as grouping. The only active regmetation for sharing was the exercise where
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sweets were placed into a given number of boxesughr drawing. Here Rose did ask ‘how
many sweets do | have?’ while she touched the aatenumbers on the whiteboard. However,
this was the only exercise of its kind, and thedsshare/ sharingwere hardly used at all and
therefore the potential of the situation was natised. | suggest that the advantage of an active
representation is that language can accompany rtfeding situation, and hence support the
setting up of semiotic chains.

9.6.2 ‘Static’ representations

Multiplication situations can be shown pictorialijy which case the representation is static.
Referring back to the structures identified by Aifggh and Johnson (1988) (see Table 9.2) |
noted that the examples provided by the textboale wéthe ‘allocation’ type. Two examples of
static representations for multiplication offergdthe textbook are shown below:

‘ Win 10p for )
each skittle ‘

| knocked ‘
‘ down.

Figure 9.15 a &b. Textbook static depictions fortiplication

Pictures capture a moment in time and do not dgtiralolve the physical creation of groups.

The sets are concurrently present and the langusegk in conjunction with these diagrams can
aid the child to perceive the idea of repeatedtaxidin the sense of ‘yet another set’. Several
such activities were carried out during the weet thre semiotic links shown in Figure 9.7 - 9.8

were possible.

On the other hand, | suggest that it is harderei@give a division situation through a static
picture. For example, the textbook offered the idiagreproduced in Figure 9.16 beneath the
page title ‘Multiplying and dividing’.
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Figure 9. 16. Textbook static representation feisein

In an apparent aid to interpretation, the authffexred both the multiplication and division (as

grouping) notation in relation to the diagram:

However, | suggest that is more likely for a chitdperceive the sets as 2 sets of 4 fish (i.e. a
multiplicative situation) rather than a total of@divided into 2 groups of 4. In order to focus on
the original set of 8 fish, the child must tempibyaignore the lines that create the subsets.
Similarly, if a diagram is attempted for sharingg {perceiver may ‘see’ the diagram as repeated

similar sets, rather than an original whole set apyortioned out.

Figure 9.17 Static representation of sharing

Rose did not offer many static representations waheén she did, the language used in
conjunction with them was not appropriate, for eglemsharing hands’, ‘grouping 5p coins for a

stamp’ and division on a number line showing upwardps. Thus, the reference contexts were
not altogether helpful to support a concept forgiitn as grouping /sharing. | conjecture that it is
harder for a teacher to combine language withcstdiigrams to create supportive reference
contexts for division and yet, by its very natuaetextbook tends to offer static representations
which therefore, are limited. Due to this appardinitation, teachers may have less

representations to turn to as a support for theaqatrof division than for multiplication.
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9.6.3 Number triples: mathematical language as itswn context

The final structure for multiplication given in Tlab9.2 is that of number triples. According to
Anghileri and Johnson (1988), arrays are usefudupport a meaning for these relationships.
Language can be used to draw attention to the nuaflokots/stars/pegs etc. in a row, column or
all the array. During my observations, arrays wemesented as stamp sheets and peg boards

which served as static representations of repeatsd

However, ultimately, it is important for children appreciate the triples independently of any
perceivable object or situation (Anghileri, 200B9r this layer of meaning, language serves as its
own context (Vygotsky, 1962). More specificalimathematicallanguage serves as its own
context, since multiplication is talked about aglationship between three numbarsn andp,
such thap is the product of two factora andn. Figure 9.18 shows a possible semiotic chain for

this idea:

Reference conte Sign /Reference conte Sigr

mXn=p
nxXm=p
“same numerical
answer”

\ Meaning / \ Meanin( /
as

Notation Numerical

alternative equivalence of
interpretations of two

same array interpretations

An array
“How many per
row? Per
column?’

Figure 9.18. The multiplication triples

As already discussed, the idea of commutativity wddressed during the lessons, not only
through the arrays, but also by virtue of the talilee pupils knew so well. An awareness of
commutativity contributes to the development of mieg for the triples relationship with respect

to multiplication.
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The number triples can be extended to division@rek again arrays might be used to support

the relationshipg +y =z and x +z=y. A semiotic interpretation is as follows:

(Associated wor

Division
Reference conte Sigr
An array diagram
“How many in all? <>
Per column?”
\ Meaning /

Notation as
alternative

interpretations of
same array

Figure 9.19 Number triples for division

However, the use of an array as a representatiogsbwith it the same difficulties mentioned

previously for static repeated groups.

The strength of the triples lies in the inversatiehship between multiplication and division that
can be expressed as: X n=p (and therefora X m=p) THENp+n=mandp+m=n’. A

semiotic representation of the inverse relationghghown in Figure 9.20:
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Reference conte Sign

IFmXn=p
(and therefore

n Xm= p)
\ Meaning /

Division as the
inverse of
multiplication

Figure 9.20.Number triples

In this interpretation, both the ‘reference coritextd the ‘symbol’ elements of the semiotic
model consist of notation and mathematical wordgtteer. The left hand side and right hand
side can easily be inverted (e.gpi# m =n, thenm X n =p) and Steinbring’s (2002, p.8) point
that “sign systems and reference contexts are €mporarily equal, none precedes the other” is
very evident here. According to Chapman (2003gstants of the kind “Iin X n=pthenp+m
=n” constitute ‘mathematical language’ since theyctig@acterised by a metonymic rather than
metaphoric orientation (e.g. monsters and stamps)nggh modality (that is, a strong sense of

certainty). Here meaning is created and expresghahvhe realm of mathematics itself.

Apart from appreciating a mathematical relationsghipits own sake, the triples relationships are
useful to understand since it is not common pract learn to recite ‘division tables’ (“3
divided by 3 is 1, 6 divided by 3 is 2, 9 divided ® is three ...”), whose quick recall would
provide a handy strategy for finding solutions. 3hunowledge of the inverse relationship with
multiplication allows me to apply the relationshipa variety of contexts. So, for example, given
the question Mow many days to save 45p, if 5p is saved pePdaye can reason out using the
triples as follows: “if 9%X 5 = 45, then 45 + 5 = 9, therefore the solutisr®idays”. In fact, |

suggest that a ‘division’ solution of this questicen only be found using the relationship: no
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repeated subtractions or groupings are taken oerfrath the 45p and it is hard to bring to mind
an image that specifically depicts ‘division’ (paog 5p coins in a money-box is likely to be more
readily interpreted as a depiction of repeatedteaidi Similarly, if asked to find the number of
5p coins needed to buy stamps of values 30p et difficult to draw a diagram to depict this
(repeated 5p coins would be a depiction of repeatidtition). Again, the triples would be a
useful interpretation. While Rose guided the pualsffer appropriate triples, it is interesting to
note that these two exercises (saving 5p / staryesiawere thdirst to be carried out by the
class regarding division. However, | suggest thatiew of the points raised in this discussion, it
may be useful for a teacher to bear in mind thah sxercises are different to active and static
representations and possibly ‘harder’, since thegedd solely on metonymic mathematical

language for their interpretation.

9.7 Conclusion

It appeared that when words were used in a refatewote, it was easy to achieve clarity by
virtue of the close perceptual association betwikerword and to what it referred. Furthermore,
the procedures ahultiplying anddividing also became apparent to the pupils as these words
were used frequently, and the proximity of theie wath notation/actions appeared to render the
meaning of the words clear. When a layer of meagioes beyond reference or procedure, it
may be harder for clarity to be achieved, singe & more complex task for an association to be
set up between language and that to which it refierthis chapter, | discussed various potential
language difficulties related to Multiplication aBivision, and developed a discussion regarding

how the concepts can be represented through ‘gcttagic’ and metonymic representations.

One of the aims of my study was to tease out issiigis may be particular to immersion
classrooms and which might be general languagecesspesuggest that all the points discussed
in this chapter may very well have been identifieca first language classroom. Of course, |
cannot exclude the possibility that Rose structimedexplanations because she was ‘obliged’ to
use English. However, | do not have evidence thdicates with any certainty that the use of
English was detrimental to the pupils’ understagdif the mathematical words discussed — the
pupils’ explanations indicated that they had fokalvthe teacher’'s line of thought for
multiplication; for division, incomplete or inapgndate ideas expressed by the pupils can be
explained by way of the general approach takernbyteacher, an approach that may very well

have been replicated even if the lessons had beee through Mixed Maltese English.
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However, as a point of reflection on the languagee, | would like to raise the possibility that
one of the pupils did not understand the werpkated

Ramona was a pupil who was described by her teaahéweak’. When asked to explain
'repeated subtraction’, Ramona had her copybodorm of her, open on the page showing the

multiplication / division words. She glanced bigedt the notes and replied:

“Em ... you've got anumberand em ... you keep ... for example, you've got

a number and you've got to keep ... em ... and(long pauseyou've got to

revise it” [G3M&D(C)Q6].
It is possible that Ramona meant to 8egpetiha (you repeat it) rather than what she actually
said -tirrivaj zjaha (you revise ij. | say this because of her useyaiu keep .. by which she
may have intended to sapu keep repeating itbut then could not find the right word and used
'revis€ instead. The choice akViseé here may have been influenced by her teacherasmmal
comments that they should revise their notes amd tiables. However, another possible
interpretation could be that Ramona had not unoledsthe wordrepeatedduring the lessons:
indeed during the interviews there was no eviddghae she viewed multiplication /division as
repetitions, nor that she understood the wapkated(except for the possible implication of
‘you keep ..."). This was not the case for the offneg pupils, who through some statement or
another indicated that they knew whapeatedneant. Obviously, if Ramona had not understood

the wordrepeated she would have missed out on a crucial poiriéntopic’s development.

Clear semiotic links are an important languageesthat must not be overlooked whichever
language is chosen as a medium of instruction.€fbee, it is worth reflecting on the exclusive
use of English with respect to various represeriati When dealing with active and static
representations, it is important that a teaches Useguage that is easily understood by the
pupils, in order that the objects and pictures dpeitilised lend the necessary support to puplil
interpretation. Perhaps it may in fact be helpful the pupils to use some Maltese in these
situations. With regard to the number triples, ¢hase expressed through notation, hence would
retain their format even in a classroom where Miktadtese English is used. However, in such a
classroom, one can reflect on the move from paiketkpression of the ‘if ...then’ idea in

Maltese, to expressing the idea through mathené&ioglish.
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As | looked out for ‘clarity’, which | assumed nasary for sharing meaning, | remained open to
any other features that might have had a bearingharing meaning. However, at this stage, |

have not identified any other feature other thaguiency, previously discussed.
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CHAPTER 10

10.1 Introduction

Graphs

The topic ‘Graphs’ was carried out in the Gradéa8sroom. Gina'’s intentions for the week were

expressed as follows:

Gina: “Most important is reading from a graph (..Hey [pupils] are used to
plotting block graphs. (...) What they didn't tackie the past] was that from a
graph you can be asked questions, and derive asdwydpoking at the graph”.

[GinaGraphs(1)Q1]]

| must express some doubt about the fact that itteevgould not have experienced answering

guestions about a graph, since this is generatlydied in the teaching and learning of graphs at

the earliest stages of graphical representatiarallysGrade 3 level. However, this is what Gina

believed and indeed, a lot of lesson time was spEading off information from graphs. The

graphs tackled were block/bar graphs, straightgjramhs and pie charts. The general approach

taken was for the girls to draw, or copy, a grapd then to answer related questions. Some

sample questions are listed in Table 10.1:

Graph

Sample of questions asked

Bar graph showing a pupil’s test resu
per month.

Its

What was the average mark for the five tests?

Between which two months was there m
improvement?

ost

Straight line graph showing the distang
covered by a man walking at 5 km/h.

es

At what time did the man start walking?

What distance did he cover between 10.30 g
and noon?

.M.

Pie chart showing preferred sports of
children.

16

How many children voted for swimming?

Which sport was least popular?

Table 10.1. Sample of questions asked in relat@raphs
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The girls used a copybook which had alternatingaeepli (2mm) and lined pages. Graphs were
drawn on the squared pages, while information grveorkings were written on the facing lined
pages. Class corrections were lengthy since ttehéealrew each graph on the board and then
went through the working of every question togethi¢h the pupils. The spread of the work is

summarised in the table below and includes theecton of homework tasks:

Lesson 1 Lesson 2 Lesson 3 Lesson 4 Lesson |5

Bar graphs 3 2 - - 2
Line graphs - 2 4 3 1
Pie charts - - - 1 4

Table 10.2. Distribution of graphs over the week

As explained in Chapter 8, one limitation | am aavaf for the topic ‘Graphs’ is my uncertainty
about the familiarity of some of the topic-relat@drds. During the interviews, | showed the
pupils the list of words and asked them to point which ones were new. However, with
hindsight | realise that this may not have beenesy weliable method since some initial
conclusions did not tally with other interview datéor example, the wordlata was not
mentioned as new by one of the pupils, Stefaneditgy me to conclude that this word had
already been familiar to her from before. Howelager on in the interview, she said she did not
recall the word at all. Another two pupils (intezwied together) said they were not sure whether
they had known the wordata prior to Grade 6, giving me the impression thatytknew the
word but could not identify when they had learnHowever, later on in the interview, they went
on to say that they could not recall the word beisgd during the week and could not give an
explanation of it. The same situation arose fordhme two pupils for the expressidrop a
perpendicular Although these were the most obvious discrepantieas left with some doubt
about the way | collected this information for ‘@Gres’. Hence, | took all the evidence into
consideration when commenting about whether wordeewnew or not in the course of my
discussions.

| start by considering the use of the wogllaphs axesanddata as reference, then examine in
more detail the meanings for graphs. | then congitetwo topic-related verbplot anddrop a

perpendiculay and finally reflect on the interrelated meanifaysscaleandrepresentation
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10.2 Words as referenceggraphs axesand data

Just as | had identified words that named notdtiothe topic ‘Multiplication and Division’, so
for the topic ‘Graphs’ there were words that narneddiagrammatic representations as shown in
Figure 10.1.

Block / bar
I:I “«—>
Line graph
i “«—>
@ Pie graph /

Figure 10.1. Names for different types of graphs.

The first type of graph was usually drawn as barshewn in the figure, although Gina tended to
refer to such graphs atock graphsThe namédlock graphcomes from an earlier version of this
type of graph where ‘blocks’ (often squares) aredu® represent items in a one-to-one or one-
to-many relationship. The pupils usedr graph more thanblock graphduring the lessons,
although my impression over the week was that topilp were well aware of the
interchangeability of the two terms. Bqtie graphandpie chartwere used by the teacher and
the pupils for the third type of graph. The ndime graphwas used consistently. Very often, any

one of the above graphs was simply referred to*gsaah.

All the six girls interviewed said that they hadokm the wordgraph previously, and from the
conclusive interview data, | can say thédck graphhad already been known to 4 pupbsy
graphto 5 of them angbie chartto 4. The least familiar name appeared tdire graph since
four of the interviewed girls said they had not wmait previously All the girls were successful

in expressing the three names during the interviévedtributed this to the possible previous

182



knowledge of the meaning of the words but alsdéofaéct that during the lessons, the words had

been used in close conjunction with the diagranowafresentation to which they referred.

Similarly, the expressions- and y-axis (which were new expressions to all six pupils
interviewed) were used very frequently during tleesbns in reference to the vertical and
horizontal lines drawn on the board and on the Igupopybooks. The ‘naming’ role of the

expressions was highlighted by Gina early on indéeelopment of the topic, when the names

were offered by one of the pupils Daniela:

(This is the first class discussion regarding graphise class is discussing a

way to represent information regarding the monthsmhich their birthdays

fall. Up to now the pupils have suggested a ‘gragoind the need for a vertical

and horizontal line, which the teacher has drawrtf@board.

Teacher: Listen girls! Somebody said the horizorita¢ and the
vertical line. They have names. And Daniela nantesl t
names. She called them ..Tu(ns to Daniela Tell us.

Daniela: Y-axis and x-axis.

Teacher: Now which is the x-axis?

Daniela: The horizontabéstures a horizontal orientatipn

Teacher: The horizontal line, she called it anxisa(writes x axis’ at
the end of the horizontal line drawn on the bgard

Clare: Can you name it the ‘b-axis'?

Teacher: Usually there’s a standard form. It IShdtad. And the
vertical line, we call it the ‘y-axis’.

[G6Graphs1minutel6]

Over the week, attention was frequently drawn toakes, since they formed an important part
of the diagrams being drawn. For example Gina mggtyt ‘We have pounds on the x-axis’
[G6Graphs2minute127]. For every bar graph or lingply drawn, Gina and the girls would

always label the axes as ‘x axis’ and ‘y axis’ (hgphenated) as shown:

y axis

X axis

Figure 10. 2. Labelling the axes
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During the interviews, the girls used the wordsrappately as names, for example:

Stefania: $he has her copybook open in front of)helere’s the x-axistuches

the x-axis of the graph shown on the paged here’s the y-axisn@dicates y-

axig). [G6Graphs(B)Q2]
| concluded that the names for the axes were ssittigsshared and | attributed this success to
frequency of use and to the fact that what the weférred to was perceptually evident.
However, there was another mathematical noun tleast wsed for which for which | believe
meaning was not so clear. This was the waath which can be defined in a singular sense as a
“collection of information” (Haylock, 2001, p.176)he class ‘collected’ data only for the first
two graphs, that is, when Gina asked about theindays and favourite animals and wrote the
frequencies on the board. On one occasion, dasadieg a baby’s increasing weight over time
was provided in a table printed in the textbookweer, in all other cases, the girls were
presented with an already-printed graph, so thatdata had already been depicted. Gina

introduced the wordataduring the first lesson as follows:

(The teacher is about to start a class correctiohef drawing of the first bar
graph of the week — “birthdays”. Some girls havdoooed the bars and the
teacher shows the class a copybhook

Teacher: Look, girls, when you use different cadoumow clearly you
can spot the data.

Pupil 1: Data?

Teacher: The information. Data. Information.

Charmaine: What doesdatamean, Miss?

Teacher: It's information. Things you need to krtovwvork.

Dorianne: (haudible find the data? [appears to be asking what sort of
guestion they might be asked about ‘data’].

Teacher: No, [a question could be] “from your ddiag, show me,
tellme ...”

[G6Graphs1minute57]

Although not altogether clear, Gina seemed to feFnieg to values or information shown on the
axes. In the next lesson, the waldta appeared to be used with another meaning, as she

explained to the girls how to organise their copfowork:

Teacher: Remember! The graph is on your paggews up the squared
side of copybogkand the DATA on the otherin@icates
facing lined pagg(...) A graph ... and ALL the data next to
it [i.e. on facing page]; t¢rns page to show two new papas
new graph ... and the data next to it.

[G6Graphs2 minute7]
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In this contextdataappeared to refer to what was written on the figimd (lined) page which in

fact was the scale and the answers to the questsixes! in relation to the graph. So for the graph
depicting students’ test marks, the written compowa the lined page consisted of “y axis 1cm
represents 1 mark”, “Ron scored 100%”, “Ron camst’fetc. and the calculation of the average
mark of the test. Admittedly, this information iatd too, but in the process known as handling
data, it is usually the initial, researched infotiora that is referred to as data. After being

collected, this is then analysed and representedgsaph.

Two points emerged from my reflections on the sigaof meaning of the wordata First, |
noted that when a mathematical object is not imatelyi perceived, it is harder to name it.
While this may seem like an obvious statement,irtiqgication for teaching is that it may be
helpful to render perceivable anything that in fzant be. In this case, because ‘data’ (in the sense
of actively collected information, written frequeniables etc) was not available for most of the
graphs, Gina’'s use of the word in the second leappeared to take on another meaning, that is
‘data is the written element of the graph work’cdnnot tell whether it was actually Gina’'s
intention to convey this meaning, but it is wortbting the pupils’ explanation for the word.
Rachel and Claudette - who had said that theyalvaddy known the word - used it in the sense

of the written elements on the right-hand-sidenef¢opybook:

Rachel: This is the dataSHje indicates a lined copybook page facing
a line graph which shows the written scale and tamhs to
guesitonk

Claudette: It will be written.

[G6Graphs(A)Q2]

A different interpretation was Dorianne’s. She ipteted the word to mean the written values on

the graph:

(Dorianne has her copybook open on a page showisigagght-line graph. It

shows the increasing weight of a baby up to 10 gyeek

Dorianne: Information. Data. Em, instead you firce.[ instead of
finding] the data by reading, you find the dataldigking at
the graph. For example, ‘five and a half kilogramsime
(reading the x-axisis the data of ... tentquches the ‘10’
written on the y-axjs

[G6Graphs(B)Q2].

[
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| conjecture that Dorianne may have been prommtédcus on the data as depicted on the graph
because of Gina’s comment to the class: “When ysmudifferent colours, [look] how quickly
you can spot the data” and Gina’'s response diréotBarianne herself during the lesson: “From
your data, find, show me, tell me ..."”. After all, st@f the time, the girls were finding solutions

directly from the graph rather than from any presig given information.

A second point of interest regards the frequencysaf of the word and the pupils’ ability to

recall its meaning. In Section 8.3, | suggestedahaord which was used very little was unlikely
to be recalled by the pupils, and this was padityltrue for the Grade 3 pupils. In Grade 6, the
word data was not used very much over the week — 12 timethéyeacher and twice by the

pupils. Indeed, three of the pupils interviewed wlid recall the word, including Charmaine who
had asked the teacher what the word meant. Howwveg pupilglid in fact recall the word and

offered a meaning for it. This seems to suggedtttiea Grade 6 pupils may be able to recall
words more easily (that is, after less exposurthéowords) than their Grade 3 counterparts. If
this is the case, it may be particularly importammtwords to be used appropriately with older
pupils, since they might take a one-off statemeriig the intended meaning, even if it is not. |

will revisit the point later on in the chapter.

10.3 Further layers of meaning forgraphs

| would now like to reflect on what meaning Giniedrto share with her pupils beyond naming. |
will comment on three aspects related to ‘knowiggiphs: procedures for drawing and reading
graphs; the idea that a graph is a ‘picture’ ardavareness of similarity / differences between

graphs.

10.3.1 Reading graphs

Sometimes Gina modelled the drawing and readirey gfaph, which the girls then copied. On
other occasions, the girls worked the exerciseoauheir own in class or at home and this was
then followed by a class correction. Since eacle typgraph required a different method for
drawing and reading, | will not go into detail redjag Gina’s instructions or modelling, but
suffice it to say that Gina was consistent in Imstructions for the respective graphs and during
the interviews, the girls were able to explain Howdraw and read off the graphs in order to find
the solutions to the questions asked. When | agtkedjirls to ‘tell me about’ a graph, they
explained the procedures for creating the graph/amdfor finding required solutions to the

guestions. The following excerpts are illustrations
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(I have asked Stefania to tell me about graphs.Halseopened her copybook

on a page showing a bar graph

Stefania: Here are the months, you write them outthie Xx-axis
(touches x-axjs And on the y-axis there are the marks. In
January a boy got 40 markeiches the 40 shown on the y-
axig). And then in February he got 30. And in March he
improved and he got over 80 (...) Then, in the mah#t
he, em improved much it was March.

[G6Graphs(B)Q2]

(I have asked Claudette and Rachel to tell me songetibout ‘these’ sort of

graphs, while indicating a line graph on their coppk

Rachel: You mark like thatquches small plotted dots on her graph
You just put a dot, to mark all of them [given gsin and
then you do a straight line upon them.

[G6Graphs(A) Q2]

(I point to a diagram of a pie chart drawn in theopybooks and ask them to
tell me about it).

Charmaine: He tells you for example “How many ... howch time did
the children spend sleeping? You see how many, hany
pieces there is over ... and for example, he telistgodo it
in a fraction. You have threedqunts the marked out sectipns
three on eight, ‘cause here you have three pigubgight all
of them.

[G6Graphs6(C) Q2]

| concluded that the girls were successful in fe@ahow to draw and read the various graphs
(although it must be said that the girls probalitgady knew how to draw and read bar graphs
and may have had previous experience of pie ch&tgying and reading graphs contributes to
pupils’ knowledge of the topic in the sense thatftimction of a graph as a source of information

is appreciated.
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10.3.2 Graphs as pictures

One idea that Gina liked to repeat was that ‘afyiapa picture’. The following two excerpts

illustrate this point:

(The class has drawn their first bar graph for theek depicting birthday

across the months

Teacher: We have talked about our birthdays andawe DRAWN
them. Which is the EASIEST way to get a quicker
information? Having them listed down or havingntgraph

form?

Federica: In graph form.

Pupils: Graph.

Teacher: Sa what is the use of a graph?

Federica: To make it easier.

Pupil 1: To showigaudible.

Pupil 2: Simplify.

Teacher: Yes, to SIMPLIFY, to GROUP and picture &tle
information you can have.

(-.))

Claudette: It's smarter, because if you draw atcy@u can draw, and if
you have just this ...gesture off camera, possibly Claudette
is referring to the written daja

Teacher: Right! This is more attractivédifches bar graph drawn on
the board.

[G6Graphs1minue68]

(The class is correcting a straight-line graph tkiay had done for homework.

One question required the graph to be extendedetony that not all pupils

did, since the scale they had used did not alle@mtito. These pupils either left

the question out or found the solution — 3 ¥2 Kty -simple proportion

Teacher: Those of us [you] who had space [on thpykmmoks] will
realise that it is true [that the answer is] thmad a half kilos.
Sa (...) the teachemwas right yesterday when she said’A
graph is a picture way of working out sums”.

[G6Graphs3minute71]

The idea that a graph is a picture appeared tonbeobthe key meanings that Gina wished to
share. The meaning here is a metaphoric one isghge that a name is applied to an object to
which it is not literally applicable (Allen, 1990n the previous chapter, | dealt with the idea of
metaphor in the sense that items such as monskittke points etc. can be utilised in a reference
context to provide support that is crucial for urstiending a mathematical idea. However, |

consider that the statement ‘a graph IS a pictirdde a different type of metaphor, one that
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Pimm (1987) called an ‘extra-mathematical’ metapbiowhat Nolder (1991) referred to as a

pedagogic metaphor.

In Chapter 9 | argued that what is relevant to, aayonster picture can be indicated through the
accompanying language. In the case of a metapstatiement such as ‘is a picture’, the meaning
is expressed through language alone and consist®afomains: the ‘tenor’, in this case a graph
and the ‘vehicle’, in this case a picture (Presnmi®§,7, p.269). However, the analogy refers only
to someelements of the two domains. As explained by Pegsiivid), the similar elements
constitute the ‘ground’ of the comparison, while thissimilar elements constitute the ‘tension’.
The key common ground between graphs and pictsitbe iidea of diagrammatic representation.
Other commonalities | note are: (a) for the mosidblock graph where the scale is 1:1, the one-
to-one correspondence can be likened to a pictarerdof a real life situation were say, a girl in
a picture represents one real girl, two trees sgmtetwo real trees and so on; (b) children may
colour a block or bar graph, and this colour eletnegy also be common to a (coloured) picture;
this seemed to be the idea of ‘attractivenesstatiuto in the classroom and many of the graphs

were coloured; (c) a graph substitutes or complésngriting, as does a picture in a story.

On the other hand, | can identify tensions betwendomains as follows: (a) line-graphs are
often not coloured; (b) drawing and plotting graphexpected to be done precisely and within
standard conventions, while pictures are drawnlyfreendeed, idiosyncratic representation is
often encouraged within the discipline of art;i(dgrpretation of a graph is often delimited, but a

picture can prompt a variety of interpretationspaivhich may be considered valid.

The ground and tension aspects of the metaphor natrmade explicit by Gina, and | felt that
she focused mainly on the common idea of diagramnmapresentation and the features of

complementarity / alternative and attractivenessleéd, the pupils’ explanations centred on

these ideas:

Claudette: The bar line graph (sicls sort of .. instead of writing, em
justwriting the words, we make agraph,that looks more
attractive, and simpler. It's more pleasing to theeye

[G6Graphs(A)Q1]

Dorianne: Instead of readinmpdicates lined side of copybgopkve look
at the picture and it, it show you /

Stefania: Because you're not going to remember anything in yo
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head. So you draw ... it gives you thanswers

Dorianne: It shows you the writing. The writingtiige picture uns her
hand across facing copybook pages — lined and sgar

[G6Graphs(B)Q5]

Josephine: [The teacher said it's a picture way to work out sms] so
that we’ll study off. Because if we see it, we camagine it
better.

[G6Graphs(C)Q5]

Hence, | believe that Gina was successful in whatvgished to convey, although | suggest that

more reflection on the metaphor could have beefuligeextend meaning.

If 1 apply the triadic semiotic model to illustratiee meaning of graph in the sense of a picture,
the reference context is language itself. | capteate gparticular picture as a reference context,
since the statement ‘a graph is a picture’ is ganérhe interpretation ideally includes a

combination of elements of the ground and the ¢endihis is illustrated in Figure 10.3:

Sign

Reference conte

“is a picture”

\ Meaning /

Notions Notions
Related Related
To To

‘ground’ ‘tension’

Figure 10.3. A meaning for a graph as a picture

Obviously, a basic requirement is being familiathvihe wordpicture.| believe the Grade 6 girls
were in fact familiar with the word, but generadlgeaking, a vehicle which mot familiar could

lead to what Nolder (1991) called a pedagogic tBsaghis is important to keep in mind for any
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classroom, and needs particular care in an immersiassroom. Finally, | suggest that an
interesting question to investigate - but one Liw@nnot answer within the scope of my project -
is whether a teacher in an immersion classroom tnaighid pedagogic metaphor or, on the other

hand, make more use of this linguistic aid.

10.3.3 Similarities and differences between graphs

Just as Gina focused on some of the common groetwkebn domains involved in the ‘picture’
metaphor, she also focused on the common graithéh the domain of mathematics, that is, she
tended to focus on what was common for all theethygpes of graphs tackled and not the

differences.

First of all, Gina used the metaphor of ‘picturer &ll graphs, and this may have implied a
similarity between the various types. Secondly,aGitered a couple of statements that may
have emphasised similarity. The first instancenf tvas when, on Gina’s instructions, the pupils

had represented that following data on a bar graph:

Number of books 1 2 3 4 5 6
Cost 2 4 6 8 10 12

Figure 10.4. Data for a straight-line graph writteipupils’ copybooks

Gina then said:

What can be done in a block graph, can be done esinva line graph.
[G6Graphs2minute88].
The class went on to draw their first line grapimgghis same data. | suggest that this may have
given the impression that both types of graphssesme the same purpose, that is, either can be
used to represent some given information. The attaement highlighting similarity was the

following:

[The pie chart] is a graph like the other graphs,ib a circular way. It doesn’t

have axes. [G6Graphs4minuteCHECK 114]
A third interesting point is that several (thougbt ll) pupils in the class had the habit of
colouring beneath the slope on a straight-line ly@pshown in Figure10.5, usually using a 1cm
width as they had done for bar graphs, that is,necessarily related to the actual scale being

used on the x-axis (here the diagram is reprodurcblhck-and-white and reduced in size):
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Figure 10.5. Sample of a pupil’s line graph

| cannot say what prompted them to do this; perloaesor two pupils started using colour and
the others followed. Gina had certainly never enaged the habit explicitly, and once even told

the girls that it was not necessary. When | aslkegdhout it, she replied:

Gina: | DID try to emphasise that there is no nedolour. But they felt that it
was easier (...) so | let them. [G6GinaGraphs(2)6e].

When | asked the interviewed girls about why thegdicolour in this way, they generally
remarked that they ‘could understand the graphsmb@then they did. | concluded that what was
‘easier’ was following particular vertical linesathl think perhaps stood out more clearly because
of the colour divisions. | suggest that the cologrivas yet another element that promoted the

idea of similarity between block and line graphegaduse they were rendered perceptually more
similar.

Later, the element of similarity was echoed bygbpils. | asked them what all the graphs had in
common and why they were different:

Claudette: They're all graphs,for example, you put thisdatainto a
pie chart (eferring to a pie chart example on her copybook
But I can put this data into abar, line graphoo.

I: Why are they different? Why do all three types?

Rachel: For example, this is round(indicates the pie chart in the
copybool, it's shapés round. This one has barflips pages
of copybook to show a bar gragplAnd this one [hag lines
(shows a line graph

[G6Graphs (A)Q4]

192



Dorianne: They all (...)represent what you've done in the day(She
indicates a pie-chart showing distribution of aittes over a
day) Because even for this one, for exampleou can also
make agraph,em block graphpecause they've got sort of
the same. You can represent them in &lock graph,n a
line graph, bar graph.

Stefania: | don't think those are any different. The only thing is
that the pie chartis different because it is round. But the
line graphand the bar graphdon’'t have much that is
different. The only thing that's different is that the bar
graphis with blocks,and the line chartyou do theline, you
don’t build it.

[G6Graphs (B)Q4]

The two teacher-statements regarding similaritytepigoreviously were the only two such

statements suggesting graphs were the ‘same’ am Istruck once more by how two isolated
statements (perhaps however, coupled with thermgichetaphor common to all graphs, and the
lack of discussion of anglifferencebetween the graphs) appeared to have an impadteon t

pupils’ expression of meaning.

The three types of graphs are different in the esé¢imat each is useful to depict a particular type
of data, but it is interesting to note that anyed#nces between the graphs were expressed by the
girls in terms of perceptual elements (‘round’,shaars’, ‘has axes’ etc). This is perhaps not
surprising since the names of the graphs owe tiagires to what is perceptually evident. So, for
example, the line representing a relationship 8ma graph’ can be seen, as can the ‘bars’ on a
bar graph (I noted through the interviews thatghis were well aware of the interchangeability

of the wordsbar/block graphpossibly through previous experience). The pduadlements of

the bar / line graphs had in fact been emphasig&ira as illustrated in the following excerpts:

(The class is discussing a graph to show birthdaysough discussion, both

teacher and pupils have prepared the axes on thedbaccopybooks.

Teacher: [This is] A block graph because we arddimg in blocks.
January, one childd(aws a bar | unit higj)y February, one
child (draws a bar 1 unit high March, three childrerdfaws
a bar 3 units high..

[G6Graphs1minute46]

(The teacher is explaining to the class how to plthe graph on the board.

She has plotted some points, marking them wittsegos

Teacher: [For] the line graph, we join the poims as you notice, we
get a straight ling@ins the crosses on the bogahd there’s
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your line graph!
[G6Graphs2minute106]

Perceptual elements of a pie chart were emphatisedgh the use of imagery where the pie

chart was imagined to be a round pie. This imagesynpted an animated discussion as follows:

(The teacher is conducting a quick revision of ty@es of graph they have
tackled up to now. The pupils have recalled bampys offered block graph
as ‘the same’ thing and also mentioned line graphs)

Teacher: Is there another type of graph?
Claudette: Pie chart!
Teacher: Pie chart. What is a pie?
Pupils: Giggle).
Pupil 1: The circle graph!
Teacher: Somebody mentioned the pie chart. Didwgau of a pie?
Pupils: Yes!
Teacher: | can imagine an apple pie ... a lemon pia meat pie ... a
very good meat pie ...
Pupils: Aaaah!
(-.))
Teacher: Can you imagine a pie graph?
Claudette: Like this, Miss!Glaudette indicates a pie chart printed on
the handout on her desk)
et
4 DRINKS
PRESENT
FOR
MOTHER |}~
//
SWEETS BUS
FARES,
J/
(-.))
Teacher: Ihstructs the girls to look at the diagram on theandouy.
What does it remind you of?
Pupils: A pie.
Teacher: It reminds me of a cake!
Clare: It reminds me of hungry!
(-.))
Pupil 2: A circle.
Claudette: A clock.
[G6Graphs4minute111]
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The pie chart was set as a homework task and weected the following day. Gina started off
the correction by sketching the diagram shown gufé 10.6 on the board and asking the girls:
“This is in the form of ... what?” [G6Graphs5minuté74

Figure 10.6. Whiteboard sketch of pie chart

The girls answered by offering various images, sgaly finding the activity amusing: a clock,
a moneybox, a cake, a circle, a frog, a pin-cuslaioa a prickly-pear leaf. It was with some
effort that Gina moved the girls away from thesmsgncratic images to focus on the 12

subdivisions as fractions of the total amount oheo

Perceptual elements may be useful to help meminizas implied by Rachel and Claudette:

Rachel: We call them that because we understand them bettelf
you tell me a different name, I'm certainly not gong to
take any notice. [Block graphsare called thaf because
they're like blocks.

Claudette: They're like bars.

Rachel: And a line graphbecause [it's] aline!
Claudette: nd] pie graphbecause you think it's apie!
[G6Graphs(A)Q4]

However, an important idea regarding the differendmtween the graph types is the
appropriateness for the type of data that theyuaesl to represent. As already pointed out, the
girls seemed to think that any graph could be dieedny type of data. Since they were guided
by the teacher or the textbook regarding which lyrap draw, | did not observe the pupils
actually take decisions about which of the thresplgs they should draw for collected or given
data. Hence, they did not have the opportunityefeet on the appropriateness of each and on
the ‘difference’ between one type of representatind another. This awareness is an important
aspect for developing a meaning for graphs. Thimadh Gina appeared to be successful in

getting the girls to practise drawing and readiffggoaphs, | noted that throughout the week
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there was an emphasis on the perceptual differari¢he graphs. | conjecture that this may have
been encouraged by the close association of the mdrthe graph with its features, the time
spent on drawing the graphs and the imagery offefed appreciation of why they are

‘mathematically’ different may require more expliconsideration of the data in question and

goes beyond what is immediately evident.

10.4 Verbs related to graphs

For the topic ‘Graphs’, | identified two verbt plot andto drop [a perpendicular] | will

discuss each in turn.

10.4.1To plot

In Gina’s language, pie charts were ‘drawn’ butklbar and straight-line graphs were ‘plotted’.
The wordplot was used in a variety of ways. In the first ext&glow, Gina used the woplot
at an early stage of the construction of a grapti,the meaning implied in the joint conversation

between the teacher and the pupils appeared sddesomething to the diagram’:

(This is the introductory discussion about graphise Tlass has established
that to draw a graph they need squared paper am$.akhe teacher has drawn
vertical and horizontal lines on the board

Teacher: Now can we draw our graph?

Pupils: Yes!

Teacher: First of all, what are we going to plot?

Pupil 1: How many lines we need. [referring to howany
centimetres they need to mark on yrexis].

Katia: The y-axis,you do that from oneto twelve.

[G6Graphs1iminutell]

In the following excerpt, what was added in wasigalforx:

(The class is focusing on a textbook exercise whata given in a table
indicates a baby’s increasing weight from birth1i® weeks. The teacher has
sketched the axes on the board).

Teacher: How am | going to plot these? [referriogiivenx values]
(Runs hand along horizontal line on the bgar@/here is
your ‘birth’?

[G6Graphs5minute51]

On several occasions the wqidt seemed to mean ‘draw’ or ‘create part/all of tregb’:
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(The teacher refers the pupils to a textbook diagadma bar graph showing
hours of sunshine over the months

Teacher: Can you explain that picture? Dorianne?

Dorianne: That picture tells you that, em, in thenth of January, em,
hours of sunshine/

Teacher: Ihterrupts/ [Wait] a second. If you had to tell me what kind
of graph ... it is a block graph we’re plotting ... wha

Dorianne: We're pl ...gtop3.

Teacher: Plotting.

Dorianne: We're plotting the hours of sunshine.

[G6Graphs1minute114]

On one occasion Gina used the wplat in the sense of mapping out a relationship betviwen

variables. This was the first example of a lingobréo be carried out:

(The class is looking at a textbook example showingber of books and cost
in Maltese Liri [pounds]. This same data had alrgdzken shown on a block
graph).

Teacher: We are plotting the number of books agdies cost. (...)
one book is going to cost two pounds. So | lookthet
number 1 rites on x-axis and | go up one, two pounds
(draws a dotted line vertically upwards and marksrass at
(1,2) — See diagram beldpwThe same one we did in block,
we’re doing it in line graph. Two books cost fomupds, so
we go up ... and fourd¢aws a dotted line and cross.

The teacher goes around the class to monitor thg’ giork

as they copy the whiteboard work. Then goes back to
whiteboard. Let me plot mine. Three books, sirgws a
dotted line upwards, and ‘checks’ position of crdsg
drawing a faint horizontal line from y-axis towardke
right); four books, eight dotted line upwards, faint
horizontal line crosy; five books, tendotted line, horizontal
line, crosy; six ... (dotted line, cross — diagram getting out
of reach at this stageseven booksdptted line, crogs (At
this point one of the pupils stops her, telling lieat the
textbook showed only up to 6 bopk$he line graph, we join
points and we're supposed to get a straight liBbe(joins
the crosses as shown
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And there’s your line graph!
[G6Graphs2minute88 &94]

Although the uses of the wopdot in the class were varied, there was a consistemtesnt which
was the fact thgplotting always involved some contribution to the constarcof a bar or line
graph. Furthermore, the word was used in closeuoctipn with the actual drawing or writing
on the graphsPlot is one of the words for which | cannot state widntainty whether it was
familiar to the girls, although Charmaine and Josspclearly stated that it was new. The pupils

expressed similar meaningsraakinganddrawing as follows:

Rachel: To plot, like ‘to plot the graph’. To matke graph.
[G6Graphs(A) Q2]
Josephine: By ‘plot the graph’l understood you do it as a graph like

this (gestures a horizontal orientatifin
[G6Graphs(C) Q1]

Stefania: [Plotting is] like building ... to draw ..meto draw how
much they flicks through copyboqklike this {ndicates a
bar graph. You plot it /

Dorianne: You have the towers - They're like builglithe towers
(gestures placing one thing/block on anojhdéBut you're
drawing.

[G6Graphs(B) Q2]

| noted yet again that an idea that was mentiondg once was later recalled by a pupil:
Charmaine gave an interpretation of plotting aserding’ the graph, apparently recalling

Gina’s action for just one of the graphs (bookgjcas quoted previously.
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Charmaine: ‘Plot the graph’ [means] for examplke lthis fouches the
copybook page First you had till the number six, till here
(touches the 6 on the x-axi¥ou do it until the twelve. Then
he tells you ‘plot the graph’ and you have to cmmi it. For
example, seven to fourteen, eight to sixteeacl time
touches the axes where each number is wjitten
[G6Graphs(C)Q2]

None of the girls talked aboptotting in the sense of representing a relationship, ameliéve
that the general use of the word in the senskading/ creating/adding to a graptused in the
lessons obscured its specific meaning. As pointedy Halliday (1978), words within a register
are created to refer to specific notions; the waad is not simply an alternative for the more
informal draw or make but implies a relationship between two varialifest is defined by a
series of points. So for example, while Van de W#8004, p.393) uses the word ‘make’ in
relation to bar and ‘circle graphs’, on the othanth he talks about ‘plotting points’ on a line
graph (p.440). Similarly, Frobishest al (1999, p.282) talk about ‘plotting’ points when
representing a function. Hence, the wqbt is a good example of how the use of a
mathematical word can help to convey a very speniithematical meaning. Just as in Grade 3,
the use ofsharing and grouping in different situations can indicate a differenice the
relationship between the elements of a divisionasibn, so too, the differentiated use of the

wordsdraw andplot has the potential to indicate a difference betwigpes of graphs.

10.4.2.To drop a perpendicular

Gina used the expressidrop a perpendiculawhen she wished to find a corresponding value of
x for a given value off on a straight line graph. The expression was weays used in its
entirety. On seven occasions, the expression wasesied to ‘you drop’ and twice Gina used

‘perpendicular on its own. For example:
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(Gina has copied a straight line graph from a handonto the whiteboard,
using faint vertical and horizontal lines to guider sketch)

20

C\'_/S" Lm

The handout question now requires them to finattst of 1 and 3 chaiys

Teacher: One chafmarks a point half way between 0 and 2 on the
vertical axig. To find the cost, we move the lindrgws a
faint horizontal line starting at the marking tarahe slope.
Stops momentarily at the slgp&Vhere it meets, we drop
(draws a faint vertical line to meet the x-gxik is halfway
between zero and ten. So [the answer is] five.

(The teacher now explains agpirOne chair fflaces her

finger at 1 on the y-axis move to the linenjoves finger

along the faint horizontal line she has just drawwhere

you meet the line, drop a perpendiculamoges finger

downwards along the vertical line down to the xspxtive.
[G6Graphs2minute120]

During the interview, Rachel and Claudette did spmcify whether the expression was new or
not, although the other four stated clearly thaythad not known it before. When | asked the
girls about the meaning of the expression, Claadetid Rachel offered a joint explanation as

follows:
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Rachel: Flips through her copybook to a page showing a graph
that depicted time in weeks (x-axis) and baby’sghtein
kilos (y-axis)) For example, you want to know between the
four-and—a-half and the fivéo{uches the y-axis of the grgph
And let's say, there were six children (sic) andrbps till
here, for example the lingo(iches x-axjs And you ‘drop a
perpendicular’, like a boxréferring to the ‘rectangle’
created by the horizontal and vertical dotted ljnes

I: Hmm, | see. What do you think Claudette?

Claudette: To go directly down, vertical.

I: So what does the word perpendicular mean?
Rachel: [ooks at Claudet)e

Claudette: Vertical.

[G6Graphs(A)Q2]

| suggest that through the worgeu drop, Claudette and Rachel had got the sense of a

downward direction and in the Maltese explanati@ytstated:

Rachel: You go down ... that falls[Rachel did not specify what
‘that’ refers to].

Claudette: A vertical line falls.

[G6Graphs(C)Q1]

It is interesting to note that the girls transladedp a perpendiculaas ‘you go down’ and ‘a line
falls’. Both phrases are grammatically and epistegically different to saying ‘drop a
perpendicular which is the more usual way of usthg expression as part of the English
mathematics register. Thus, this is another vanati expression that | can add to those outlined
in Table 7.3.

None of the other pupils were able to offer an amption. Dorianne recalled hearing the
expression but could not remember what it meantiiewthe other three pupils had no
recollection of it ever being used. During the ¢ess | had noted that all the class drew the lines
appropriately and hence have evidence that the gwild ‘match’ correspondingandy values.
The point here is that the girls could not giveeaplanation of thexpressiorwhen asked. | will
explore why this may have been so, given that @iaa very much aware that this expression
had been new to her class.

Reflecting on the classroom interaction | noted tha expression was not used at all by the
pupils. As discussed in Chapter 7, the Grade Gclag girls ‘got away’ with using informal

language. So for example, a direct reference tadiee was when a pupil said “And then you go
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down” [G6Graphs3minute4] or when Federica sdiké this” using gestures to indicate the
necessary orientations [G6Graphs3minute65]. Eveinglthe interviews, the girls could explain
the procedure of matching values, but without ushey expressiodrop a perpendicularFor

example:

(I have opened Dorianne’s copybook on a page showisgaight-line graph

and asked the girls to talk about those type oplsa The graph shows the

relationship between weight of sugar (x-axis) arabtcin cents (y-axis).

Dorianne is explaining how to read the graph in@rdb find how much sugar

one can buy with 35c).

Dorianne: For example, [to answer the question]WwHauch can you
buy with thirty-five cents?” You go to the thirfivze cents
(indicates the point on the y-axisyou do a line not be
mistake, ‘cause you can mistake. You do a lges{ures a
horizontal ling em, but the line stop herendicates where
the horizontal line she had drawn met the plottege. So |
go down and | say “Which one is here®uches x-axjs So
this is one-and-one-halinflicates the point marked 1% on x-
axi9), this is two indicates the point marked 2 on x-gxasd
between there is one and three fourths. So yowugrone
and three fourths kilogramme of sugar.

[G6Graphs(B)Q2]

However, the lack of use on the pupils’ part dutiing lessons does not offer a full explanation
of why the girls did not recall the meaning of #wpression: there were many words that the

pupils in both Grades hardly used and for whicly t@uld in fact offer appropriate explanations.

A possible reason may have been that Gina hergetfal use the expression very much. It was
only used in full 7 times and only to match a ywealvith an x-value. Different language was

used when an x-value had to be matched to a y-vatreexample:

(There is a graph drawn on the board showing the absil per litre The girls

are to find the cost of 2.75litres of )il

Teacher: We go up in a bold dotted limkeafvs a vertical dotted line
starting at 2.75 L on the x-axis until it reache slopg and
then you read it off in centst{e moves her hand horizontally
to the left to meet the y-ax@nd your answer should be...?

Pupils: Fifty-five cents.

[G6Graphs3minute22]

However, as already discussed, | have some evidénateinfrequent use of a word did not
appear to be such an influential factor as it heehlfor the younger pupils, so this again might

not offer a full explanation.
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Therefore, | would like to suggest that part of th#ficulty in the expression being ‘glued’
(Hewitt, 2001) to the action of drawing a line beem the slope and theaxis may lie in the
nature of the expression itself, which incorporatesnotion of perpendicularity and the action of

purposeful dropping which in this case requires-mterpretation from its everyday meaning.

The wordperpendicularsuggests a relative orientation between two laresa meaning can be
illustrated as follows:

Sigr
Reference context

Perpendicular

\ Meaning /

Two lines at 90°

Figure 10.7. A meaning for perpendicularity

Gina did not focus on the general property of pedpmilarity. It is interesting to note that
perpendicularis one of those words that can be used as batbpenty (adjective) and an object
(noun) just like the exampldiagonaloffered by Pimm (1987) but in the Grade 6 classroihe
word was used as a noun. The meaning dppgrpendicularthat Gina appeared to convey to
Claudette was that of an alternative faregtical line(the wordvertical had previously been used
to describe the orientation of tlgeaxis, and the girls seemed familiar with the wofgipce the
girls modelled the downward dotted line drawn by&iand used it appropriately to find the
required solution, it was not necessary for thenfutly appreciate the expression being used.
The vertical line drawn along the copybook linegagls met thex-axis at 90, so the girls did not
actually need to consider degrees or orientati@anl contrast this situation with other possible
ones, illustrated in Figure 10.8, where it is mion@ortant to appreciate the significance of the

expression in order to construct appropriate lines:
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Figure 10.8 a&b. Dropping a perpendicular in a gemyncontext.

With regard to the action afroppingl note that this is an example of a word thatdasferent
meaning across everyday and mathematical cont@xt&in and Shire (1991) explain that this
characteristic, known as polysemy (different buateel meanings), is common among spatial
terms (see Section 3.4). Hatwppingis not the everyday action of letting somethingttathe
floor, but rather, it refers to drawing a line irparticular orientation with respect to anothér. |
the base line is horizontal as it would be wherwdr@n a whiteboard, then the direction is
actually downwards. Even when drawn on a copybdddgpping’ may still be considered
‘vertical’. However, if the base line is not honzal then the orientation of the perpendicular is
not vertically downwards, in which case a new iptetation needs to be given to the veab
drop.

As part of the mathematics register, the expresdiop a perpendiculais a style of meaning
whereby different elements are combined to giveva meaning (Halliday, 1978). The combined

meaning can be depicted as shown in Figure 10.9:

Reference conte Sigr

Drop a

perpendicular

\ Meaning /

The creation of a 90°
angle by joining a given
point to a (possibly
extended) base line.

Figure 10.9. A meaning for the expression dropragyalicular
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As in the case of the picture metaphor, Gina ditd specifically focus on the similarity and
dissimilarity between the everyday word and thehmaatical application. The complexity of
the interpretation of the expression, together with fact that the pupils did not actually ‘need’
to know the expression, as long as they could cautythe necessary action, may explain why
four of the pupils were not able to offer an explaon. | suggest that the sharing of meaning of
an expression such dsop a perpendicularequires explicit attention to be given to eaclthef
separate elemenénd their combination. Hence, this renders the vediffarent type of verb to

multiply, divide, share group or plot.

As with other issues that | have discussed reggrcieaning, this is one that applies to all
classrooms, but once again, may need particulantaih in an immersion classroom, since

knowledge of the everyday wodiop may be harder to assume.

10.5 Expressing relationships/conceptscaleand representing

A key relationship expressed during the week wasdhscale and representation and the words
were used in close conjunction with each other.a@very bar or line graph drawn the girls wrote
down two scales, one for the y-axis, and anothethi® x-axis. In the latter case, the scale was
used even for bar graphs, where it referred - irgppately - to the width of the bars (“1cm

represents 1 student”). Gina first used the weplesentwith respect to the ‘birthdays’ graph:

(The class has been discussing how many birthdays there in the class per

month of the year. The frequencies are writtenhenidoard. The teacher has

prepared the axes on the board and the class Hablehed that on the x-axis

bars will be 1cm wide. The teacher says that thgiswas ‘easy’, but now they

need to take some decisians)

Teacher: We look at our groups — we have one fagtHfor January],
one [for February], three [March], three [April].and the
highest number is what?

Pupils: Four.

Teacher: Four. So we need only four spaces.

(-...)

Teacher: Now, if we use one box to represent oild ch can we do
that?

Federica: Yes.

Clare: But it will be too small.

(...)

Teacher: Somebody said it would be too small. Satwan we do?

Pupil 1: Two centimetres, one child.

Teacher: And we get how many boxes in all?

Pupils 1 & 2: Eight.
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Teacher: Eight. Can we afford more?

Clare: Yes. Three centimetres.

Pupil 3: Yes Miss. Twelve.

Teacher: Shall we have three? Do you prefer to liane= boxes for
one child?

Pupils: Yes.

Pupil 4: It's better [to usg one box, Miss.

Pupil 5: No, two.

Federica: It's too small.

Pupils: Three / Four.

Teacher: Let's go midway. Let's say two centimetregresents one

child. So, y-axis: two centimetres represents ohéd.c
(writes on board

Y axLs 2em VEp. ONE chilo

Pupils: The pupils copy what the teacher has drawn /writierthe
board into their copybooks
[G6Graphs1minute35]

The word scale then started being used the following day. Writthg scale (“y-axis 1cm
represents ...” etc.) was an essential part of egexgh block and line graph drawn, with Gina

emphasising the consequence of using differengéscal

(The teacher is showing up two copybooks as illtistra of two different ways

of drawing the graph the girls had to do as homégvor

Teacher: They are both right. In one case, oneimetie is
representing two marks. In the other case, onangetie is
representing one mark. (...) The difference is ire Snly,
but the results eventually will come out the saiiifee only
difference is THIS is clearein@dicates the graph with the
larger scalg, perhaps because it's bigger, while this is on a
smaller scale dpens thumb and finger about 10cm apart

[G6Graphs2minute10]

During the interviews, three of the pupils had ®sjgd that the wordepresenandscalewere
new to Grade 6. Dorianne stated thepresentwas new to her, but she had knoscale
previously. Claudette and Rachel did not speclfigabint out whether the words were new or
not. Whatever the previous level of familiarity,appeared that all the pupils came to share

similar meanings. For example:
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Rachel: Well, if the chart of the graph is big, yean do it a bit small
like ... for example, if it's like till hundred ... let say it’s till
thirty and you don’t have thirty boxes heréouches
copybook page so we can do it till twentfor example.

Claudette: You put it to scale.
I: What does it mean ‘to put it to scale'?
Claudette: For example the teacher told us really &8n decide. We

can do one box for twenty children and we can doOT'W
boxes for twenty children.

Rachel: It depends how we like it ... scale, it cardifferent, but the
working it has to be the same.

(-.))

Rachel: Scale is thapgints to written work on the lined page e.g. x-
axis 2cm =1 chilgd

[G6Graphs(A)Q2]

I: What can you tell me about scale?

Charmaine: To represent. (..ihdicates a block graph showing number
of boxes of apples on the y-gxis the y-axis we have one
centimetre representing one box [of apples].

(...)
Josephine: [Scale is] you say the box how manyhawe to do.
[G6Graphs(C) Q2]

It seemed that the chains of meaning at play wer®lbws: representamplied a relationship
between multiples and familiar notions suchnzerks centimetres Depicted on an axis, these

constituted a reference context (Figure 10.10).
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Reference context Sign

represent

«—>
“cm, marks etc.”
Meaning /
One-to-
many /

Figure 10.10. A meaning foepresent

The wordscale was then used as a ‘name’ for the statement esipgeshe relationship of

representation:

“y axis lcm represents
5 marks” scale

Figure 10.11Scaleas a reference to particular statements.

| concluded that Gina was successful in sharingrieaning of the relationship. This may have
been a result of frequent use in the classroomdily the teacher and the pupils and of the

perceptually obvious ‘effect’ of scale.

10.6 Conclusion

For the topic ‘Graphs’ | concluded that in a similay to ‘Multiplication and Division’ words, it
was easy to share the meaning of a word if thigeplaa referential role. These included the
wordsgraph block graph, line grapfpie graph x- andy-axis On the other hand, the woddta
appeared to mean any writing related to the diaglaam not sure if this was Gina's own
meaning for the wordata, but the situation suggested to me that when vghaging referred to
is not immediately perceived or experienced (thiks giid not collect data themselves and only

one table of data was given) it becomes hardeérdmesa meaning for a word.
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Language alone was used in the sharing of the mganfigraphs as ‘pictures’, which offered a
metaphoric meaning for the graphs. The use ofdagmgic metaphor was a new element to the
topic of ‘Graphs’ and one not found in the topiculMplication and Division’. | reflected on
how the interpretation of such a metaphor ideatyires an appreciation of elements related to
the ground and the tension between the domaingydiat that Gina did not focus explicitly on
these. | conjectured that this metaphor, which s@®mon to all the three types of graphs
tackled, encouraged the pupils to view graphsraiasi rather than different. Similarity was also
implied in two of the teacher’s statements and ipysby the fact that many of the girls coloured
the area beneath a straight-line graph just as wwyd the bars of a bar graph. Differences
between the graphs were identified by the girleeims of perceptual aspects and | suggest that
this was a result of the names of the graphs theesethe emphasis on the drawing of the
graphs and the imagery invoked during the lessW@ftsle appreciating similarities between
graphs is useful, | believe that focusing on th#erknces is also an important part of

understanding this topic.

Some mathematical words are verbs. For the Gradpi@‘Multiplication and Division’, | noted
that the pupils did not seem to appreciate theewifice betweesharing and grouping as
division, because the actions to which the wordsrred to were not clear. In the case of Grade
6, the action oplotting was clear, but generalised to meaake/ draw / add to diagram Its
specific mathematical meaning with respect to amgrout points depicting some relationship
between two variables was not brought out by tlaeher;plotting is a ‘more mathematical’
word thansharingandgroupingin the sense that its application is more commonhat | might
refer to as ‘mathematical contexts’ than in eveyydiaes. Hence, attention may need to be given
to sharing its meaning as part of the mathematigister. The same can be said of the expression
dropping a perpendicularwhich involves a reinterpretation of the vedsopping from its
everyday meaning, and recognition of perpendiaylaGina appeared to assume that the girls
would follow what she meant if she accompaniedwbeds by gestures, which in fact they did.
However, four of the pupils had no recollectiontiodé expression itself. It seemed to me that
during the lessons the girls could get by, not omithout using the language themselves, but

also without focusing on the language that desdribe action.

A key concept for this topic was the relationshipscale and representation. Both ideas were
successfully shared with the pupils, possibly beeaaf the frequent use, their ‘necessity’ given
the task at hand and the obvious effect scale madhe size of the pupils’ graphs. The
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development of this concept involved a semiotik Ibetween a feature of the diagram and
familiar words such as ‘big’, ‘centimetre’ and so, ¢that lent support to the meaning of the word
represengs a ‘one to one’ ‘one to many’ or ‘many to ondatienship.Scalethen referred to the
explicit stating of this relationship. Since thenkli appeared clear, this idea was shared
successfully as had a meaning fiaultiplicationin Grade 3. However, | also noted that the idea
of scale was extended unnecessarily beyond itsailyriecccepted meaning, to refer to the width

of the bars on a bar graph.

One point that came to light was that it seemet tthea Grade 6 girls were more successful in
recalling a word or statement that was used littielike their Grade 3 counterparts. The
pedagogic implication here is that two-fold: first all it may be necessary to use new
mathematical vocabulary relatively more with youngepils, and secondly that care should be
taken when offering a statement to older pupilscesisome individuals may very well take this

statement to be the intended meaning to be shewed,if it is not.

My examination of expression of meaning in the gland during the interviews, highlights the
complexity of using and understanding language iwithathematics classrooms. | appreciate
that it is very difficult in practice for a teachermaintain a level of self-awareness suggested by
the detail of the present written analysis, howewsraim is to draw out some general key points
that can offer guidance for the use and developnoénmnathematical vocabulary. As for
‘Multiplication and Division’, | noted that many a@he points are applicable to ‘any’ classroom,
although, of course, | cannot exclude the possibihat clarity was hindered because of the
obligation to use English. That is, it is possiblalthough | have no way of knowing — that

points may have been rendered more clear had Giea the lesson in Mixed Maltese English.

As | reflected on this topic, | continued to remajpen to other features of word use, other than
clarity, that appeared to help or hinder sharingnefining. However, no other feature became
evident apart from frequency that | have alreadcuised. | will now consider the last topic

‘Length’ for both Grade 3 and 6. My discussions| weinforce ideas already presented and add

new elements for reflection.
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CHAPTER 11

The Topic ‘Length’ and the Notion of Significance

11.1 Introduction

In this chapter, | discuss the topic ‘Length’ awis taught in both Grades. The work carried out
during the weeks is summarised in Table 11.1:

Grade 3 Grade 6
(5 lessons of average duration 50 (8 lessons of average duration 97
minutes) minutes)
1 Using the measuring tape to measure| Discussion about non-standard units,
various items. including some practical measuring

with body parts.

2 Measuring pupils’ heights; fractional | Unit conversions with centimetres apd
parts of the metre; relationship | millimetres.
between metres and kilometres.

3 Practical activities involving As above, and also conversions
estimation; using a ruler to draw | involving metres and centimetres;
straight lines of given lengths. measuring pupils’ height.

4 Unit conversions such as The kilometre unit; conversions km|/
2m50cm = . m; measuring various parts of the

classroom (walls, windows etc).

5 Same as above and measuring lineg Finding the perimeter of polygons, |n
that formed part of a diagram of a | particular (rectangles, U- and L-shaped
space shuttle. figures). For example:

6 - Same as above.

7 - Various word problems dealing with

‘length’ situations.

8 - Same as above.

Table 11.1. Overview of the main activities of tbpic ‘Length’ for Grades 3 & 6
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In Grade 6, both Gina and the pupils agreed that af the work was similar to that of the
previous year's. Gina stated that all the wordsininterview list (see Table 8.1b) had already
been familiar to the girls. On the other hand, whevent through the list of words with the
Grade 6 pupils, all pupils admitted they did natatethe wordmetric while opinion varied
regarding the familiarity of the wordgpansandregular/ irregular. In Grade 3 there was more
that was new, with pupils suggesting that they baly been familiar with ideas dbnger,

shorter, centimetreandmetre with differing opinions given for the verheasure

| start my discussion by reflecting on clarity dherwise of particular words. For this topic, |
identified references, verbs, concepts and alsogepty. In order to avoid repetition of previous
discussions, | will not go into detail about alettvords as | did for the other topics, but offer
only a selection. | then present a collection ahfsof interest, including a reflection on the
potential use of translation for this topic. Figall introduce and discuss a third feature that

appeared to support sharing of meaning, a fedtatd tall ‘significance’.

11.2 Reflections on clarity of meaning
11.2.1 References and verbs

Words that were used as references in close asaarth the perceivable object they denoted
were rendered clear. An example of such a word peagneterin Grade 6. This was used to

refer to the boundary of a rectangle, and usuallynd@ by calculating (length + breadth) x 2 or
(length x 2) + (breadth x 2). The word was alsalusaefer to the boundary of U- and L-shaped
regions such as the one illustrated here:

Figure 11.1. U-shaped region considered in Grade 6

During the interviews, some pupils expressed megnfor the wordperimeterthat reflected

reference. For example:

Joanne: The outside of the shape.
Federica: Gestures a circular motion with her hand in the) air
[G6Length(A)Q2]
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With regards to verbs, the main one used in botissels waso measureln Grade 6, my
observations confirmed Gina’s and the pupils’ stegets that the word and the action it denoted
were already familiar to the pupils. On the othandh in Grade 3, not all pupils had known the
word previously, but | believe that its meaning weasdered clear by the carrying out of the
action on various occasions. The girls measuredesstully, and during the interviews, all of
them expressed an appropriate meaning for the Wil tended to translate it into the Maltese
kejjel or the loan-shifimmexerja. The Grade 6 girls also translatewasurewhen offering a
meaning. The link with the Maltese equivalents rhaye been possible because the Maltese
word was available to the children through expegsroutside the classroom. At no time did the

teachers themselves offer the translation.

11.2.2 Reference and concept: variations in the meimg of length and height

The wordlength can be used in different ways. It can serve aereergl word that refers to a
“measurement or extent from end to end” (Allen,@,92678); it can also be used in the sense of
a property of some object (“the length of a roatii)particular, it can refer more specifically to
one particular dimension of an object. In this seiitds customary to consider tHerigth’ to be

the greater of tw (or greatest of three) dimensions, idth as the shorter, and theightthe
vertical length. For example, | can talk aboutlérgth, width and height of a desk.

The wordswidth andheightwere used briefly in Grade 3, although as state@hapter 8, the

pupils did not recall them at all. Hence, | willctes on the words as used in Grade 6, where
generally the words were used as names for paatidimensions of a rectangular shape and /or
a desk. During the interviews, all the six pupilsrev able to use the words in this referential

sense:

Monica: This week we talked aboutlength and breadth.Em, the
sidesof the shapes [rectanglesind with those we can find
the perimeter. [G6Length(C)Q1]

However, an interesting and unexpected interpmetaby one of the pupils involved the

interchange of the name of the dimension height length. | will trace what | believe to be the

7 Strictly speaking, an investigative exercise mayire that the ‘length’ of say, a given rectangteviried until it is
actually shorter that the ‘width’, but it is commpractice to start by referring to the side whiliiginally longer
as the ‘length’.
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cause of this by explaining the development ofdlsgussion surrounding the dimensions. To
begin with, an interchangeability of the womlisith andbreadthwas suggested by Gina on more

than one occasion:

Teacher: \Vith reference to the dimensions of the classjodivie
called one the ‘length’ and one the ‘width’ or ‘hdth’, call
it what you like.

[G6Length2minutel12]

However, Gina also suggested tleaigthandwidth/breadthwere interchangeable as names:

(The class’ attention is focused on the rectangdésks.

Teacher: The LONGER side of an object we call tmegih. The
SHORTER side we give it another name They are both
lengths, but to distinguish which side we are tajkabout,
we call one being the ‘length’ and one being thaltiv, or
‘breadth’ ... If you decide that this is going to y@ur length
(touches one of the shorter sides of a pupils)dasé this is
going to be your widtht¢uches on of the longer side#
doesn’t matter (...) [but] you have to DISTINGUISH iaim
name you'’re going to give to what side.

[G6Length2minutel12]

Gina likened the interchangeability ieihgth andwidth to the girls’ own names which may be
different. She explained that two girls had theimoparticular names, for example Clare and
Charmaine, and what was important was to distifigaisarly which name you have chosen for
which girl. As she had done for the metaphor ‘gpbre a picture’, here too Gina appeared to
focus on the similarity of the analogy. Naming sidad girls allows reference, and both acts of
naming have a certain element of arbitrarinessteCtauld have been named Jennifer and the
reference wordgengthandwidth may have historically developed differently. Howewthere is

a difference in the analogy: Clare’s parents werapdetely free to name their daughter anything
they wished, and Clare — even once named - maysehode called ‘C.J." by her friends. On the
other hand, mathematical references - once egtallwithin a community - come to be used in
the same way by everyone to facilitate communicaffdnus, the interchangeability suggested by

Gina for the rectangles under consideration washagether appropriate.

The idea of interchangeability was reflected in tatha girls explained during the interviews. For
example:
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Katrina: Lengthis like this (indicates one of the shorter sides of the
coffee table in front of hgand breadthis like this (indicates
one of the longer sidgs

Celia: You can say for example that THIS islength (ndicates a
longer sid¢ and THIS is breadth ihdicates a shorter side
[G6Length(B)Q1]

Explanations like this were not surprising sinces is what Gina had suggested several times
during the lessons. However, what is of intereshas one of the pupils, Monica, also extended

the idea of interchange to the dimensitamgthandheight

Monica: We said that breadth and width are the s#mrey. And
length and height are the same thing too. (...) Thithe
length and the heighslie touches one of the longer sides of
the coffee table and this is the breadth and the width
(touches one of the shorter sijles

[G6Length(C)Q2]

Gina had not suggestéus interchangeability, so | wondered what had be&hisahe class that
may have influenced Monica’s expression of meaningentified two instances. One was a
word problem that the class had worked out usedvtire lengthinstead oheightin relation to

a building:

The length of one storey is 3.17 metres. In a higidern building there are 9
storeys. What is the height of this modern buil@dif@6Length7minute47]

Throughout the discussion of this story sum, Gisaduthe wordength instead ofheight

Another instance was when Gina explained that hewgls a special case of length:

Teacher: The teacher asked the class what they understoothéoy
word height).

Celia: [Height is] the, the length ... the length sbmething
standing up.

Clare: But Miss, you told us that it's length {ndear what ‘it’
refers to]. How can it be length and height?

(...)

Teacher: Height... it starts from the flogrofnts to the floox, it is
length as well - we're still measuring the lendttt instead
of being horizontal or flat, it goes up from thedt upwards.
You have to lift your head. Look up. We call thetdht.

[G6Lengthlminute30]
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It seemed that on these latter occasions, Gina thed/ordslength andheightin a ‘general’
sense, but she did not distinguish explicitly bemwaames for specific dimensions and general
spatial concepts. Monica may have confused theuses and this suggests that it is helpful for a

teacher to explicitly point out the different wagswvhich the wordengthmay be used.

11.2.3 Standard and non-standard units

A key part of learning about length includes thdirect comparison of two or more items
through a unit (Askew, 1998). Units link the gemerations of length with measurement, since
through the action of measuring, | can establisth $hy, the length of a table is 90cm long. The
units in use in Grade 3 were the metre, centimeind, kilometre, while millimetres were also
used in Grade 6. In Grade 6, all the units had lemiliar, while in Grade Xilometrewas new
and opinions regardingetre and centimetrevaried. The notion of a unit involves both spatial
and numerical ideas since a unit can be consideved two inter-related aspects: the ‘size’ of
the unit and its numerical relationship with othiits. The latter was rendered ‘clear’ through
listings in the pupils’ copybooks (Figure 11.2) @hd actual perceiving of the subdivisions on a

ruler or tape where possible.

Grade 3 Grade 6
(...)
1l = 1000cm 10Mmm = 1o
1 m = 100chnn 10cm = 100em
Va2 = 50Cm 100cm=— 1000
Ve = 25em 100cm= 1m
/5 e = S
(...)

Figure 11.2. Sample of pupils’ written notes foit wonversions.

Many exercises were carried out where pupils wepeeed to express a measurement using a
different unit, as in the examples ‘346cm = m cm’ (Grade 3) and ‘64mm = cm’
(Grade 6), and therefore the relationships andnamies were utilised frequently. Consequently,

during the interviews, all pupils appeared conftderworking with the numerical relationships.

216



On the other hand, appreciation of thiee of a unit requires experiences with a variety of
reference contexts which must, however, indicae l#ngth in question consistently. For
example, anetrelength may be indicated by placing two hands apgrshowing up a strip of

paper which is exactly 1 metre long, or by meansnafkings on a piece of wood. The word
metredoes not name the object perceived, but refeasparticular length that is represented by

the object. A semiotic representation of this isveh below, and this can be adapted for any unit:

Sign

Reference context

From here tc
here this

distanceetc. /
Meaning

A standarc
length

Figure 11.3. A semiotic model fanetre

The Grade 6 pupils were able to indicate metrejroetre and millimetre lengths easily, so | will
discuss Grade 3 experiences, since the units vesverrio the younger pupils. | noted that the
more experience the Grade 3 pupils had with pearggi@ unit in class, the more able they were
to later illustrate its size. So, for example, ¢frts had a lot of ‘experience’ with the centimetre
unit. First, Rose used her finger width as a refegea strategy that Haylock (2001) suggested is
helpful. The girls also had ample opportunity tokat representations of a centimetre length
since they often used their measuring tape or taleneasure things. During the interviews, the
pupils were generally successful in offering sigeaa explanation for @entimetre indicating the
approximate length in one way or another. On tlerobhand, the girls had less opportunity to
view the metre length, since they themselves didmeasure in metres. The unit size was first
identified when the girls were finding various I&mgon their measuring tapes (25cm, 35cm and
so on), holding the tape up as they did. When identified 100cm, their outstretched arm

position became the reference for the metre:

217



Teacher: Teacher opens her arms out wide, coping the gisture.
It's about one metre. About one hundred centimetres
[G3Lengthlminute35]

Further to this representation, one of the pupiisdia, suggested thane outstretched arm is
about half a metre, while the length from the elbdownwards, a quarter of a metre. Rose
appeared to consider these positions helpful, lradéstures were used a few times in the lesson
to lend meaning to the idea of a metre length éndractional parts. Rose also showed up a
metre ruler to indicate the metre length. During ititerviews, only three of the pupils were able
to indicate approximate metre lengths and | coreduthat although the size of the metre was
rendered clear in the classroom, less opporturtitiegsualize it may have had some impact on
some of the pupils’ ability to indicate it later.itWregard to the kilometre, | could not expect the
pupils to indicate the unit size directly, sincestis not practical. However, | will return to this
unit in Section 11.4.1.

My observations suggested that the more experigrec€rade 3 pupils had with a unit, the more
able they were to illustrate its size later. | n@tgarallel here with my argument that frequency of
word use aids recollection, and also note that bservation supports Blinko and Slater’s (1996,
p.iX) suggestion that “the ability to ‘visualisend estimate quantities takes a great deal of time

and requires a broad range of experiences”.

One aspect addressed in Grade 6, but not in Gradeas the idea of measuring with non-
standard units. Non-standard units are generafigidered useful prior to using standard ones.
Askew (1998) suggested that when children use tadard units, they come to appreciate that
some types of units are more effective than otfiérs.units used in Grade 6 were the hand span,
foot length (Gina called this f@ot spai, arm span, the length of a finger, wrist-to-elbdiae
length of a leg and body width. Some practical gXas) of measuring their desks and the

classroom wall were carried out by some the pupils.

The wordspanwas used fairly frequently during these activiteesl was recalled by all the
pupils. During the interviews, the girls were atwedemonstrate a hand span and a ‘foot span’,
and they were also able to offer other non-standaitd like a finger and so on. | suggest that the
clarity of the meaning for, sapand sparwas ensured by its referential role. However, asw
interesting to note that the three pupils who gawesxplanation for aarm span(in separate

interviews) interpreted it to mean the length & &mm from wrist to elbow, or wrist to shoulder.
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Gina had, in fact, opened both arms out wide toaetnate an arm span, and had counted units
as two girls measured the classroom wall, so tlyafirst impression had been that the meaning
of the word had been clear. However, on examiniteggdlassroom interaction, | realised that,
except in the case @rm span the non-standard units used wenegle body parts, with one
stretched out hand being calletiand sparand the length of one footfaot span It is therefore
possible that the girls associated the wapenwith the length of one part of the body. In fact,
during the interview, Clare suggested that you @eukasure with a ‘finger span’ while Celia
suggested a ‘leg span’ [G6Length(C)Q2 and G6LeBY®2 respectively]. Although this
unusual nomenclature may not have been detriminthé girls’ appreciation of units, | feel that

this example highlights the intricacies of mathacadianguage use.

11.2.4 The property of regularity

One ‘type’ of word that had not featured in thevras topics considered was properties. In
Grade 6 a property addressed was regularity ofeshdpuring the interview, Clare and Monica
were the only two who stated that they had knovenntieaning of the wordggular / irregular

prior to Grade 6. The girls offered a variety ofpkxations for the words and these are
summarized in Table 11.2. Their responses are pegsas the girls were paired, and it should

be noted that | specifically asked them to classifgctangle.
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Regular shapes

Irregular shapes

Clare Regular shapes are ones with |alfregular shapes do NOT have all
sides equal. sides equal. If an octagon hgas
seven sides equal and ope
different, that's irregular. A
rectangle is irregular because not
all sides are equal.
Monica Regular is when the shape has foérrectangle is irregular.
sides equal. No, there can be eight
sides, an octagon or hexagon etg.

Joanne A shape with all sides equal, likeAn irregular shape is drawn as ypu
square. Also, we know them wellwish. A scalene triangle is &n
Up to know we've learnt mostly irregular shape.l(indicate the L-
regular shapes. and U-shaped regions in thejr

copybookk Those are irregular.

A rectangle is regular.

Federica A rectangle is regular. A trapezium iggtdar, because
it's got one side that is not the
same as the others, ‘sideways’
(gestures a slanting orientation).

Celia A regular shape is one that has|alln irregular shape is one whefe

sides the same. one side does not match the others
at all. For example:
A regular shape has to have |at
least two sides equal. Actually,
two pairs. For example like these|
[ |
[ ]
[
[ ]
Katrina She recalled the words being used, but not theamings. She asked |if

they had anything to do with division, then leé thlking up to Celin

Table 11.2. A summary of the Grade 6 pupils’ exatemms forregular / irregular
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Clare and Monica were the only two who appearedident in their explanations, although of
course they did not define the property correddigrhaps they had learnt it in this way in a
previous Grade. Joanne and Celia contradicted #lgess and Joanne seemed to associate
regularity with the shapes they were mainly familigth — at the time | understood her comment
to mean the ‘basic’ shapes that young pupils atenopresented with as an introduction to
geometry. | concluded that the meaningrigularirregular had not been indicated clearly, and

| examined the classroom data to explore why. Toesregularirregular were first mentioned

as follows:

(The class is discussing finding perimeter of aaegtlar shape; methods of

addition and/or multiplication have been suggepted

Claudette: You can't always do ‘times’, because mwy@u have a shape
and ... (rails off) ... that one foints to the rectangle drawn
on the board to represent their deskise sides, they were
equal. If 1 have a shape and they’re not equal, gan't
multiply because they’re not the same.

(...)

Clare: An irregular shape!

Teacher: Ignores Clare’s comment and continues talking about
methods for finding the perimeter of a rectafgle

Clare: But Miss, if you have an IRREGULAR shapk ...

Teacher: Wait, wait! We're doing regular shapebtrigpw.

[G6LengthSminute15]

The implication that a rectangle was a regular shaps later reinforced when Gina asked the
class: “What if my table isn’t regular?” [minute]28he sketched one of the desk arrangements
as shown, filling in the dimensions as the girlggasted them (they had measured these

themselves).

120cn

40cm

99.5cm

8lcr
60cm

40cn

Figure 11.4 Finding the perimeter of an irregulzae
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Later in the lesson, Gina asked if a sketched mgi#avas a ‘regular shape’ [minute55]. The girls
answer ‘yes’ in chorus, an answer that Gina acdetee following day the same idea was once

more reinforced:

Teacher: Yesterday we found that we can have ptinoé irregular
shapes and we noticed that the way our classrapat] is,
we have a lot of irregular shapes. We HAVE regualaes
like the teacher’s desk, the door, the windows/

Pupil: /the board.

Teacher: The board. But the setting of our claseraaf our tables is
rather irregular. Whether it's regular or irregubae can still
find the length [perimeter], right?

[G6Length6minute14]

| noted that the idea that a rectangle was reguks always implied, although not stated
explicitly by the teacher. What it was exactly thade a rectangle ‘regular’ - and hence other
shapes irregular - was not stated. Such a focusgindd have served to stress some aspects of
the shape while ignoring others (Hewitt, 2006). Fegular shapes, features to be stressed are
lengths of sides and size of angles, while feattodse ignored include size of the shape and
orientation. Since Gina did not specifically straggthing in the reference context, the girls were
‘free’ to focus on features of their choice andstimay have prompted the association of
regularity with ‘basic’ shapes (Joanne), shapeh Wb pairs of equal sides (Celia) and shapes
with angles that are not 90 degrees (Federicayirtgatvas unable to offer any explanation.
Finally, | found Gina’s statement ‘the setting ofr @ables is rather irregular’ an interesting one,
since it seemed to imply that regularity/irregulanmay lie on a continuum, rather than be
mutually exclusive. Perhaps Gina herself was unstitke exact definition: after all, the subject
came up only because Clare insisted on the propemty discussed.

11.3 A collection of language-related points for t topic ‘Length’
In this section, | would like to offer a collecti@mf language-related points that came to light
through this topic.

11.3.1 One-off statements in Grade 6

For the topic ‘Graphs’ | noted that the girls refeelaan interpretation that had only been uttered
once by their teacher in class. In this topic balsted such an example, and this appeared to

reinforce the point that older pupils may attencitone-off interpretation (a phenomenon | did
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not observe for the younger pupils). In the casth@iGrade 6 topic ‘Length’, the idea was that a

measuremenwas a measuring tool or instrument, implied onlicé by Gina:

(Kirsty has just commented that her uncle usesex aulot in his job).
Teacher: Rulers, measurements are very important.
[G6Length2minutes18&22]

(An L-shape polygon is drawn on the whiteboard. Tieasurements are
written next to the respective sides except fordides that are missijg
Teacher: Can we find the lengths without using mesasents?
[G6Length6éminutes18]

Clare and Monica later suggested the following axation formeasurement

Clare: ‘Measurement...) could be the TOOL that you used.

(-.))

Monica: Picks up a ruley. This is the measurement to measure something.
(-.))

I: So an architect’'s measuring tape can be measurement?

Clare: Exactly.

[G6Length(C)Q1]

Later, Clare also referred to metres, centimetresljmetres and kilometres as ‘types of
measurements’ [(C)Q2]. That is, she also consideredsuremenas a quantification of length
by means of a unit, but the point here is thatreipeated the ‘tool’ point stated just twice by

Gina.

11.3.2 An unexpected interpretation fomeasurementand length

For the topic ‘Multiplication and Division’ | camacross an unexpected interpretation of the
expressiorrepeated subtractionFor the Grade 3 topic ‘Length’, Kim offered anexpected
interpretation of the wordengthandmeasurementKim first stated that she did not recall either
length or measurementfurthermore,when | pointed to the worcheasuremenprinted on a
handout they had worked out, she said that shaatitknow what the wordheasuremenivas
referring to (although she did recall what they badn expected to do in the exercise). However,
as | asked her about the wdemhgthin the second part of the interview, Kim happetetave

her copybook open on the page where she had tbwiiog note written:
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Lenath Measurement

Length
lkilometre = ki
netre = m
centimetre = o

Kim suggested that the words listed on the rightdhside were ‘length’, while the shortened
form of the units were referred to as ‘measurementind this point particularly interesting
because it highlights the influence of perceivablgects (in this case, the written notes
suggestive of two labelled lists). | believe thami§ interpretation was not what Rose had
intended when she had written these notes on thelb&ose had writtemeasuremenas an
alternative title to ‘Length’, and the shortenedhis just happened to be placed exactly under the
word ‘measurement’. Of course, it is not possiblanticipate all possible interpretations of what
is said and written in the classroom, but exam@esh as these highlight Eco’s (1976)
suggestion that a meaning is a possible interpwathy a possible interpreter, and heightens my
awareness that we can never be sure that the lgmgual other signs will be interpreted in the

way we intend.

11.3.3 Lexical ambiguity

Garbe (1985), Miller (1993) and Olivares (1996)cdssed the problems second language
learners may have with English words in terms oatwBurkin and Shire (1991) called lexical
ambiguity. For the topics ‘Multiplication and Dive®’ and ‘Graphs’, | did not note any
examples of ambiguity, but for the topic ‘Lengtimdted three examples of homophones, that is,
words that sound the same, but have distinct mganin Grade 6, the homophones that cropped
up werebreadthandbreath However, the classroom interaction and intervilaita suggest that
this did not create any difficulties, since thelgggeemed fully aware that they were different
words with different meanings, and in the classrotim pupil Ritienne even stated that the
words were homophones [G6Lengthlminute69], a granpoat they had addressed during
their English lessons.

Another word waswidth. The Grade 6 girls were well aware of this wordt m Grade 3,
although all the pupils stated that they had néeard the word before, Charlotte momentarily
confused it with the wordith. However, on seeing its written form, she realithed this was in
fact a different word to the one she knew. AnofGeade 3 pupil, Fiona, associateeightwith
hide
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Fiona: Height?'ou don’t mean ‘hide’ to hide one-self, do you?
[G3Length(C)Q2]

| am not in a position to say whether the simjaof sound confused the pupils during the
lessons - the wordwidth and heightwere in fact used very little in Grade 3. One riesting
point indicated by Kim, was the linking of the Eisbl wordheightwith a Maltese word that is
sounded in the same wahgjt. During the interview with Kim and Fiona, the gidtated that

they had no recollection of the wdndight However, Kim later suggested:

Kim: ‘Height’ is in Maltese -hajt! [wall].
[G3Length(C)Q2]

| think that during the interview, Kim and Fiona evBuggestediajt andhide respectively were
just suggesting different possibilities to help @utthe interview. However, their suggestions
bring out further possible interpretations andstitates how similar sounding words may be
confused not onlyithin a languagewidth/with, height/hide, breadth/breathbut alsoacross
languagesOff hand, would not think that there are many mihtical words that present this
situation. However, exploring the point may formmtpa our reflections on the use of the English

mathematics register in order to pre-empt any ptesambiguity that might arise in a classroom.

11.3.4 Reflections on the potential role of transtaon

Unlike the topics previously discussed, ‘Length’aigopic for which Maltese equivalents for
many of the words are common, such agight measureand vocabulary related to direct
comparison. (Words such geerimeter and regular are more likely to be met with in a
mathematics classroom and translations not so catyrused). By Grade 3 level it seemed that
the pupils were familiar witfong/longer, andshortshorter The pupils stated very confidently

that they knew these words of direct comparisonchvare usually introduced in Grade 2:

‘Those are easly[Jessica, G3Length(A)Q6]

The pupils in both Grades were also able to offerdlations fotonger/ shorter (itwal / igsar)
although as explained in Chapter 6, the younges amere sometimes less precise in their

translation (e.gsmall for short,long for longey).
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Although | cannot be sure, | might assume that é&altspeaking children would first learn the
Maltese words through everyday experiences and dbere across the English ones as part of
their school experiences. An illustration of thisgped up with the worteight This word was
not recalled by any of the Grade 3 pupils, but thisiot to say that the girls did not have a
concept of height. For example, during my intervieith Petra and Charlotte | decided to pursue
whether the girls could talk about the notion inltélse and asked them if they had talked about
gholi (height) during the week. (The same word is used in Malfesheightandhigh, although

the former is often preceded by the definite ajidPetra and Charlotte explained as follows:

Petra: No, we didn't talk much about that. But we know
something about height [@oli]. You can have high [dioli]
and low [baxx].

Charlotte: Something high and another low.

[G3Length(B)Q1]

Petra then went on to give an explanation of how gould stand on a chair to measure the
nearby wall. By offering the opposite digh aslow, and explaining how to measure the
appropriate dimension of a wall, Petra indicatechaareness for height even though she may

not have had available to her the English wordkfwess the idea.

This example supports the argument | presentedapt@r 6, where | suggested that one way of
increasing pupils’ knowledge of English could beetlicitly provide vocabulary for already
existing concepts. | now offer a semiotic represgm for the translation dbnger/shorterin
Figure 11.5. In this representation, the Maltesede/@hange role from sign to forming part of
the reference context; the English versions sasveename the ‘same’ concept and hence are
‘equivalent’ to the Maltese ones. | acknowledgd thase the term ‘equivalent’ rather loosely,
since there may be subtle differences in the stdtributed to the words by virtue of the contexts
in which they are used (everyday / academic). E¥&889) suggested that such a difference
constitutes an emotional charge that forms pathefmeaning attached to the words. This in
itself is an important aspect of meaning, which éesv, is beyond the scope of my study. In the
diagram, | account for the possible variation inameg due to affect by suggesting two

overlapping bubbles.
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Reference conte Sign /Reference conte Sigr

2 (possibly
similar) objects Itwal /igsar
of different
lengths

\ Meaning / \ Meaning /

A contrast based on a common
attribute

A contras
attribute

Figure 11.5. A semiotic chain for translation

This and similar chains can be set up explicitlyairclassroom wherein code-switching is

considered to be a resource rather than a prol#etar( 2001).

11.4 Significance

My third research question asked what ‘conditicmgbear necessary for successful sharing of
meaning. | assumed that clarity was one of theitond, and in my discussions have attempted
to qualify in more detail what rendered meanindsdc. | also noted that frequent use of a word
in class appeared to aid recollection, a first gteghe pupils’ expression of meaning. As part of
my reflections on the topic ‘Length’, | identifieathird feature of word use that | believe may
have contributed to bringing mathematical wordgshi fore and hence had some bearing on
sharing meaning. | call this feature ‘significanbg’which | mean how crucial a word appeared
to be in a context. Two types of situations appddce have the potential to render a word
significant: first, when the word was the focustioé talk or centre of the teacher’'s or pupils’
attention; second, the fact that the word couldbsoteplaced by another one. | will discuss each

in turn.
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From the outset of this discussion, | must statg tf the three conditions, the idea of
significance is the one which is most conjectuFakquency is the most ‘concrete’, since |
identified it by counting words; | interpreted dtgras the ‘proximity’ between spoken words and
perceivable notation and objects and expressed ntiteon through a semiotic model.
Significance, on the other hand, is based on mynagton of where the teacher’'s and pupils’
attention may have been and | acknowledge that difficult for an observer to judge where

exactly a person’s attention is placed at any maineime.

11.4.1 A word at the focus of attention

There were several examples of words that appearied at the centre of attention and in these
cases, | considered the use of the word to befisigni. For example, in unit conversion
activities, words such asetreandcentimetrewere significant. If pupils were asked to find the
boundary of a region, then the wgrdrimeterplayed an important role since the subject at hand
wasthe idea of perimeter (“Find the perimeter of ..I"found that words that were used in a

significant way were later recalled and explainggrapriately by the pupils.

On the other hand, there were other words, paatilyuin the Grade 3 classroom that were used
in a way that | consideredot significant, because as the teacher spoke, shmeeset direct
attention to something other than the idea denbyethe word. For example, in the following
excerpt, Rose asked the girls to measure the heidgheir desks. Although the wolgightwas
temporarily stressed by the teacher’s intonatiba, main focus of attention appeared to be the

use of the measuring tape.

(The pupils have just measured the top edges ofdbsks.

Teacher: Now we are going to measure the HEIGHDwf desks.
Remember we start from the ‘one’ and you let yapet
reach the floorglaces her measuring tape touching the top
edge of the desk. The girls eagerly kneel downtda s
measuring. Now listen ... we are going to measure from the
top of the table until you reach the flooFhg girls measure
in twos. The teacher suggests that if they findifficult to
read off the number close to the floor, then theay measure
‘upwards’ with the end of the tape touching therjo

[G3Lengthlminute24]

Van de Walle (2004) suggested that measuring wifarzdard unit like the centimetre may draw

attention away from the attribute itself and inddeabted that during this activity, attention was
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on the measuring action and on how to be as aecastpossible, rather than on the actual

dimension. Thus | suggest that the word used totdahwas not significant.

Another word that did not seem significant weislth; it seemed to me that when it was used,
attention may have been on say, a measuring gotivitentimetre measurements. For example,

in the following excerpt, it was the kilometre thieds at the centre of attention:

(A discussion is going on about the unit kilometre

Teacher: Do we use kilometres to measure our desk®r furniture?
Or the width of the door? Or our height? For whaineg use
kilometres, Angela?

[G3Length2minute31]

The interview data later revealed that none ofilngls recalled the wordseightor width:

Jessica: Height? | don’'t remember the word ‘height’
[G3Length (A)Q2]

Petra: Referring to the wordwidth). We didn't use it
[G3Length(B)Q1]

As previously noted, the wordeightandwidth were not used very often in Grade 3. Hence, the
lack of frequency on its own may very well explaihy the pupils did not recall the words later.

| will reflect on the inter-relationship betweereduency and significance in Section 11.5, but
tentatively suggest that the lack of significantéhe words in the situation they were used may
also have contributed to the pupils’ inability ecall and hence explain the words. Looking back
at the topics already discussed, | was remindedeoéxpressiodrop a perpendiculaas used in
Grade 6, and can re-interpret my previous discuodsyostating that the expression had not been
rendered significant in the course of the grapiviagt since the teacher’s and pupils’ attention

had been on theandx-values.

11.4.2 Substitution of a mathematical word

| suggest that another way that a word may loseifgignce is if it can be replaced. The
possibility of replacing a word by another one weaginally brought to my attention by the
Grade 3 teacher, Rose. | had commented to hesltigahad started using the names for units
(metreetc.) immediately as she started the work on migeswand yet when tackling estimation,

she had introduced the woedtimateas the activity unfolded. Rose explained:
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Rose: With regards tmetresandcentimetreswell, that is the word. | couldn’t
replace those words. (...) [but] when we talk abaerbg, | can say [an] action,
doing something, a ‘doing’ word”. [RoseLength(2)Q)3d

Rose replaced the woestimateby expressions likguessor say about how mugclpossibly to
help the children understand what was meant bynétematical word. The following excerpt is

an example of how the worstimatewvas used (I note that here that the word was bistidas a

verb and as a noun but will not dwell on this ppint

(The class is looking at a textbook page that shewvse objects e.g. pencil
holder, plate etc. She is reading the ‘bubble spepdnted on the textbodk
Teacher: “Find one of each object. Estimate itgtlerin centimetres — use
a ruler to measure it". Now when you estimate, we going to
say ABOUT how much. (...) For example, when | openhapnd
(stretches out fingers of one hardcan say it's about 10 or 11
centimetres. You have to first say about how muaas, ibut then
in the other bubble speech we have “Use a rulerdasure it". So
first we write what we think - about, roughly, weysoughly, the
estimate, then we have to measure it with the.ruler
[G3Length3minutel14]

After the girls had worked together, Rose elicitasdwers by asking pupils questions such as:
“How long did you think ...?”. Consequently, the warstimatewas not used any more for the
rest of the lesson, and indeed the week. Latee 0bthe girls recalled the word and hence they

could not offer an explanation for it.

Kim: The teacher hasn’t mentioned it to wus vyet
[G3Length(C)Q1].

Yet, the Grade 3 girls could in fact recall theireation activity they had carried out in class,
with four of the pupils even offering details abaubat had gone on in the classroom. For

example:

(Petra and Charlotte have just stated that they db nemember the word
estimatethat is printed on my shed®etra looks through some textbook pages,
finds the word and indicates.it)

Petra: Reading “Estimate its length in centimetres”.

I: Do you remember what it means?

Petra: Scratches her head, looks puzzlédbt a lot.

I: Do you remember what you had to do in this eiseft
Petra: Yes! Yes! This one was my shoe ... [refertmthe picture

of a shoe on the page]. It was funny! These wezendnd of
Sonia [referring to the picture of a hand] and they it all
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right [presumably referring to all the estimate$erdd in
Sonia’s group]. It was fourteen centimetres.

Charlotte: Fourteen and a half.

Petra: We ... the teacher find it, all these thingstiired on the
page] and gave it to four groups. One group we Have
measure/

Charlotte: /this thinggppints to pictures

Petra: This thing. But first we have to guess whatly ... (rials
off).

[G3Length(B)Q2]

| suggest that the contexts when the westimatewas used lent enough support to allow the
pupils to carry out the action without actually demg on the word used to denote it. Possibly,
the Grade 3 girls had been able to make sense aictivity by way of the other words that were
(presumably) familiar to them such say roughly guessandthink. Of course, paraphrasing a
word or expression is one way of expressing itsnmimgg and indeed, | have suggested that use
of familiar words is a useful, even necessary, espesharing meaning. However, excerpts like
the above also make me aware thetausea word can be substituted, then the mathematical
word may be used less and also be rendered lesScsigt in the given context. Thus, a fine line
exists between using alternatives to aid undersignénd actually bringing the new
mathematical word to the fore. | tentatively conjee that this may be exacerbated in an
immersion situation because children may focus #itéention on the more familiar substitutions
in order to follow the general flow of the lesstimis perhaps ‘ignoring’ the new mathematical

words.

Another ‘replacement’ that occurred, once againGmade 3, was betweetength and
measurementhat is between two mathematical words. The woedsurementan be used to
guantify a distance with respect to a unit, so ¢hi@hgth can be talked about as a ‘measurement’.
Hence length and measurement are very closel\ectlas can be seen in the following textbook

statements:

(With reference to examples of the type: 1m 35cm =n). Write these lengths
in centimetres.

(With reference to pictured objects having one dsi@nmarked and a set of
three measurements suggetéthoose the nearest length.

Rose used the words interchangeably, for example:
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(The class is looking at a textbook page. Pictuhesvsa mug, a pencil, an ant
and a stick of blocks. A double arrow marks a laniglr each item. Three
alternative measurements are given for each itdm.t€acher is here referring
to the picture of the stick of blocks shown bejow:

Teacher: Now we have three measurements: one eregimfour
centimetres, ten centimetres. Which do you thinkthis
correct length? (...) We're going to mark what walkhs the
right measurement.

[G3Length3minute36]

The wordslength and measuremenivere used a moderate number of times (37 andni€sti
respectively by the teacher, once each by the gupihad considered that when the words were
used, their meaning was in fact clearly indicatéok example, “Find the length” was printed
near pictures of objects whose length was marketi @i double sided arrow; the word
measurementvas used in close conjunction with centimetredyesestcLengthwas new to all
siX pupils except Jessica, whiteeasuremenivas new to four pupils, with Petra and Charlotte
not indicating familiarity. It may be that the intbangeability of the words rendered each less
significant and this may have had some bearinghenpupils’ later expression of meaning.
During the interviews, only three of the pupilsakked and gave an explanation fengthin
terms of measuring something (e.g. a line). Onlg tirls explainedneasurementand these
somewhat doubtfully. For example, Jessica firdedtahat she could not remember the word,
then suggested that ‘it's like when you measureLlength(A)Q2]. Petra suggestédjjel (to
measurg but she seemed to have some doubt that this deulcbrrect since she had already
offeredkejjel as an explanation fao measurdG3Length(B)Q1]. (I cannot tell whether Jessica
and Petra were actually recalling the associatiomeasurement with length / measuring or

simply drawing spontaneously on the similarityted sound of the words).

Of course,length and measurementire in fact so closely related, that perhaps ngakin
distinction is not important in practice. Howevénvas reminded of the interchange between
sharing and grouping again two mathematical words that are closelgteel, but in this case
denoting different ideas that are in fact, impartardistinguish. | can now add to my discussion

on sharing and grouping by stating that the intenge may have rendered each of the words less
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significant. As already noted in Chapter 9, pupégplanations were then based on sharing, an

idea that they were apparently very familiar with.

11.5 Inter-relatedness of frequency, clarity and ginificance

Having identified three ‘conditions’ that appeatesipful for sharing meaning, that is, frequency,
clarity and significance, | decided to revisit thge of all the words | have considered in this
study and summarise the conditions for each. uighothat this exercise would be useful in
order to check out the inter-relatedness of thelitions. That is, to note whether a word that was
frequently used was also used in a significantiesrovay, whether lack of clarity accompanied
lack of significance and so on. | present the surnmaTable 11.3 for which it should be noted

that:

» The words are grouped according to topic and Ggdtlength’ includes some words that

| did not discuss in this chapter for the sakeref/iy.

» The symbol indicates frequency (F), clarity (C) or significan(S), whilex indicates
lack thereof. Some entries are marked with bothbg}sn For examplegrouping was
significant by being the focus of attention at time (“we are grouping”); on the other
hand, it was not significant in the sense thataswwterchanged witbharing and hence
not distinguished from it.

» The numbers given in brackets after each wordreredmbined frequency of teacher use
and pupil use. However, as already discussed, sttiva teacher who tended to use the
words most, therefore for several of the entries,'tombined’ frequency is actually the
teacher’s use. To distinguish between frequentty inafrequently used words | chose an
arbitrary cut-off point of 30. My choice was influeed by the difference in ability of
Grade 3 pupils to explain the words/ide by(42) andgrouping (19) and the Grade 6
pupils’ difference in recollection gfie-chart(33) anddrop a perpendicula(l16).

» | classified clarity as explained in previous dissions; the idea expressed by the teacher

may not necessarily have been altogether appregast say, in the caserefjular).

» | classified significance as explained earlierhis tChapter, that is, in terms of the word

being at the focus of attention, or not being regdaby another word.
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Grade 3 Grade 6

Word F Cc S Word F C S
Multiply by(185) v v v Graph (168) v v v
Division (139) v v v x- | y- laxis (165) v v v
Times (105) v v v Represents (100) v v v
Tables (61) v v v Scale (38) v v v
Multiplication (54) v v v Plot (37) v v v
Divide by (42) v v v Pie-chart (33) v v v
Grouping (19) X X v'x Line-graph (23) X v v
Sharing (13) X X X Drop a perpendicular(16)| x v X
Block-graph (16) x v v
Data (14) X x v
Bar-graph (10) X v v
Centimetre(664) | v/ v v Centimetre (560) v v v
Metre (344) v v v Metre (356) v v v
Measure (99) v v v Millimetre (295) v v v
Long/er (68) v v v Measure (227) v v v
Kilometre (53) v v v Length (190) v v v
Length (38) v v v'x (various)Spans (72) v vx v
Short/er (21) X v v Long/er (62) v v v
Measurement (19) |  x v v'x Perimeter (64) v v v
Width (9) x v x Width (62) v v v
Estimate (7) x v Kilometre (62) v v v
Height (5) x v Height (51) v v v
Measurement (34) v v v
Breadth (43) v v v
Short/er (22) X v v
Irregular (13) X X v
Regular (9) x x v
Metric (4) X x v

Table 11.3. Interrelatedness of frequency, clamitgt significance.

As can be seen from Table 11.3, various combinstafrthe conditions occurred. Words that
had been used with all three conditions were laealled and explained appropriately by the

pupils. One such word waerimeter It was used 47 times by the teacher and 17 thgebe
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pupils, a number of times | might consider moddyatiequently for the teacher and certainly
frequent for the pupils, considering their geneise of mathematical vocabulary. It was clear to
what the word referred since the boundary was paradly evident and often drawn by the
teacher and pupils themselves. The word was stgnifibecause it was the focus of attention for
the several examples carried out (“find the perarigt“the perimeter of [shape] number 1 is 84

metres” [G6Length6minute?2]). Furthermore, the wibxglas not replaced by any other.

It is important to note that the wogkrimeterwas already familiar to four of the pupils |

interviewed and this might account for their susdsexplanation. However, the word was in
fact new for two of the pupils. One of them was ri{a, who was generally the pupil least
confident during the interviews. Yet, even she axm@d in what was for her great detail (albeit

offering an inappropriate measurement for the wilfthhe table and working out the answer

incorrectly):

Katrina: Perimeter ... you have a, this shapedhes the coffee table
in front of hej. This is two centimetredquches one of the
shorter sides of the tableand that [is] twoifidicates the side
opposite to & This is hundred and hundretbches the
longer sides You add them up. And it come three hundred.
(gestures around the four edges of the fable

[G6Length(B)Q2]

Similarly, in Grade 3 one word that was used withheee conditions wamultiply. It was used
with all conditions, and was shared successfuth (Shapter 9). Obviously, previous familiarity
is important to keep in mind when interpreting gresence of the conditions. For example,
althoughsharingin Grade 3 was usadfrequently, not clearly and not in a significantywset
the girls were still able to explain it approprigtesince they had already known the meaning of
the word.

Some words were significant but not clear. For epandata had been the focus of attention
more than once, but Gina was not specific enoughutatos what it was exactly that the word
referred. On the other hand, some words were ¢ieahe sense apparently intended by the
teacher) but not significant. This was the casalfop a perpendiculgrwhich at the time was
clearly associated with the specific drawing ofticat lines, with clarity was being assisted by
Gina’s gestures. On the other hand, the expresgemed to have lost significance as attention
appeared to be more on actually drawing the limaglthe copybook page and finding the

relevant x-values. By examining the pupils respsriging the interviews, | noted that the girls
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were less successful in recalling and / or exphginivords that had lacked either clarity or
significance. (The details of recollection or ex@ations have been amply developed in previous
chapters; | have refrained from inserting detdilthe girls’ ability to recall/explain in Table 1.
due to the complexity of presenting the wide vgratcombinations. Words could be classified
as new / familiar to some /all the pupils; a worgyim have been recalled by some (differing
numbers) / all of the pupils; a recalled word mighaive been given an appropriate (possibly

different) explanation by some / all the pupils andn.

| noted that infrequently used words tended to ddsxx either clarity or significance, and
therefore it is not possible to pin-point whichtbé& conditions had most bearing on the pupils’
inability to recall and/or explain the words. Whattan suggest however, is that in an attempt to
share the meaning of words that make up the matiemagister, it may be helpful if a teacher
works towards maximising each condition, that egtrency, clarity and significance in her use
of a word. Furthermore, in Chapter 7, | stated thatils themselves should be encouraged to use
mathematical vocabulary to promote effective comication and to allow a teacher to gauge
understanding. | can now suggest that increasipd-pse of the vocabulary can be viewed as an
opportunity to increase the general frequency afdwese in class and promote the significance
of the words since, presumably, a pupil needsdou$’ on a word in order to use it. Finally,

pupil-use of vocabulary exposes how ‘clear’ pupiis about the ideas that words denote.

11.6 Conclusion

For the topic ‘Length’ | confirmed my previous obsgsions that close association between
something that is perceived and the language usedfér to it, is very helpful for sharing
mathematical meaning. For the sake of brevity Irehtl discuss all the topic-related words, but
gave some detail regardimmerimeterandto measure meanings for which were successfully
shared. | also discussed units and noted that e \gere able to offer the numerical
relationships between various units, since thesk been rendered clear during the lessons.
However, understanding units also includes an afen of the size of the unit and my data
supports the idea that this appreciation dependsilieon experience. The topic ‘Length’
offered an opportunity to discuss a mathematioapgnty, that of regularity. | noted that lack of
clarity in this respect was a result of the teactmrstressing the features of the reference contex
that imply regularity. Hence, the pupils stressed ignored features at will, and this resulted in a

variety of explanations of the property.
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Some interesting examples came to light that ristthe intricacies of language use during
mathematics lessons. For example, in Grade 6, opé imterchangedheight and length as
dimensions, apparently basing this possibility ome tteacher-suggested interchanges
width/breadthandlength/widthand the fact that height as a general spatialegiris a particular
orientation of length. Another example was pupiigerpretation of apanas a single body part,
due to the way the word was used in class andatttdtiat most non-standard units used were in
fact, single body parts. In Grade 3, | noted a [mipinexpected interpretation féength and
measurementand the possibility of lexical ambiguity acroaaduages. | also confirmed that the
Grade 6 pupils sometimes recalled one-off statesnatiered by the teacher, implying that
perhaps a teacher of older pupils may need to bee moareful to use mathematical words

appropriately.

This topic highlighted the importance of a primasghool teacher's own mathematical
knowledge: Gina definetegular shapes incorrectly and suggested an interchardigeatbithe
names for the dimensiorilengthwidth for a rectangular shape. She also used an unusual
expressiorfoot spanwhich | believe played a part in misleading th@ifsuto think of aspanas

the length of a single body part. Since Shulmab286) seminal work on the area, interest in the
complex relationship between subject knowledge @etthgogy has grown (Banks al, 1999).
Although the issue is beyond the scope of my stuidys of course relevant to me as a
mathematics educator, since as suggested by Mcldafh991), it is important for teachers to

have a sound knowledge of subject areas.

Although the points | have mentioned above appeabed generally applicable to ‘any’
mathematics classroom, ‘Measurement’ is a matheaiatrea where several words are available
in Maltese. Hence | took the opportunity to use s@miotic model to offer a theoretical
representation of translating from one languagentather. Without wishing to underestimate the
affective element involved in translation, | suggeghat in a classroom where code-switching is
used, the new English word can be introduced astamative ‘naming’ of an already familiar

idea.

Through this last topic, | developed the idea gh#icance. This refers to how crucial a word
appears to be in a given context. | suggestedstpaificance is a result of the word (and hence
the idea it denotes) being in focus; significarealso ensured by the fact that a word is not

easily replace. Hencdack of significance may occur when a word/idea is that centre of
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attention and also when a word is replaced by anotkveryday or mathematical) word. |
concluded that ultimately, three conditions appabe necessary for sharing of meaning:
frequency, clarity and significance. The inter-tetiness of the three makes it difficult to state
which has most bearing on sharing meaning, anefibrer | suggest that, whatever language is
used as a medium of instruction, it may be helgéul teachers to try to maximise the

‘conditions’, both in their own usage and thath# pupils.

At this stage, | can only wonder what similariteesd differences may have resulted in the three
conditions listed in Table 11.3 had the lessonsnbgien in Mixed Maltese English.
Furthermore, | wonder if code-switching in genemaight offer a third way of promoting
significance, namely by the highlighting of matheicel words by virtue of them being in
another language.
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CHAPTER 12

Conclusion

12.1 Introduction

In this final chapter, | retrace the origin of mudy and outline the underlying theoretical and
methodological foundations that guided my approacliscuss limitations, then summarise my
findings and reflections. | end by recommendinghferr studies and suggesting a way forward

regarding the language debate in Malta.

12.2 Retracing theoretical and methodological fourations

My interest in the present project was sparked by National Minimum Curriculum
recommendation that mathematics be taught througflidh. At first this seemed to me a
sensible idea, since mathematical vocabulary intdVi@nds to be retained in English, and
textbooks and exams are always printed in Engl$ébwever, conversations with linguists
prompted me to reflect on the pedagogic value deeswitching between Maltese and English.
My original aim for the study was to focus on hovde-switching was used in two classrooms to
share meanings for English mathematical words. Meweunexpected circumstances dictated
that | observe lessons where English was being aseal medium of instruction. | ser out to

address the following questions:

(1) How does the NMC recommendation regarding tee af English for
mathematics fit in with other educational princpl@romoted in the same
document?

(2)(a) How much, and with what ease, do pupils talkmmersion classrooms?
(b) How ‘mathematical’ is their talk, in terms dfet inclusion of mathematical
vocabulary?

(3) What conditions appear to be helpful for a teacto ‘share’ the meaning of
(a selection of) mathematical words with the pupils

Although the scope of the study seemed quite widéewed this as a positive thing since |

believed that a wider base could potentially offgjood spring board to extend the local
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discussion regarding the use of English as a mediumstruction for mathematics. | hoped to
tease out what is particularly relevant to an insioer classroom, and what might be applicable

to ‘any’ primary mathematics classroom.

One of the challenges | faced in the developmetttisfstudy, was to find an approach whereby
the various strands were kept together. | foundiddgfs (1978) notion of register helpful, since

it considers simultaneously the use and the meantfigspecific vocabulary. Pimm (1987)
suggested that a register serves as both a medidm message and | used this idea to structure
my discussions. As part of my reflections on lamguas a medium, | considered tensions arising
within the NMC document. | also considered the diesgpy of word use, the extent of talk and
variations in the use of mathematical words (aspamed to how the words are generally used in
English). With regard to language as a messagensidered the meanings of a selection of
topic-related words. | shifted from medium to megsshy reflecting on the relationship between

frequency of use and the familiarity of the words.

| approached the data collection phase with cegssumptions in mind. | believed that learning
mathematics took place as a social activity whetailguage was crucial to teaching and
learning. Hence, | viewed the classroom as a ‘conityiof practice’ (Lave and Wenger, 1991)
where speaking mathematically constituted parthef learning of the subject. | assumed that
mathematical words functioned not only as a me&esmmunication as such, but as the objects
of the communication activity itself. | viewed theacher as an ‘expert’ who shared her
knowledge with the pupils. Since knowledge was ethahrough explicit instruction, the word
meanings and their inter-relationships could besictared as scientific concepts (Vygotsky,
1962). | assumed that through participation indass(including listening), pupils may have
come to express similar meanings to those exprassth@ classroom. The meanings were not
passed on intact from teacher to pupil, but ratherge flexible. Following Eco (1976), | viewed

meaning as a possible interpretation by a possitdepreter.

The detail necessary for my reflections meant tiatmost appropriate research method would
be an interpretative small scale study. As statetlVblcott (1995), a case study is unique, but
not so unique that we cannot learn from it andyafipllessons to other situations. In part, my
study was ‘grounded’, in the sense that | genertitedry through the research data (Glaser and

Strauss, 1967). The reflections | presented in tgysemerged from my consideration of
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transcriptions ‘surrounding’ the mathematical wordsthe classroom, and the teachers’ and

children’s responses during interviews.

Two key ideas regarding meaning were, however lanepbefore | collected the data. First, |
started with an assumption that clarity was impurtéollowing Mercer's (2000a) stand that
teachers introduce pupils to technical words bpgighem in contexts that make their meanings
clear. As part of my study, | then attempted tolifuan more detail what rendered meaning
clear or unclear. Second, | needed a way to tadkitaimeaning, and after the pilot-study | devised
a semiotic model based on the one presented int&itay (1997). My model allowed me to

consider diagrams and notation along with lang@asgghown in Figure 12.1.

Reference context Sign

Mathematica
word

Object of
discussion +
familiar words

Meaning
for worc

Figure 12.1. General semiotic model used in myyaisl

Extending this model as a sequence of ‘trianglissi anabled me to illustrate how understanding

may develop as a series of semiotic chains.

12.3 Limitations of the study

Any study undertaken comes with limitations. Traxdially, one characteristic that has been
associated with limiting a case study like my owits lack of generality. However, the point of
my study was to show that certain situations aerpretations can, and do, occur. My research
method allowed me to recognise such situationsusedthem as a starting point to reflect on
particular issues. Indeed, | consider the smalkeselement to be a strength, not a weakness, of

my study.
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Another possible restriction was the ‘authenticiby’the observed situations: traditionally, this
would be questioned, since the teachers knew nearels intentions, and consequently they may
have changed the way in which they taught. | ackedge that my presence may have
influenced not only the teacher, but even the gupilput, but | believed that any classroom
episode or interview conversation can unfold inrdimite number of ways, and for the purpose

of my study, ‘any’ situation offered a valuable smufor reflection.

Similarly, during the interviews, the teachers pogils may have told me what they thought (for
some reason) | might want to hear. This might Hagpened while we talked about the use of
English as a medium of instruction and in the teeghcase, their intentions regarding the
teaching of the topics. My analysis of their thoisgk based on what they stated, and | can only

assume that what they expressed was what they bedikved.

However, there are some aspects of the collectmhamalysis of data that | do consider as

limitations and | outline these below:

* My recording method in the classroom did not pigk all verbal and non-verbal
communication: some missed data may have been t@difemelevant in shaping my

analysis;

» During the interviews, | asked for meanings of veooditside of any supporting situation,
and this might account for the pupils not beingeabl offer an explanation for a word.
Perhaps had | presented the words within a situatiord problem, story and so on, their

responses may have been different;

» Another possible limitation was that the pupils may have said everything they ‘could’
have said regarding the meaning they held for alwbiney may have left the talking up

to their friend, or gone along with a particulapkation initiated by the friend;

* In my analysis, | made certain assumptions whetieselected words were new to the
pupils or not, based on their own judgments. liseathat it may have been rather
difficult for a pupil to be sure exactly when shat ¢gp know a word. On the other hand,
even if | was confident that a word had been famnito a pupil, this did not tell me
anything about what it was that she knew regartliegneaning for that word prior to the

lessons;
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* The notion of sharing meaning by comparing classr@md interview data is always
open to doubt, since | could never be sure thatgtie would not have expressed a
similar meaning prior to the lessons, or that tleeipression of meaning had not been

influenced by other experiences other than thesigdasn situation.

While | did my best to minimise limitations, | hagecepted them as an integral part of the study
and reflected on them as part of the ongoing arsalyiswill now summarise the main points of

my analysis.

12.4 Reflections on language as a medium
12.4.1 Tensions between the immersion recommendatiand other NMC principles

| believe that the use of English brought with @hgions with other National Minimum
Curriculum principles or recommendations. The fiestsion related to the policy of inclusion:
my data indicated that the pupils who were coneleweak’ in mathematics by their teachers
felt hindered by the immersion approach. They regbthat they did not always understand the

lessons, and would prefer them to be in Maltese.

In the classrooms | observed, the pupils alwaysnsonicated with each other in Maltese,
whether for social reasons or to talk about a nmasttieal idea. This rendered the language of the
classroom inconsistent (in the sense of stickindgenglish) creating another tension with the
NMC wish for consistency of language. | also conjeed that the immersion approach might

hinder co-operative learning, yet another idealessed in the NMC document.

Using English for mathematics may work against XiMC ideal of strengthening the Maltese
language, since it might send a hidden messageMaliése is not a suitable language for the
discipline. Indeed, | noted that some pupils hdficdity in offering translations from English to

Maltese, even for words that | would have consideaneite ‘common’. | cannot conclude that
they did not know the Maltese word or its assodiatencept, but only that the connection
between Maltese and school mathematics was not wiaele requested. | believe that one way

to ‘strengthen’ a language is to develop its verimgisters, and yet an immersion approach
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actually reduces the need for discussion aboutleebamathematics register to take place at all.
Furthermore, if the NMC recommendation is adoptecadarge scale in Malta, then strategies
that teachers may have developed over time tothelp cope with the code-switching situation

will be side-lined.

12.4.2 The use of an English mathematics register

The English immersion approach needs to be corsidemparallel with the trend in mathematics
education to promote talk in the classroom. My daiggested that the extent of pupil talk
depends partly on the teacher’s preferred pedagtgie. The IRF style used in Grade 3 did not
support much pupil talk and, presumably, this styleuld inhibit pupil talk even if a first
language is used. However, for teachers wishirentmurage talk, as in the Grade 6 class, using
an immersion approach may hamper their effortgesthe pupils may find it difficult to express
themselves at length. Indeed, the Grade 6 teaétesr filled in language herself to help the girls
along (“Angelica is saying ..."). Hence, the extehtalk observed appeared to depend on both
pedagogic preference (which | suggest is in paeflaction of the relationship between teacher

and pupils) and the fact that English was usedmnasdium of instruction.

The practice of including mathematical words cardez communication more effective and give
an indication of pupils’ understanding. From myaftations, it transpired that increased talk did
not necessarily imply increased use of mathematmaids. The Grade 6 pupils, although
encouraged to talk more than their Grade 3 couatexptended to ‘get by’ without using
mathematical words. To a certain extent this maaetseen a result of the use of English, since
the pupils often used gestures or verbal pointeexpress themselves. The teachers allowed the
pupils to use ordinary English (correct or incotyend gestures, so as not to discourage their
efforts to use the language. (I have to statepofse, that | cannot be sure that they would have
given mathematical vocabulary importance in a migede setting). However, the inclusion of
mathematical words in pupils’ talk also seemeddpehd on the type of activities in which the
pupils were engaged. Words that were ‘needed’ fioexercise at hand were in fact used. The
implication for teaching is that if we are to catesi the increase of mathematical vocabulary to
be something desirable, then we may need to desagnities that promote the use of
mathematical words, irrespective of whether Englisisode-switching is used. Hence, as in the
case of extent of talk, both the medium of instarcand pedagogical approaches appear to have

influenced the inclusion of mathematical words.
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The pupils (and sometimes teachers) used exprsssimh as ‘do multiply’, ‘the multiply’, ‘do
plus’, ‘I did them plus’, ‘three multiply by fouand ‘twelve division by four’, which vary from
what | might normally expect as part of the Englisathematics register. | cannot say how
widespread these expressions are, but | suggest e are to promote English as a medium of
instruction, then it may be appropriate to refl@stour ‘ways of saying’, especially since some
variations may imply epistemological differencesarms of how mathematics comes into being.
Attention to mathematical English may in itself tidsute to the pupils’ overall knowledge of
English, the ideal so desired by the writers of MC. Ironically, it may be the case that
insisting on spoken English may actually work aggthe ideal of giving explicit attention to the
English register: the Grade 6 teacher seemed ti thiat the pupils would ‘pick up’ the

appropriate ways of saying in time.

Although | am generally in favour of developing eeglvitching as a resource, | acknowledge
that a mixed code approach brings with it its oggues. When we accept to use a mixed spoken
code in class, we essentially have two differegisters in use: an informal spoken mixed one,
and a formal written English one. Hence, if we tardelieve in the importance of focusing on
mathematical language, then we have two very differegisters to attend to, rather than closely

related ones (English spoken and English written).

Furthermore, even if we retain a spoken mixed tegithis in itself may need to be reflected on
by both linguists and mathematics educators. Uniikehematical English, which although
varies according to context, nonetheless ‘existg’ cannot claim to have an established Maltese
or Mixed Maltese English academic register. Reifb&xst on this register may need to include
heightened awareness of which English words agtixalve common Maltese translations (e.qg.
heigh) and ones which do not (e.dtop a perpendiculgr Furthermore, | noted that English
nouns and adjectives (eshape regular, regular shapg ‘fitted’ well into Maltese speech, but
that verbs were harder to incorporate since in édalt verbs need to be conjugated. In cases
when the English word was retained, the pupils @sgulessions such aghamel multiply’ [do
multiply], which may explain why pupils then saiu English ‘do multiply’. Hence, whichever
language we choose to use for classroom interactigifection is necessary in terms of
mathematicalanguage.
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12.5 Linking medium to message through frequency ahfamiliarity of words

‘Knowing’ the meaning for a mathematical word ingslibeing familiar with it to some extent.
Despite the limitation attached to establishingifanity, | felt that an attempt at doing this was
important since my interpretation of the succesetberwise of shared meaning could only be

carried out in the light of whether the words wienewn beforehand or not.

| noted an occasional discrepancy between whatethieher believed was new vocabulary and
what the pupils stated was new, and | suggestéalabse correspondence between these two
opinions may be useful as a starting point forgharing of meaning. The difference in opinion

is potentially more problematic if the teacher metiently assumes familiarity.

| had expected that new mathematical words miglie H#een used more than others by the
teachers, but in fact several new words were uséd tpfrequently. This seemed to be because
the frequency of use of mathematical words depermted/hether they were ‘needed’ for an
activity at hand and hence new words were not 1seciys used more than previously known

ones.

| noted that the frequency of use of a word hadesbearing on the pupils’ ability to later recall
the word. Those words that were used very littleH®yteacher were not recalled by the pupils,
and hence the girls could not offer any explanatimrthem. | consider that the first indicator of
shared meaning is recollection of the word, ancceédrequency of use seems to be related to
this first layer of meaning (Roberts, 1998). Thiatienship between frequency and familiarity
allowed me to shift from viewing language as a medi(the inclusion of the word in the

classroom talk) to language as a message (knowtd#dge word).

12.6 Language as a message

It is sometimes suggested locally that one readonmathematics should be taught through our
second language is because mathematical wordsdeaglish. The suggestion seems to be
based on what is common to the words i.e. that #dreyall in English. However, words are
‘different’ in the sense that some are used ageefes, some denote properties and concepts,
while others are verbs. In this study | have rééldon if, and how, clarity was established for a
selection of topic-related words. | believe tha goints | noted in this respect can be applied to

‘any’ primary mathematics classroom, in the sehaethe difficulties | noted seemed to be more
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related to pedagogic approaches, and at timesdekobwledge, than to the fact that the lessons
were done in English. Of course, | cannot exclimefact that the teachers’ approach itself was
influenced by the use of English, but | am not asipon to say to what extent this may have
happened. Furthermore, although some pupils exgatesservation about the use of English, my
study did not allow me to draw conclusions regayditne extent to which childen’s
understanding was inhibited, if at all, by the agmh. Generally, the pupils’ appeared to ‘follow’
the lessons and the dissimilarity of meanings esga@ during the interviews could be explained
by factors that went beyond the use of Englishfit3dese factors were: frequency of use of the
mathematical word, clarity and the significanceitaited to the word when it was used. | now

summarise my conclusions regarding each condition.

12.6.1 Frequency

The teachers used mathematical words much morehkasupils, but | also noted that there was
a big discrepancy between the number of times svonds were used when compared to others.
The words that were used most were those relatdtietdypes of tasks carried out, so for
example centimetrewas used a lot thanks to the unit conversion ésesgnultiply bywas used
frequently since many examples of the typexX n were carried out. Thus, words that were
‘needed’ were used, while those that were not mkedesuch awvidth in Grade 3 omdata in
Grade 6 - were not used so frequently. While thighinseem like an obvious observation, the
implication is that if we wish to encourage the ase development of meaning of other words,

then we need to design activities that encouragje tise.

| found that words that were used very little cdtieely by the teacher and pupils (say, 4 or 7
times) were not recalled by the pupils at all after lessons. Even 19 instances of measurement
did not seem ‘enough’ for the Grade 3 pupils, altiiotwo or three Grade 6 girls did recall
words used 12 and 16 timedata anddrop a perpendicularespectively). On the other hand,
those words that were used much more (e.g. 74,48Rtimes) were recalled by the pupils and
appropriate explanations were given. It is not jpbsso draw a clear line between what is
frequent use and what is not, but the implicatieenss to be that if a teacher wishes to share the
meaning of a word, then it would be best to maxntier use of the words, especially with

younger pupils.
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Having said this, | also noted that the Grade Glpuygere able to recall words more easily than
their younger counterparts, possibly because af #iye. Indeed, this ability to recall sometimes
surprised me, in that some pupils recalled a ohstatement mentioned by the teacher, even if
the statement was not altogether correct or apjatepiThis seems to imply that care should be
taken when offering statements to older pupilssesisome individuals may very well take this
statement to be the intended meaning to be shewed,if it is not. Of course, it is not practical t
expect teachers to be conscious of every wordatersent they utter, so all | can suggest is

heightened awareness in this regard.

12.6.2 Clarity

Vygotsky (1981c) suggested that a primary roleaferord is that of reference. | noted that words
that served as ‘references’ for something percewerk easily shared. These included words
such agimesfor the symbolx, axesfor the relevant parts of a graph diagram andth as a
name for one of the dimensions of a rectangleuti & role, the word and the object to which it
referred were temporary and spatially co-presengr{§¢h, 1985). On the other hand, it was
‘harder’ to share the meaning for words for whictvas not so evident to what they referred. For
example, a meaning foiatawas not so easily shared because no actual dataoNected by the
pupils. Pupils who did recall the womhta, associated it with the written aspects on their
copybook (e.g. the scale and answers to textboastmuns regarding the graph), possibly
because this is what was ‘tangibly’ available. Trhelication is that it may be helpful to render
perceivable or tangible anything that can be. Funtore, examples like this illustrate the

complexities of sharing the meaning for words.

Of course, a meaning for a word generally goes mey@ference so that understanding
multiplication, for example, goes beyond recognising and nanhi@gnotation. | explored clarity
for concepts through semiotic chains. For examihle,concept of multiplication as repeated
addition appeared clear because the language uasdchasely associated with the objects,
pictures or notation available: the teacher miglgt‘'each monster has three legs each’ when the
monsters and legs were evident; she might sayatedeaddition’ in association with the written
notationn+n+n+n. Several ideas appeared clearly presented ingjutlia numerical relationship
between units (metre / centimetre etc.) in botesda, the centimetre ‘size’ in Grade 3 acdle

as a one-to-many / many-to-many relationship (G&de
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On the other hand, some other meanings for wor@sxmressions were not rendered clear. For
example in Grade 3gpeated subtractiofor division was not clear, since the language nats
used alongside relevant notation or a repeateddakivay actionLack of clarity for division

was also a consequence of the fact that when the sleareandgroupwere used, the respective
actions were not evident, unlike the actiomafasuringhat was clearly indicated and reinforced
through the pupils’ own engagement in the actividgnerally speaking, clarity seemed to be
related to an element of ‘proximity’ between thegaage used and other aspects of the reference
context. Beyond this general idea, it is diffidiltgive a summary of clarity that covers all words

discussed in this study, so | will briefly summarike main points for the respective topics.

Multiplication and Division (Grade 3)

* If the maxim ‘multiplication makes bigger/divisionakes smaller’ is used (although not
generally true, so strictly speaking it is not iaooended that the maxim is used at all),
then understandingvhat is bigger/smallerthan what may help children appreciate

multiplication and division relationships in therfieular situation.

» The idea of repeated subtraction may need to béerpreted when objects are ‘utilised’
rather than ‘taken away’, since taking away is thest common interpretation of

subtraction at a young age.

e Care should be taken when using expressions suttheasame’ in reference tox%b /
5X4. ‘Sameness’ is only applicable in an array situratsince 4 monsters with 5 legs
each are not the same as 5 monsters with 4 leps Blae use of ‘the same’ in such cases,
and the phrase ‘the other way round’ for the retethip between the triples<s = 20
and 20+~ 5 = 4 may have led pupils to interchange the mat20+ 5 =4 and 5 20 =

4. Hence, | recommend careful use of languageesetisituations.

» Prompted by the lack of clarity observed for theamig of a concept for division, |
developed the idea of active and static representafor multiplication and division.
Active representations are equally easy to provide both operations, where
accompanying language can support the actions gwingepeated addition/subtraction,
sharing). However, it is harder to create a helgfatic reference context for division
because the picture may be perceived as repedted.semultiplication) rather than a

large set already subdividetihus semiotic links for division may be harder stablish
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than for multiplication, supporting the view thaividion is the hardest of the four

operations to teach and learn (van de Walle, 2004)

Moving from situations involving objects/picture® texpressing general number
relationships such as ih X n=p, thenp +n=mandp + m=n’, illustrates a shift from
metaphoric to metonymic language. Chapman (2008¥tggested that this shift renders
language more ‘mathematical’ and encourages deepéerstanding of the subject.
However, | noted that tasks that required thistigiahip were presentdulst during the
week, prior to static representations (active regméations were not used). | suggest that
it may be more appropriate for active and statprasentations to be carried out first,
since the metonymic relationship above dependdysmtemathematical language for its

interpretation and not on perceived objects/pisture

Graphs (Grade 6)

The teacher used the pedagogic metaphor ‘a grappicture’. When such a metaphor is
used, an obvious requirement is that the pupilserstdnd the meaning of the word
picture However, it may also be helpful to discuss exgicthe similar/dissimilar
features of the domains (graph/picture) in ordet the metaphor is fully appreciated.
The role of language in this context is cruciatsithe reference context consists entirely
of language (no tangible objects are present) anddmeaning is to be found within the

language itself.

Bar/line andpie graphsowe their names to what is perceptually obviouse Teacher’s
occasional comments that ‘they are the same’, ‘whatbe shown on a bar graph can be
shown on a line graph’ and the pupils habit of adley 1cm widths underneath the line-
graph, seemed to encourage pupils to focus onwdmperceptually similar/different for
the graphs. However, graphs are different in threseseéhat they are used to represent
different types of data and in order to apprediai® more explicit consideration of the

data in question may be required.

This topic included the expressidrop a perpendicularThe everyday usage dfop and
the classroom emphasis on a vertical line appdaregstrict the pupils’ interpretation of
this expression which in a mathematical contextuireg an appreciation of

perpendicularity and a reinterpretation of the wainap.
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The wordplot was used by the teacher in the senseakédraw/add to diagramand its
specific meaning with respect to a relationshipMeen two variables was not brought
out. | suggest that distinguishing between thesdbsvenay strengthen the pupils’

knowledge of the mathematics register.

Length (Grade 3 and 6)

Knowing a unit involves an awareness of its siz# @gso its relationship with other units.
The pupils got plenty of practice converting unidgf their classroom experiences with
focusing on the ‘sizes’ of the units varied. Altigbuthe Grade 6 girls were very familiar
with the sizes, these were newer for the youngeilgpuMy reflections on the pupils’

ability to indicate the sizes during the interviewsnfirmed other researchers’ (e.g.
Blinko and Slater, 1996) comments that knowledgethef measuring units depend

heavily on experience.

In Grade 6, the teacher suggested a freedom txlatege the names of the dimensions
length and width of an object. This idea was later extended by popil to the
interchange between the dimensitarggthandheight | suggest that this was because the
teacher did not differentiate betwelengthas a general attribute atehgthas a specific
dimension, implying that it may be helpful for sebdlifferences in meaning to be made

explicit.

While none of the Grade 3 girls remembered the vingidht two of them offered an
explanation for the idea when | suggested the Maltword for heightdgholi). Since
some aspects of the mathematical area of Measuteanerclosely tied to everyday
experiences, pupils may already be familiar with itheas and the Maltese words that
denote them. Hence, drawing on this knowledge neslydtpful to share meaning for the
English word, but this is not possible in a classmovhere immersion is strictly adhered

to.
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* The same wordheightalso brought my attention to the fact that lexmadbiguity may
occur not only within a language (elgreadth/ breath, but also across languages —
heightsounds the same as the Malthag [wall]. Although | do not have evidence that
this similarity caused any confusion during thesdes, it is worth identifying

English/Maltese words for which similarity of sounthy be the case.

One thing that was highlighted for me in this stwdys the fact that a meaning igpassible
interpretation and that we can never really be gwaewhat we try to convey will be understood
as we intend. This was evident throughout, butetlimeamples that struck me in particular were

the following:

» The three Grade 3 pupils who offered an explanatamthe expressionmepeated

subtractionsuggested that it meant say, 3—3-3-3... ;

* A Grade 3 pupil suggested thaeasurements/ere the units written in short (m, cm,

km), as opposed tengthwhich she said meant the units written in full {reestc.);

» As already mentioned, in Grade 6, one pupil extdritie idea of height as a particular
orientation of length, to an interchangeabilitylefigth andheightas dimensions of an

object.

By examining the classroom talk, I could find exg@tons for why this might happen, and these
situations illustrated the intricacies of linkingnuage with other elements such as notation,

diagrams and real objects.

12.6.3 Significance

A third condition for sharing meaning that | haviscdissed is significance. Two types of
situations appeared to render a word significahé flrst was when a word was the focus of the
talk , or in Halliday's (1978) terms, when the dialf talk was the idea that the word denoted. For
example, if the activity was a conversion activiben the wordsentimetreandmetrewere very
significant — the talk was actual@boutthese units. Significance was the case for marthef
mathematical words that | considered. On the dtlaed, a mathematical word may have been
used in passing, or assumed familiar in a contdwrevthe focus of attention is on something

else. For example, in Grade 3, when the weridith andheightwere used in relation to a table,
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the main point of the task at hand was using thasomng tape accurately, so that the words

heightandwidth themselves were not significant at that point.

Another element that appeared to render a wordfisigmt was the fact that it ‘could not’ be
replaced by another word. So for example, the wdanetrewas not easily replaced, nor was
multiplication On the other hand, in Gradee3timatewas replaced by the everyday worekss
Alternatives play an important role in supportihg imeaning for a new word, so that a fine line
exists between using alternatives and bringinghthe word to the fore. While researchers (e.g.
Harvey, 1982; Adler, 2001) have argued that itdeful for teachers to encourage children to
move from informal to formal language, | furtheiggest that teachers themselves may need to

be aware of their own shift in this regard.

| also highlighted the fact that sometimes it mayamother mathematical word that is used as a
replacement rather than an everyday word. For ebartiie worddengthandmeasuremenvere
interchanged by the teacher in Grade 3. While addiyt, these two words are very closely
related and therefore the interchange may not paged any problems in this class, the same
teacher also interchangsbaringandgrouping in this case a distinction between the words was

important since they denote different division stmves.
12.6.4 The inter-relationship between frequency, afity and significance

| noted that for many words, frequency, clarity asignificance went together, so that for
example, the wordraphwas used frequently, cleadyndin a significant way. | noted that for a
word used with all three conditions satisfied,paipils recalled the word and gave an appropriate
explanation, even if the word was ‘new’ to them. Be other hand, if a word lacked either one
or the other of these conditions when used in clden the word was not recalled by all the
pupils, or not explained satisfactorily. Sinceklaaf clarity or significance was generally
accompanied by lack of frequency, it is difficudt $ay with certainty which condition had the
most bearing on sharing of meaning. However, wigan suggest is that whatever language is
used as a medium of instruction, it may be helfdula teacher to consciously maximise each

condition in order to aid the sharing of meaning.
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12.7 Suggestions for further research

This study may act as a catalyst for further rageand the following are some suggestions that

may be worth pursuing:

» Similar studies can be carried out with differege groups and topics, in order to focus

on the development of other mathematical ideas;

» The notions of frequency, clarity and significamseconditions for sharing meaning may

be further explored,;
» Chains of meaning may be studied within classroohere code-switching is used,;

» Teachers can be encouraged to reflect on theirpwactice with a particular emphasis on

aspects of language;

» Talk in local mathematics classrooms can be studiede specifically in terms of a
discoursewherein reflections could centre on social in@asand participants’ roles in

the creation of mathematics.

12.8 The way forward

Having completed this study, | now consider the @yvard to be three-pronged. First, my
reflections can help me in my own practice as ehematitics primary-teacher educator. What |
have learnt in terms of knowledge about mathematrmuage and also about the practice of
research can now influence me in terms of whatcugoon with my students. Increased
discussion regarding mathematical language is itapbisince, as Zaskis (2000) pointed out,
trainee teachers may not feel confident with ityay initially not view it as necessary and resist

its use.

Furthermore, my observations have confirmed myebéfat a primary teacher’'s knowledge of
the subject is important. The classroom interadtionserved revealed some inadequacies in the
teachers’ knowledge. | suspected that the Gradmaéher was not sufficiently aware herself of
the distinction betweesharingandgroupingas division structures, and for the topic ‘Length’
she inappropriately called both dimensions of ¢et#iewidth. For the topic ‘Graphs’, the Grade
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6 teacher used the expressidrop a perpendicularin a restricted way, encouraged an
inappropriate use afcaleon the x-axis and usedot in the general sense of drawing/making a
graph; for ‘Length’, she implied an incorrect défon of regular shapes and suggested an

interchangeability of the names for the dimenslengthiwidth of a rectangle.

Except perhaps for the Grade 3 teacher’s uswidth for the length of the desk, the other
instances were too consistent for me to considentislips’ that sometimes occur as people talk,
and that perhaps | might expect if a teacher isguaisecond language (although of course, these
possibilities cannot be excluded). Since teachrersikely to share the knowledge that they have,
it is therefore important that this knowledge isigr to that of the general mathematics
community. The implication for me, as a primarycteex educator, is to strive to find ways to

strengthen this knowledge.

A second path worth pursuing is creating a dialopeéveen mathematics educators and
linguistics in order to reflect on the registerause, whether English or Mixed Maltese English.
A Council was set up in April 2005 whose aim id@ous on the strengthening of the Maltese
language, including focusing on technical langufagevarious disciplines and areas. This may
prove to be a suitable channel for encouragingudson on the Mixed Maltese English
mathematics register. Whether a need will be éettdtablish an academic mathematics register
has yet to be seen. Of course, if code-switchingtained, my original interest in how Maltese
helps in the sharing of meaning of English matherahtwords remains an area worth

researching.

Third, it is important that my reflections are stthwith fellow mathematics educators, policy
makers and classroom teachers in Malta. This wbelgd me to achieve my goal of extending
the language debate. Although over the recent ye&@ve had the opportunity to discuss
informally, four particular events have offered matructured fora for discussion. The first
opportunity was prior to the start of this projedtiring the interim period between the draft
National Minimum Curriculum and the publication w$ final version. In October 1998, |

organised a meeting for mathematics teachers (these mostly secondary subject co-
ordinators since they were the ones able to leetveos during school hours), education officers,
members of the NMC steering committee and Universiithematics educators and linguistics.
The meeting was small (approximately twenty peomiej the group’s feedback resulted in an

important amendment in the NMC document: the immaersuggestion for mathematics, science
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and technical education was changed from a dogrdaéctive in the draft documentie NMC
obligesthe teachers in this [primary] sector...” (Ministry of Education and National Culture,
1998, p. 21, translation and italics mine) to anemendation phrased as “the NM@courages
teachers ...” in the final publication (Ministry ofdEcation, 1999, p.79, italics mine). | believe

that the amendment was a first step to a more cmesideration of the issue.

By September 2004 | had done a fair amount of workny project, and | therefore outlined the
tensions | had identified within the NMC in an imtational conference on Early Childhood that
was held in Malta (Farrugia, 2004). My aim at tlpsint was to problematise the NMC
recommendation publicly. More recently (Farrugi@0@), | addressed a conference attended by
different people involved in the sphere of educatas part of a local school's centenary
anniversary celebrations. Since the audience wasdvand also included teachers who taught
mathematics through English fnglish speakers, | spoke about mathematical vocabulary in
general, focusing on the ideas of frequency andifgignce. This opportunity served as a first

attempt to widen the language discussion beyoniitditese/English debate.

An event that helped to bring the medium of ingtamcdiscussion to the fore, was a National
Conference for Mathematics organised by the Miyisfr Education in collaboration with the
University of Malta in October 2004. One of therties discussed in the various workshops was
the language issue. | was involved in coordinatingorkshop on the day and later formed part
of the Action Group set up to compile the variougkghops’ notes and make recommendations
for public dissemination. In the resulting documgulished a year later (Ministry of Education,
Youth and Employment, 2005), the recommendatiorigioguage was written by the Group as

follows:

“The language used should be the one that help&irehi understand
mathematical concepts. The use of English [for ermatitics] should not be
discussed in isolation for mathematics (...) but &hde part of a whole school
policy regarding bilingualism. It should be madeackr that when the NMC
encourages teachers to teach mathematics in Englise not making an
imposition, but recommending that this policy ne¢ase implemented on a
school and class levelb{d, p.11)

The significance of this statement is that it pathes way for further discussion, and class or

school-based reflections on the use of language.
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One of the main aims of this study was for me tinte better position to extend the local debate
regarding the medium of instruction for mathematigsbringing out issues related to immersion
and to direct attention to mathematical language esgister. From my personal experience, |
can say that ultimately all mathematics educatpfzear to have one common objective: that
language be used in the best possible way in aaesffer our children opportunities to
understand and appreciate mathematics. | hopetfteakflections | offer here may contribute
towards finding this way.
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APPENDIX A

Summary of two language-related studies carried oun Malta with respect to Science
(cf. Section 3.8)

As is the case for mathematics, the teaching aarditeg of science in Malta involves the use of

English written texts. Classroom interaction i€hkto include code-switching between Maltese

and English. The following two studies focused loa flanguage aspect of science education in
Malta.

Ventura, F. (1991). Language and the science alurit. Education (Malta)4 (2), 15-18.

This study was carried out in 1984 with a groupladut 300 First and Second Form students (ageS)14nt their
teachers. The teachers filled in a questionnagarding how they used language in class. From thsjponses, it
resulted that they used more Maltese with the ‘lsie’ pupils than with the ‘more able’ ones. Thadhers
predicted that all pupils would do better in a sceetest presented in Maltese rather than in Hnglis was the norm.
However, they expected the ‘less able’ ones to gaine. A test consisting of 50 items was constdigtetwo
versions — one in English and one in Maltese. B lditer, most scientific words were presented iMaltese
translation, although some were presented in Englithin inverted commas. (This detail is not stiaite the paper,
but was made available to me through a personaimeorication with the author). The pupils were gider one
test or the other. Statistical analysis of the sasps showed that there was a significant differéméavour of those
who sat for the Maltese tedt=7.875, p< .001). The results suggested that aadahe ‘weaker students were
concerned, those taking the English version wesadidiantaged with respect to their peers takingEBhglish
version. The weak students obtained significanigyhér marks in the Maltese test, although theifguerance was
still very weak. In the case of the ‘more able'dgmts, those taking the Maltese version did not gdvantage over
those taking the English version. Ventura conclutietithere appeared to be a cut-off point in ffeceof language
on achievement and recommended that further stbeiesirried out to guide a decision whether aiafflanguage
policy for science would be appropriate or whett@icies should be school or class based.

*

Farrell, M.P. and Ventura, F. (1998). Words and eusidnding in Physicd.anguage and
Education, 174), 243-253.

The aim of this study was to assess the understanoli about 300 Sixth Form students’ (average age 1
understanding of frequently used non-technical wofd.g. random, mutual etc.) and technical oneg. (e.
monochromatic, dielectric etc.) in the Physicsstyi Furthermore, the authors wished to investigay differences
between perceived and actual comprehension. Ifirttgpart of the study, 75 words were presentethéostudents
(50 non-technical, 25 technical), and the studevése asked to state whether they knew their meganiby
indicating ‘yes’ or ‘no’. In the second part, easbrd under consideration was included in a fulltseoe and the
students were asked what it meant. They could ariswdaltese or draw if they so wished. Using aedi-test, the
authors found that there was a very low correlaietween the claimed and actual results, with teamof the
actual results being notably smaller. Incorrectiagtions were the result of various misinterpretes for example,
confusing the word’s scientific meaning with ityegyday’ meaning, phonetic interference (e.g. tgkinite to mean
fine) and many other interesting reasons. Farnell ¥entura recommended the use of simple and famili
vocabulary by teachers, while admitting that itcarer-argued could be brought that it is bettehetp students
throughthe language thaaroundit. They concluded that ultimately, it seemed #aatn at this level of education,
word understanding was a matter that needed attenti
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APPENDIX B

Examples of studies that utilise a theory of semiuts (cf. Section 4.5.1)

Various researchers have utilised a theory of sreion their research within mathematics
education. The list below gives but an indicatidnsoch work. The studies are presented in
chronological order, since | believe this refleth® ever-increasing scope of the theory's

application to a wide range of interests.

Walkerdine 1988 Described how a mother led aldiilcounting the number of drinks
to be poured for a group of persons at a socidlegiaig: the persons
were represented by names, names by fingers, agersi by spoken
numerals.

Cobbet al 1997 Described how a teacher and her pupilsblegtiad relationships
between candies, unifix cubes, pictures and veriainerations.

Steinbring 1997 Explored the development of chiltk arithmetical relationships
through blackboard images and standard additicatioat

Presmeg 2001 Focused on developing mathematieas ifrom cultural items, and
reported the chains identified by a teacher whingus mountain
bicycle as a starting point, focused on gear rai@sthen went on to
develop a hyperbolic function.

Duval 2001 Analysed the use of diagrams in mggmaking.
Dorfler 2001 Also reflected on diagrams.
Radford 2001 Described a project in which stuslemsed algebraic signs and

endowed them with meaning.

Carreiraet al 2002 Discussed the role of metaphors in chdissgaification that served
to bridge mathematics and other conceptual domaimsh as
geography and economics.

Saenz-Ludlow 2003 Discussed how signs may inclidizsyncratic elements such as
personal and collective metaphors, informal diagramd gestures.

Cerullli 2003 Explored the evolution of conceptsat originated through an
interplay between two ‘worlds’ namely mathematicg&him the
software L'Algebrista, and mathematics outside it (‘class’
mathematics).

Schreiber 2005 Described how students generdptchraumerical and/or graphical

notation to externalise their problem-solving ideasan internet-chat
context.
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APPENDIX C

Letter to Parents — English version (cf. Section 8)*

Department of Primary Education
Faculty of Education
University of Malta

16 January 2003
Dear Parents,

| am researching the teaching and learning of silaematics topics in Year Three and Y
Six. [HEAD OF SCHOOL] and your child’'s teacher bakindly agreed to allow me to obse
and video-tape the Mathematics lessons for abauteeks.

After each topic, | would like to talk to a few @ren about the work they would have dg
during that week; | will plan a suitable time withe teacher. | would need to video-record
conversations, so that | can listen to them agater.l Please note that | will not be testing
children in any way and that the videos will notirstched by anyone else

If you prefer that your daughter does not take,gadase fill in the form below and return
through your class teacher. In case of any diffjcytlease contact me on [TELEPHONE]
send a message through your child for me to cogtactThank you for your cooperation.

Sincerely,

Marie Therese Farrugia

| understand that Mrs. M. T. Farrugia would likerézord some of the children while she spe
to them about the Mathematics work covered duteguteek. However, | would prefer that r

daughter dodgakmopart in this activity.

Parent’s / Guardian’s signature :

ear

ne
the
the

it
or

aks

* English and Maltese versions were printed baekaok
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APPENDIX D

The participating pupils (cf. Section 5.5.2)

The pupils selected for participating in the intews had been described as follows by their

respective teachers:

Grade 3
‘High Achievers’ ‘Average pupils’ ‘Low achievers’
Maria Charlotte Fiona
Petra Jessica Melissa
Sandra Kelly Ramona
Sonia Kim
Lara
Grade 6
‘Very Good’ ‘Good’ ‘Fair’ ‘Weak’
Clare Celia Charmaine Josephine
Claudette Dorianne Monica Katrina
Joanne Federica Stefania
Rachel

Four topics were observed in all. | paired the |sufair the interviews as follows, being guided

by their teacher’s suggestions regarding diffepemsonalities:

Grade 3 Interview pairs

Length Multiplication and Division

(A) Sonia + Jessica
(B) Petra + Charlotte
(C) Kim + Fiona

(A) Maria + Sandra
(B) Lara + Melissa
(C) Kelly + Ramona

Grade 6 Interview pairs

Length Graphs

(A) Joanne + Federica
(B) Celia + Katrina
(C) Clare + Monica

(A) Claudette + Rachel
(B) Dorianne + Stefania
(C) Charmaine + Josephine
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APPE

NDIX E

Mathematical words selected per topic (cf. Sectioh.5.3)

Year 3 Year 6 Year 3 Year 6
Multiplication & | Graphs Length Length
Division
Multiplication Graph Centimetre/s Centimetre /s
Multiply by Block graph Metre /s Metre /s
Times Bar graph Kilometre /s Millimetre /s
Tables Measure/s/ed/ing Kilometre /s
L (Straight) line graph _
Division _ Measurement/s Measure /s/ed/ing
- Pie-graph/chart _
Divide by Estimate Measurement /s
) x-ly-axis /axes
Grouping / Long/er/est Longer / er /est
Represent / in
Sharing P . J Short/er/est Short / er /est
Plot /ing /ed
| Length/s Length /s
Scale Width Width
D dicul
rop a perpendicular Height Breadth
Data Height
Perimeter
Spans(hand/arm/foot)
Regular
Irregular
Metric
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APPENDIX F

Time-frame for Data Collection 2002 - 2003 (cf. Séion 5.6.1)

December 2002
Wednesday 4 Meeting with Head of School
Wednesday 11 Telephone contact with teachers &ub&ina
Wednesday 18 Meeting with teachers to explainarebeproject; choice of topics finalisg
over the phone mid-January.
Christmas Holidays + waiting time
January 2003
Monday 20 Letter to Parents
Tuesday 21 First trial lesson Years 3 & énffarisation & camera trial)
Wednesday 22 --

Thursday 23

Second trial lesson Years 3 &fffiarisation & camera trial)
(Union Directive)

Friday 24 Trial Interview with three Yeapupils

Teacher Interview (General discussion re use gjuage)
Monday 27 --
Tuesday 28 Trial Interview with pupils Yeaa®d Year 6 pupils (pairs)
Wednesday 29 Extra observation of Year 6 (fanisiion)

Teacher Interview Lengthl Year 6

Thursday 30

Friday 31 Extra observation of Year 3r(fitarisation)
Teacher Interview Lengthl Year 3
Revision and Exams
(GRADE 3 lessons & interviews) (GRADE 6 lessons &terviews)
February 2003
Monday 17 Length 1
Tuesday 18 Length 2
Wednesday 19 Length 3
Thursday 20 Length 4
Friday 21 Length 5
Monday 24 Children Interview (A) Length 1
Tuesday 25 Children Interviews (B) & (C) Lém@
Wednesday 26 Length 3
Thursday 27 Teacher Interview Length (Partl) ndtk 4
Friday 28 School Activity
March 2003
Monday 3 MIDTERM
Tuesday 4
Wednesday 5 Teacher Interview Length (Part 2)| Length 5
Multiplication & Division 1
Thursday 6 Teacher Interview M&D1 Length 6
Multiplication & Division 2
Friday 7 School Activity
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Monday 10 Multiplication & Division 3 Length

Tuesday 11 Multiplication & Division 4 Lenggh

Wednesday 12 Multiplication & Division 5 Children Interview (A), (B), (C)

Thursday 13 Teacher Interview Length2 (Part 1

Friday 14 Teacher Interview Length2 (Rart

Monday 17 Children Interview (A) Teacher Interview Graphs 1
Children Interview (B)

Tuesday 18 Children Interview (C)
Teacher Interview M&D2

Wednesday 19 Public Holiday

Thursday 20 |

Friday 21 School Activity

Monday 24 Graphs 1

Tuesday 25 Graphs 2

Wednesday 26 Graphs 3

Thursday 27 Graphs 4

Friday 28 Graphs 5

Monday 31 Public Holiday

Tuesday A(April)

Children Interview (A)
Children Interview (B)
Children Interview (C)

Teacher Interview Graphs2
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APPENDIX G1

Floor Plan Year 3 (cf. Section 5.6.2)
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APPENDIX G2

Floor Plan Year 6 (cf. Section 5.6.2)
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APPENDIX H1

Teacher interview: general discussion on languagef( Section 5.6.3)

General Language Use

1. One of my own interests in language was to obseove teachers might use Maltese to
teach Maths. I noticed that you hardly used Maltgsal. Tell me about how you choose
to use language.

2. How was the school policy for language for mathersadecided upon? Are there other
subjects that you teach through English?

3. | noticed that many of the children are Malteseakja.

a.

b.

C.
d.

e.

What are advantages and disadvantages of usingsknigl class for these
children?

Does their knowledge of English limit you in the ywgou explain, or give
examples?

Do you think that using English affects childrepaticipation?

Do you think that using English might limit theix@anations (e.g. length or
complexity).

What would be advantages and disadvantages of Matigsethroughout?

Mathematical Vocabulary

1. My main objective is to focus on the teaching ottmanatical words.

a.
b.

C.

What would you consider to be mathematical vocapfl&ive some examples.
Would you normally refer to words as ‘mathematical’ do you refer to them in
some other way to yourselves?

Do you indicate such words in any way to your @il

2. Do you ever find yourself translating sfiesvords into Maltese?
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N o g M w N PRE

APPENDIX H2

Teacher interview Year 3 Length 1 (cf. Section 5.8)

What would you say are the main teaching pointsHisrtopic?

What would you consider to be the ‘key’ mathematiceabulary for this topic?

I've also noted these words: what do you think® (= below)

Do you think that the girls are already familiatiwihe words you've mentioned?

On the other hand, perhaps there are ‘new wordkickMones might these be?

Are some of the meanings of the words of this ttgicler to teach than others?

Are there instances when perhaps Maltese may aofmanidy during the teaching of this

topic?

(presented on separate sheet)

Vocabulary (Length : taken from textbook)

Length
Metre
Centimetre
Kilometre
The nearest
Estimate
Measure

268



APPENDIX HS3

Teacher interview Year 3 Length 2 (cf. Section 5.8)

1. I identified these topic related words this weekial ones do you think were new and
which ones familiar?sge lis}

2. What meaning do you think you shared with the childegarding the following:
e metre - centimetre - kilometre
* length - width - height
e Measure - measurement
e Estimate
* Measure

3. Tell me about these instances from your lessons:

a. Using your finger in relation to the centimetre.

b. When you asked them to measure a table etc. foehgou left them free to
choose any part of the item that they preferred.

c. You asked children to open their arms wide, andnesaid you're like a
scarecrow at one time! Why did you do this?

d. | noticed that for the idea of estimation you tallka&bout ‘roughly’, ‘nearest’ etc.
in relation to their measuring activity (desk esrjd then introduced theord
itself in the third lessonNow when you estimate it means that we are going to
say ABOUT how much”On the other hand, for ‘metre’ and ‘centimetreuy
started the first lesson with the word&Hen we talk about length, measurement,
we talk about metres and centimetres. Now if watva know how long
something is or how wide an object is, we havedasure with a measuring tape
or a ruler. Then have a look at the measuring tapel we will look at the
centimetre’s (You then wrote metres and centimetres on thedetc). Tell me
about the difference in approach.

e. You had said in our first discussion that the westimation’ was a “scary one”.
After the week of lessons, tell me more about that.

4. When talking to the children, | noticed that they dot recall the words ‘width’, ‘height’
and ‘estimate’; one of them remembered ‘height'.
a. Does this surprise you or not?
b. Is it something to be concerned about at all?

Contd.
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| noticed that two children drew on their experiemavhen | pressed them about width
and height. Two girls thought | meant ‘with’, ogel thought of ‘height’ as the Maltese

‘hajt’(cotton thread) while another thought of Made ‘hajt’ in the sense of wall. Do you

think that the fact that other words sound the seoud be a problem?

Many of the words relevant to this topic have Msdtequivalents. | noticed you didn't
use them. Tell me about this.

| noticed that children talked to each other in tdsé, both socially and about Maths (in
groups). What is your comment about this consideymur opinion about the importance
of doing Maths in English? Can you clarify what yfeel should be the English aspects
of the lesson therefore?

I’'m wondering if you could actually teach the weitt form explicitly say, by translation
while conducting lessons in mixed Maltese and BhgliWhat do you think about this?

(Did you ever do something like this or have yowagls taught in English as you do
now?)

Contd.
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metre
centimetre

kilometre

length
width

height

longer

shorter

estimate
measure

measurement
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APPENDIX HA4

Teacher interview Year 3 Multiplication & Division 1(cf. Section 5.6.3)

What would you say are the main teaching pointsHisrtopic?

What would you consider to be the ‘key’ mathematiceabulary for this topic?

Do you think that the girls are already familiatiwihe words you’'ve mentioned?

On the other hand, perhaps there are ‘new wordschimes might these be?

Are some of the meanings of the words of this tbgicler to teach than others?

Are there instances when perhaps Maltese may coimenidy during the teaching of this

topic?
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APPENDIX H5
Teacher interview Year 3 Multiplication & Division 2 (refer section 5.6.3)

. | identified these topic related words this weekial ones do you think were new and
which ones familiar?sge list beloyv

. What meaning do you think you shared with the cbildegarding these words:
a. Multiplication — multiply by
b. Times
c. Division — divide by
d. Sharing - grouping
e. tables

. You said the following about multiplication. Tellerabout them.
a. “multiplication is instead adding”
b. “multiplication is repeated addition”
c. “multiplication is repeating a number/ repetitiditlee same number”
d. “Multiplication is instead of counting”
e. “for multiplication the number becomes larger/bigge
f.

“multiplication is ‘the easy way out

. You said the following about division. Tell me abthem.
“division is repeated subtraction”

“division is the opposite of multiplication”

“when we divide, the number becomes smaller/less”
“when we are grouping, we are dividing”

ooop

. Let's take '3 x 4.
a. What would you wish to share with the children relgag ‘3 x 4'?
b. At one time you told the children ‘we must makeifedence — we must know
what the numbers stand for’. Tell me about this.

. At one time with reference to a set of stamps yamabook) you said “it's the same,
they’re going to give the same answer”. What did yean by this?

Contd.
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7. You had done some similar work in December.
a. Tell me about what you had done.
b. The significance of the written note$"(®ecember)
c. | noticed that the girls already knew the ‘table§3, 5, 10, which you used for
this week’s groupings. Tell me about the order Imolv you plan the work.

8. We could use Maltese equivalents (timmultiplikedividi, tagsam...). Do you think this
would be useful?

9. In general | felt that you used the Maths wordsertban the girls.
a. What do you think?
b. Is it useful for the girls to use the words (e.gltiply, share etc)

10. Now that the process is ended, tell me how youdbelt having me in the class.

(presented on a separate sheet)

multiplication
multiply by

times

division

divide by

sharing

grouping

tables
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APPENDIX H6

Teacher interview Year 6 Length 1 (cf. Section 5.8)

What would you say are the main teaching pointsHisrtopic?

What would you consider to be the ‘key’ mathematiceabulary for this topic?
I've also noted these words: what do you think® (st)

Do you think that the girls are already familiatiwihe words you've mentioned?
On the other hand, perhaps there are ‘new wordkickMones might these be?

Are some of the meanings of the words of this ttgicler to teach than others?

N o g M w N PRE

Are there instances when perhaps Maltese may aofmanidy during the teaching of this

topic?

(presented on a separate sheet)

Vocabulary (Length and Perimeter)

Length

width
perimeter
metre
centimetre
millimetre
kilometre

Unit

To the nearest
Distance
Trundle wheel
Measuring/inch tape
Approximate
Estimate
Measure
Convert
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APPENDIX HY
Teacher interview Year 6 Length 2 (cf. Section 5.8)

| identified these topic related words this weekick ones do you think were new and
which ones familiar?sge list beloyv

. What meaning did you wish to share with the chiidiegarding the following:
a. metre - centimetre — millimeter - kilometre

b. length - width - height — perimeter
c. Measure - measurement

d. estimate

e. regular /irregular

f. metric

| noticed that the girls in general did not re¢ladl word ‘metric’. Would this worry you?

| think that in general, you used mathematical wartbre than the girls. How important
is it for the girls to use the mathematical wolttesmiselves?

. Tell me about these instances from your lessons:

a. | noticed you used a lot of ‘why’ and ‘what do ythink’ type of questions. Tell
me about this approach to teaching Maths.

b. | noticed that in the first lesson, you introducgdot of vocabulary and said
“today we discussed the words, tomorrow we will wga”. Tell me about this
approach.

€& You mentioned that ‘length’ and ‘width’ are nambattare given like ‘Jessica’ is
a name for a girl. Tell me about this. At one tiyoa told someone that the words
length and width are interchangeable. Tell me atiosit

| noticed that it was during the story sums lessizet you used some Maltese, in
particular to explain to a few of the pupils. Tk about this.

. Many of the words relevant to this topic have Msdtequivalents. | noticed you didn’t
use them. Tell me about this.

. I noticed that children talked to each other in fésé, both socially and about Maths (in
groups). What is your comment about this consigeyimur opinion about the importance

of doing Maths in English? Can you clarify what yfeel should be the English aspects
of the lesson therefore?

Contd.
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9. Girls seem to manage OK with English. I'm wondenivigether it's because by this age,
children have had much more exposure to the lamguag only from Maths but from
other experiences. I'm wondering about how an aggrasimilar to yours could be used
with Year 1 or Year 2 children.

10.I'm wondering if you could actually teach the weittform explicitly say, by translation
while conducting lessons in mixed Maltese and BhgliWwhat do you think about this?

(Did you ever do something like this or have yowagls taught in English as you do
now?)

Contd.
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metre

millimetre

centimetre

kilometre

hand span, arm span etc.
metric

length

width

breadth

height

perimeter

long / longer

short / shorter

measure

measurement

regular

irregular
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APPENDIX HS8

Teacher interview Year 6 Graphs 1 (cf. Section 5.8)

What would you say are the main teaching pointsHisrtopic?

What would you consider to be the ‘key’ mathematiceabulary for this topic?

Do you think that the girls are already familiatiwihe words you’'ve mentioned?

On the other hand, perhaps there are ‘new wordkickMones might these be?

Are some of the meanings of the words of this tticler to teach than others?

Are there instances when perhaps Maltese may coimenidy during the teaching of this

topic?
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APPENDIX H9

Teacher interview Year 6 Graphs 2 (cf. Section 5.8)

. | identified these topic related words this weekial ones do you think were new and
which ones familiar?sge list beloyv

. What meaning did you wish to convey regarding tloeds?

. These are all called ‘graphs’. What is the samevamat is different about block/bar/line
graphs/pie-charts.

. You chose to use copybooks with 2mm markings. fellabout this.

. Sometimes the girls had difficulties in working ¢ questions. What is it that they find
difficult?

. Tell me about these instances from the lessons:

a. What did you mean when you said “a graph is totsegs more clearly / more
easily”?

b. What did you mean when you said “a graph is a poay of doing our sums”?

c. You used the expression ‘drop a perpendicular’ eviiile girls did not use it.
What do you think about this?

d. You asked the girls what the pie-chart remindedntlzaxd mentioned yourself:
cake, pie, purse. The girls mentioned ‘prickly peaircle, alarm clock, my
glasses. What was the significance of this dison8si

e. | noticed that some girls (Daniela, Clare, Monidaean) coloured cm widths for
the line graph. What do you think of this?

.| felt that that you used more Maltese in this ¢apian for Length. Are you aware of this?
Why do you think this happened?

. What is your opinion about sentences like this e used by the girls:

a. “l did them plus”

b. “the y-axis, | did them 4cm”

c. “Each piece three hours, mela six hours. Schawrte six hours”.

. Now that the process is ended, tell me how youafedtut having me in the class.

Contd.
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graph

block graph
bar graph
line graph

pie-graph (chart)

X-axis
y-axis
data

plot
represent

scale

drop a perpendicular
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APPENDIX 11

Pupil interview Year 3 Length (cf. Section 5.6.4)

. There’s a new friend called Jessica going to jmaryclass. Tell you new friend about
what you learnt this week that's important for herknow. She doesn’t understand
English so we’ll have to explain everything in MAESE. (Let girls talk freely, then
mention words that do not crop up in conversates, list)

. Now another friend comes along, Rosie, this time ghly understands English! Let’s
explain to her again in ENGLISH.

. Tell me about the homework when the teacher as@ado/measure things at home.

. Nadia mentioned a way to remember half a metre, thacher used it and also a way to
remember the ¥ metre? Do you recall this? Didlihe

. Which of these words (mention from list) were newyou this year?

. Are these words (mention from list) in Maltese oigiish? Do you know Maltese words
for these?

. What do you think about the fact that the teaclseislEnglish in class for Maths? How
do you prefer to speak to teacher, to classmates?

Contd.
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metre
centimetre

kilometre

length
width

height

longer

shorter

estimate

measure

measurement
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APPENDIX 12

Pupil interview Year 3 Multiplication & Division (c f. Section 5.6.4)

. There’s a new friend called Jessica going to jaiaryclass. Tell your new friend about
what you learnt this week that's important for herknow. She doesn’t understand
English so we’ll have to explain everything in MAESE. (Let girls talk freely, then
mention words that do not crop up in conversates, list)

. Now another friend comes along, Rosie, this time shly understands English! Let’s
explain to her again in ENGLISH.

. Which of these words (list) were new to you thiange

. Are these words (mention from list) in Maltese aigiish? Do you know Maltese words
for these?

Here are some things that the teacher said abdltiplication this week. | wonder what
she meant?

“multiplication is instead of adding”

“multiplication is repeated addition”

“multiplication is instead of counting”

“for multiplication the number becomes larger/bigge

“multiplication is ‘the easy way out”

copoTp

. Here are some things that the teacher said abestadi this week. | wonder what she
meant?

a. “division is repeated subtraction”

b. “division is the opposite of multiplication”

c. “when we divide, the number becomes smaller/less”

d. “when we are grouping, sharing we are dividing”

. Let’s look at your & December notesHelist of key words for multiplication & divisign
Tell me about them.

Contd.
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8. Look at this card: [flashcard 6 x 5]

9. Tell me about this is all about.

10.Are 6 x 5 and 5 x 6 the same?

11. (Refer to stamps diagram [a rectangular arrpyHow can you find the number of
stamps? At one time with reference to the setahps the teacher said “it's the same,
they’re going to give the same answer”. What del istean by this?

12. Tell me about this card [123] (children to read and explain). Is it sam8as12?

13.What do you think about the fact that the teaclseisEnglish in class for Maths? How
do you prefer to speak to teacher, to classmates?

(words presented on a separate sheet)

multiplication
multiply by

times

division

divide by

sharing

grouping

tables

285



APPENDIX 13

Pupil interview Year 6 Length (cf. Section 5.6.4)

. There’s a new friend called Jessica going to janryclass. Tell you new friend about
what you learnt this week that's important for herknow. She doesn’t understand
English so we’ll have to explain everything in MAESE. (Let girls talk freely, then
mention words that do not crop up in conversatee, list)Check out interchangeability
of length and width].

. Now another friend comes along, Rosie, this time shly understands English. Let's
explain to her again in ENGLISHG6 through list systematically

. Which of these words (mention from list) were newyou this year?
. Are these worddiét) in Maltese or English? Do you know Maltese wdatshese?
. What do you think about the fact that the teaclsesstuEnglish in class for Maths? What

would you think of lessons completely in Maltesd®w do you yourself prefer to speak
to teacher, to classmates?

Contd.
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metre

millimetre

centimetre

kilometre

hand span, arm span etc.
metric

length

width

breadth

height

perimeter

long / longer

short / shorter

measure

measurement

regular

irregular
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APPENDIX 14

Pupil interview Year 6 Graphs (refer Section 5.6.4)

. There’s a new friend called Jessica going to jaiaryclass. Tell your new friend about
what you learnt this week that's important for herknow. She doesn’t understand
Maltese so we’ll have to explain everything in MAESE. (Let girls talk freely —
remembeFocus on cm representation, axes etc. How did yaidd on how big to draw
the graph?hen mention words that do not crop up in contamsasee list).

. Now another friend comes along, Jessica, this sheedoesn’t understand English. Let's
explain to her again in ENGLISH.

. Which ideas / words were new to you this year?
. Why do you think the graphs are given these hames?

. At one time the teacher said “a graph is a pioag to work out our sums” and “a graph
helps us to see things more clearly”? What didnsban by this?

. The teacher used the expression ‘drop a perpeadi@few times. What did she mean
by this?

. You coloured cm widths on your line graphs. Tellabeut this.

. At one time the teacher asked the class to thiokialvhat the pie-chart reminds you of.
Did you suggest anything? Why do you think she @gke: to do this?

. What do you think about the fact that the teaclsestEnglish in class for Maths? What
would you think of lessons completely in Maltesd®w do you yourself prefer to speak
to teacher, to classmates?

Contd.
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graph

block graph
bar graph
line graph

pie-graph (chart)

X-axis
y-axis
data

plot
represent

scale

drop a perpendicular
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APPENDIX J

‘Kangaroo’ Transcription, Multiplication and Divisi on Lesson 5 (cf. Section 9.5.2)

(There is a number line drawn on the whiteboard. pbgil Angela has marked arcs representing
kangaroo hops: from 0 to 3, 3 to 6 and 6 to 9 lustlate the textbook question that states that the
kangaroo has landed 0.9

Teacher: In order to reach the number nine, thg&ao has to do THREE hops.
What are we doing to the numbers here? Sonia?

Sonia: Counting in threes.

Teacher: Counting in threes. Very good. Can | levather em, answer (...) What
are we doing?

Pupil 1: Grouping in threes.

Teacher: Good girl! We are grouping in threes. Very good. We are pirayl in
threes (...). And instead of grouping, what can weasawell?

Katia: Adding.

Teacher: [For] adding we are multiplying reallyh# we are grouping in threes,
what can we say?

Melissa: Jumping in threes.

Pupil 1: Times.

Teacher: No, it's not times. We are GROUPING ieéls. Sharon?

Sharon: Dividing.

Teacher: We are DIVIDING. When we are groupingiding (...) sharing, they all

mean division. So, when we are grouping in threesare dividing. Now
if your number is too big, we cannot go on writialf) the numbers here
(touches number lineand doing all these archdsiches the arches that
Angela had drawn on the whiteodrand trying to group them, all right?
What can we do instead?

Pupils: Some hands go up

Teacher: Jessica?

Jessica: Times.

Teacher: No! Sharon just said [it]. What can | flafoking at Sharon

Sharon: Division.

Teacher: Division! Now can you work out a divisi@n me from this?

Pupils: Some hands go yp

Pupil 1: Three division by three.

Teacher: Three division by three is going to giwe one. The kangaroo jumped
until it reached nine.

Pupils: Miss! Miss!

Teacher: Petra?

Petra: Six division by three.

Teacher: $ounds irritatell Oh, where are you getting the six from?!

Pupil 2: Nine division by three.

Teacher: Teacher does not appear to hear this resppnse

Pupils: Miss! Miss!

Teacher: Let's see... Kim.

Kim: Three division by nine.

Teacher: We can't divide three by nine. Turn thenbers.

Kim: Nine division by three.

Teacher: Nine division by three. (...) one hop ie¢hnumbers OK? (...) | have to
take the number and divide it by three, becausekdmgaroo jumps in
threes.

[G3M&D5minute46]
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