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. Chapter 1
Introduction
In 2000 the Government of Ontario introduced a new secondary school
curriculum. This seeoﬁdary curriculum included, for the first fime, extensive detail with
regards to th teaehers should ass.ess‘ stqd'ent achjevement. Under this new assessment
system, stedent wpfk was to be assessed u'nder‘ four categories, one ef which was
' corhmunic‘at.‘ion.v Cemmupieatien wés deﬁned'ih_ the 2005 revision of the curriculum to be
“The conveyiﬁg of meaning through various oral, written and visual fbfms” (The Ontario
Curriculz;m: Mdthématics (R@ised), p. 25), for the purﬁoses of this research this
definition has been adopted. An exampié ofa potential eommunication question is shown
in Figure 1. This question can be considered a; commﬁnication because it requires students
to e);press their mat;hemétieal thihking and 1n é;}:group diseusSien sitﬁéﬁon students can
~ build upon one anether’s underétandin'gs to create a deeper collective understanding of
the ﬁatﬁemaﬁeai ideas of equatiqns and expréssions reflected in tﬁe :questi‘o'n.’
Communjcétion was alse identiﬁ(ec‘ly as one of the seven process expectations of the
- revised curriculqﬁi. Buf Whgt was teachers’ hnderstandiﬁg qf corvnmunication' inl\
n‘lethema‘ti\csb? How doeé a claés;oefn te‘ac}klex'»{l‘(now h(’)‘w. te ‘teach and éésesé |
eomuﬁcatioe in their classroein’é In this introducteryl chepter I»presen;ak brief
1tu)a:ellivg(round about comniunieation as presented in the Ontario Secondary School
curriculurﬁ an;i previae coﬁtexf ¢tv'oi;l my ewn ﬁéoti\}atieﬁs fer reseafching fhe fopic of

communication in mathematics.
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Small group and whole group discussion: Draw an “X” through the example that does not
| belong. Justify your answer. .+

;‘a)

- C=10t+1

P=2l+2w

Fi igdre 1. Sample communication question, adaﬁted from TIPS4RM (Targeted
Implementation and Planning Strategies for Revised Mathematics) (2005): Grade 9 |
Applied | ‘ - |

- Well éfter the implerﬁentation of The Ontario Currfculum: Mathema}ics (2000)

Aand The Ontario Curfriculym:rMathematics_ '(Re,vised) (2005), members of th¢

méthematics departmeﬁt atbthe school v\.Nhere I teach were still having con?ersafions

explbring the nature of ¢§mmunication in mgth¢matics (i..e., mathematical form versus

explanations written in prose) and the scope of communication (i.e. identifying



communication questions). The uncertainty was caused by the emphasison . -

communication in this new curriculum, highlighted by its inclusion as one of the -

achievement chart categories. Professional development sessions provided by our Board

emphasized the new evaluation structure using levels and rubrics with general references

to the four assessment categories. Figure 2 shows an excerpt of the communication

category of the achievement chart. My department developed various strategies for

teaching and assessing communication over time and fhrough much collaboration. The

only external voice participating in the development of these understandings or the

methods that are being used to put teachers’ ideas into practice were the documents and

‘resources published by the Ministry. Yet these documents and resources were published

years after the implementation Qf the 2000 curriculum. :

50-59% 60-65%
('.EVE' ‘) (Level 2)

. Communication The conveying of meaniing through various forms

" Expression and organiza- -
" tion of ideas and mathe- -

matical thinking (e.g.,

_clarity of expression, logi-

cal organization), using
oral, visual, and written
forms (e.g., pictorial,
graphic, dynamic,
numeric, algebraic
forms; concrete
‘materials)

- Communication for dif-
ferent audiences (e.g.,

peers, teachers} and pur-

poses (e.g., to present
data, justify a solution,

express a mathematica) © ¢

argument) in oral, visual,
and written forms

Use of conventions,

vocabulary, and terminol-
ogy of the discipline (e.g.,

- terms, symbols) in oral,
visual, and written forms

The student:

70-78%
{Levei 3)

80-100%
{Level 4)

- expresses and orga-

. nizes mathematical’

thinking with limited
effectiveness

- communicates for
different audiences and
purposes with «.-. .
limited effectiveness

-~ uses canventions, -
vocahulary, and
terminology of the

" discipline with limited -

effectiveness

. - expresses and orga- - ..
nizes mathematical
thinking with some

~ communigates for
different audiences and
purposes with some - :

~ uses conventions,

terminology of the
discipline with some

;= expresses and orga-

nizes mathematical -
thinking with consider-
able effectiveness

- communicates for
different audiences and

. purposes with
considerable

effectivenass

~ uses conventions,
vocabulary, and
terminology of the
discipline with
considerable
effectiveness

. - expresses and orga-

nizes mathematical
thinking with a high
degree of effectiveness

~ communicates for
different audiences and
purposes with a high
degree of effectiveness

~ uses conventions, -

vocabulary, and
terminology of the
discipline with a high
degree of effectiveness -

. Figure 2. The Ontario Ministry of Education (OME) _2 ()05 Achievement Chart for

Mathematics — Communication Section
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“In niy roles as teacher,:mafhematics department head in an Ontario secondary

| school, and occasional-facili{ator in-service sessiens within my school board. I have
experienced both the evolution of the curriculﬁm and tedchers’ reaction to it. This
research investigates the nature of communication in mathematics from the teacher’s
point of view. The research involved a case study of 12 secondary mathematics teachers
working af a board which I refer to as Board P in Ontario. I eollected interview data to
build a pictl.lre"ovf how the teachers in this gfoup view communication in mathematics. My
goal was to explore how these teachers understand communication in mathematics and
how that understanding has developed.

Even (2003) points out that “mathematics educa‘_cion research is often accused of
having only a minor impact on praetice’; (p. 38). By examining the texts of the teacher
interviews in the context of current research en ’communicatien in mathematics [ wish to
determine how theory, research and policy intersects with classroom practice specifically
. hew much thedry,_resedrch and policy on communication is in evidence in the classrooms

within Board P. |

1.1 Research Questiods

The purpoee of this study is to investigate what teachers understand
communication in mathemafics to be. Specifically I wish to explore: How do secondary
mathematics teachers understand communication in mathematics? By this I mean — what
do teachers consider to be communication? And how has teachers’ understanding of
coﬁlmunication developed? To explore these research quest"i‘ens 1 esked teachers about

their practices and opinions surrounding communication in mathematics. I also



investigated the resources available to support teachers in their task of implementing

communication in mathematics in their classroom practice.



Chapter2 . -
+ Literature Review
‘Numerous resear‘chersthave argued that in order to implerhent a new direction in |
curriculum it is essential to bring about change in the beliefs and value systems of the»
teachers (Powell & Andersqm 2002; Sowell & Zambo, 1997). According to Anderson
and Piazza (1996), teachgrs are the key agents of change in i‘mplementing anew
curriculum and it is important that individual teachers understand and support the new. .
system sufficiently so-they can adapt it for use in their classrooms (Case, 1994).
Although teachers can be powerful agents for change, they also can be a source of
resistance to change. There could be many reasons fér this“resistance. Firstly, teachers are
being asked to implement a pedagdgj; different from bne they\experience'd as'students
(Andersén & Piazza, 1996): Sec'ondly,-some Ateavichers hold the opinion that mathematics is
rigid and‘algorith:ﬁic — one that conﬂicfs:with many recent curriculum 'feforms (Gregg,
1995). Thirdly, feachers may be concerned that the new curriculum direction will make it
harder to cover the curriculum in the time available (Keiser & Lambdin, 1996). Finally, . .
teachers have to recognize a need fdr change and be willing to let go of old practices
(Sowell & Zambo, 1997).
| To situate the context of research on curriculum change that cenfers on .-
communication in mathema‘tics?‘I have reviewed literature on the role of communication
in learning as weli as its various modes and benefits. But before the literature review to -
provide appropriate liistory'on teachers’ understandings of mathematics communication
and the tools available to them, I-examine the curriculum doéumenfs that have been used
in Ontario secondary schools from 1985 up to.the current currivculum,introduéed in 2000

and its revisions introduced in 2005. Also included is an examination of a variety of



support documents available to classroom teachers. I also examine the research on
standardized testing in Ontario as provided by the Education Quality and Accountability
Ofﬁce (EQAO) and the influence such testing has had on teachers’ practice.

2.1 Curriculum Documents in Ontario

MENER "Key resources teachers use when implementing currii:ulum are the documents
provided by.the Ministry of Education. The Ontario Curriculum: Mathematics (Revised) .
(2005) provides a framework for accomplishing the Ministry’s goalsto “equip them [the
| teachers] with essential mathematical knowlédge and skills; with skills of reasoning,
problem solving, and communication; and, most importé.ntly; with the ability arid the
incentive to continue learning on their own” (p. 3). Tci situate my research I chose to .
examine three séts of (iurriculumldocuments: ‘Ctirriculum Guidelines: Mathematics,
" Intermediate and Senior Divisions (1985), The Ontario Curriculum: Mathematics (2000)
and The Ontario Curriculum.' Mathematics (Revised) (2005). These documents represent
the curriculum that introduced the current emphasis on communication in mathematics, in
both its original and revised form as well as the precﬁrsor.to the 2000 curriculum.

The first cor_npleie set of curriculum documents to refer to the idea of
communication with respect to mathematics is the Curriculum Guidelines: Mathematics,
Intermediate and Sé'nior DiViSi'ons (1985). In the Process Components section under
Language and Mathematics a distinction is made between “Language used to develop an
undeistanding of mathematics”™ having students explain their understanding of
mathematical concepts — and “Mathematics as a language”:—-‘leamirig the ,speciﬁc verbal
* and symbolic voéabulary that is unique to Iiiathematics (p. 17). In all courses in the

intermediate division, uiider the éims of each course (7/8, 9/10 basic, general and
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advanced), communicatioﬁ is mentioned: “courses should be designed to develop 'facility

in communication skills involving the use of the language and notation of Mathematics™ -
(1985, p. 40). In'the senior division, howevef, communication skills are only an aim in the
highest of the three levels of courses: basic, general and advanced. -

The Ontario Curriculum: Mathematics (2000) states that “the importance of
communicétioh in mathgr_natics is a highlight of the ‘secondafy school curriculum;’ (p. 4).
This importéncé is reaffirmed by the new inclusion of communication as a category in the
Achievement Chart tdbe used to guide assessment practices in Mathematics. Students are
expected to “communicate reasoning orally, in writing and graphically” and “using
mathematical language, symbé!s, visuals, and conventiqns” (p. 77). The documents state
that "‘students will learn to write [using prose] about tﬁeir use of mathematics, effectively
: incbrporating mathematical forms” (2 4).'Thé c:urriculum' documents, especially The -

Ontario Curriculum: Mathematics (2000), also attempt to reflect the rich variety - -
“embedded in the idea of communication. These documents indicate that cofnrhun_ication :
should take many modes: oral, visual, and written (both psing algeb‘raic\\representation ’
and prose), and that it should include explahations of mathematical reasoning, ».
understanding and 'purpbses; An example of mathematical writing using prose might be
When a student explains why he or she knows which mathematical‘ tool to use to solve a
problem. An cxarﬁple of Wﬁting uéing algebraic representation might be the algebraic - |
steps to solving the equation 4x> + x =‘3i. :
" In the 2005 revision of these documents, The Ontario Curriculum: Mathematics :
(Revised), the role of communication is expanded even further, COfnmuhication is one of
the mathematical processes that support effective léarhing in mathematics. The

documents state, “Communication is an'essential process in learning mathematics” (p.



16). Students are intended touse communication’fo “reflect upbn and to clarify ideas,
| relationships, and mathematical arguments” (p. 16). In the Achievement Chart, the roleﬂof :
communication in instruction and assessment is expanded as: “expression and
organization of ideas and mathematical thinking, communication for different audiences
and purposes and use of conventions, vocabulary and terminology” (p. 21). In all cases
communicétion is expected to be assessed in oral, visual and‘ written modes.
These documents reflect the Ministry of Eduéation’s view of communication in

~ mathematics. The review of the curriculumdocumehts, 1985 through 2005, showed
clearly that the role of cqmmunication in mathematics grew in importance in both -
instruction and assessment over this time period. What began as a need for students to
develop facility with comimunication has evolved to become an essential process to be
assessed and reported on; this new emphasis is shown by inclusion of communication as
an explicit assessment category: Although the importance of communication is clear, the
~underlying beneﬁts are not emphasized — this may make it difficult for teachers to accept '/
this new positioning of, for instance, writing in prose in a subject where writing in prose
is very non-traditional, - = .

- However clear if may be that the Ministry of Education intends teachers to -
incorporaté communication about mathematics in its many modes into their teaching
practices, it appears that an important piece of information is not well articulated: what
does communication look like in the classtoom?.Since the idea of writing about and "
explaining mathematical concepts using prose rather than just providing a-solution using
symbolic algebraic repreéentation, for instain’ce, is relatively hew, hbw does a classroom
téacher know how to teach and assess communicatioﬁ in their classroom? It ié important

to remember that most teachers in Ontario were schooled under the 1972 or 1985 -
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curri_culum documents where mathematics mostly emphasized computational skills, -
'Symbolic procedures, written calculations, and rarely, if ever, were students expected to
write about or discuss their ideas in mathematics using prose. To determine how a teacher
_might then translate the ideas about 'curficulum reflected in these docunzlents Ilooked at
the tools and resources available to the-classroom teacher that are intended to help them .

practise what is intended in the curriculum.

2.2 Curriculum Resources and Tools -

- Ross, Hogaboam—»Gray and McDougall (2002) consider that the most powerful-

- method for implementing curriculum change is teachér in-service training. Sowell and
Zambo (1997) and Powell and Andérson (2002) both éssert.that new textbooks and
guidelineé are insufficient to motivate c-hangev..Pirice, Ball and Luks (1995) conéider that
" new curriculum implementation in the absence of sustained in-service has little effect.
- Potvin and Dionﬁe_ (2007) support this by stating that in-servicg training is a basic -
requirement of successful implementation of curriculum changes.

Potvin and Dionne (2007) state that this in-service should be in the form of a -
coaching model rather vtlvlan purely presented in the form of theory. Teachers need time to
Question and reflect on new practices, become convinced of their merits and ihcorporate
them into the teachérs’ own Belief systems; in-service programs should help teacﬁers
clarify the vision of the new curriculum for themselves (Sowell & Zambo, 1997). It is
important that teachers have time for both private and public reflections on change . - |
(Fullan & Connelly, 1990; Grimmett & Erickson, 1988; Ker’riissis, 1987) and that in--
service and the change itself occur in a supportive school and community environment

(Powell & Anderson, 2002). Silver and Smith (1996) maintain that the ability of teachers
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to cope with the many challenges of implementing curriculum changes may depend on
'theirvability to form supportive, collaborative communities of practice. .

Other forms of support for teachers are in the form of supplementary print .~ -
documents prepared either by the Ministry of Education or by textbook publishers.
Publication of texts corresponding to the revised curriculum lagged the implementation
dates by at least one yeavas a result the first resource availéble for feachers would have
been the cﬁfriculum documents discussed abo'v'e.‘Oth‘er print resources published by the

~ Ministry of Education include Ontario Cu_rficulum: Exemplars (samples of student work
with notes explaining assessment), Ministry documents published on the Leading Math
Syécess website such as Mathematical Processes (2006), Developing mathematical
literacy (2005), Continuum and corinections package (2006) and textbooks. . ..

" The first resource to be cbnsidered is fhé Ontario Curriculum: Exemplars
" published for grades 9 (2000), 11 (2003) and 12 (2005). The purpose of these documents
~was in part to .“shoiw the connections between what students are expected to learn and
how their work can be assessed” (Grade 9, p. 4). The Exemplar documents include -
samples of student responses, an assessment rubric and teacher notes on assessment. Each
poﬁtains two assignmeﬁts for different courses within the agrade level and each assignment
has its own assessment rubric. In the assessment rubrics contained in the Grade 9
Exemplar document, the critéria for effective communication includes .“identiﬁest
calculations and pfeSents them in a logical, organized way” and “uses mathematical
language, symbols and units accurately” (Grade 9 Academic level, p.14) or “prepares an
organized and clear report, using appropriate mathematical forms” énd “communicates |

graphically using proper form” (Grade 9 Applied level, p. 46).
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£ "In the assessment rubrics éontained in the Grade 11 Exemplar document,
‘communication is considered to be that which “effectively integrates prose and
mathematical forms in the financial report” and “effectively communicates information to
the client in mathematical 1anguagé” (Functions, Grade 11, University/College
Preparatior}, p- 10) or “prepares budget summary for the trip that is detailed, complete and
accurate” (Mathematics qur ’Everyday Life, Grade 11, Workpiace Preparation, p. 69). It is
clearly a chéngev,from the view of communication présented in Grade 9, which was
(

primarily concerned with notation and language, compared with the view of
céﬁununication presented in the Functions, Grade 11, University/College Prebaration'
course, which adds -integration of prose and mathemétical modes of writing.

. The Exemplar documents for both grade 9 and 10 levels i)OSition justifications;
explanations and analyses (algebfaic or prose) Withiﬂ the Thinking section of the-
assessment rubric and not in the communication séc’tion. Yet as we saw in the section on

“curriculum docu.m_ents"_‘in (Sntario mathematical justiﬁcatiqns and explanations are central
parts of mathematical communication as conceived in the literature. By not including’
these topics in the Cqmmunicatio'n section of the assessment rubric, the Grade 9 -
exemplars are feﬂecting a more limited concept of communication: correct ﬁlathefnatical
fdrm and logical presentation of solutions rather than the scope of communication
presented in The Ontario,,Cu‘rriculum: Mathematics (2000) which includes explanation of
mathematical reasbning and understandings.

-+ . In the Grade 12 Exémplar documents, communication is considered to be that
which “clearly communicat_es‘infonnation in diagrams or gréphs”. ahd “effectively
integrates text and mathematical forms” (Advanced Fﬁnptions and Ir}troductofy Calculus,

Grade 12, University Preparation, p. 10) or “clearly communicates information in tables
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or graphs” (Mathematics for Collége Technology, Grade 12, College Preparat.ion, p. 85).
‘ Also, in the teacher notes it is clear that mathematical form, integration of different
mathematical modes, justiﬁcati'ons, explanations and analysis are considered when
assessing communication. These Grade 12 Exemplar documents were written five years
after the implementation of the 2000 curriculum documents and the scope of
communication as reﬂept_ed in the assessment tubrics has exi)anded fo more é.ccurately
reflect the éombination of wriften, graphical and othér,visual modes indicated in the
~ curriculum documents. Since the Exemplar documents only use written assignments, it is
difficult for these documents to reflect any expectations of effective oral commu’nication
in mathematics.
However, for a teacher looking_for’ guidance at the beginning of the curriculum
reforms in 2000, the only Exemplar do‘cumervltsiavailable Werevthe ones for Grade 9,
which,' as seen above, reﬂect a limited concept of communication with its emphasis on
 correct mathematical form and logical presentation of solutions. Exemplar documents for
Grade 11 and Grade 12 weré published three or five years later respectively. It is unlikely
that many teachers are stili actively looking for guidance from the Ministry of Education
to unders£and the Achiévemem Chart (The Ontario Curriculum: Mdth'ematics (Revised),
‘2005, pp. 20-21) categories, especially in communication, five years later but this
vieWpoint’is subject to empirical verification.

. The Minisfry of Education also publishes other documents on their Leading Math-
Success website, which is a website that provides teaching resources for Grade 7 to 12
mathematics classes. I have closely examined three documehts pubiished under the
Targeted Implementation and Planning Stfategies for Revised Mathematics (T IPS4RM)

banner that expand on the Ministry’s vision of communication in mathematics. While
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the_re are many and varied supports including videos; lesson outlines, instrﬁctional '
‘ ‘supports, and planning guides listed on the website, the documents I chose to examine are
those that specifically address communication in mathematics directly.

- The first document, Mathematical Processes (2006), expands on the seven - .
mathematical procéss expectations that are included in every course in the 2005 revised
mathematics curriculunvl:documents; communication is one bf these seven processes. This
document summarizes the Mihistry of Education’s éoncept of communication expecting
that‘f‘students will communicate mathematical thinking orally, visually, and in writing,
using mathematipal vocabulary and a variety of appropriate representations, and
observing mathematical conventions” and “through communication students are able to
reflect upon and to clarify ideas, relationships and mathematical arguments” (p. 410). ~. :

| The second document, Developing mvat}:zematical lii‘eracy (2005), élso contains a .
section which expands on the Ministry’s vision “Communication is the proce{ss of
~ expressing ideas and mathemafical understanding using numbers, pictures, and words,
within a variety of audiences including the teacher, a peer, a group or the class” (p. 21).
This document underlines how the Ministry’s ideas surrounding communication and.
. mathematics are suppofted by current research in mathematics edu\cation.: :
| The third do-cument; Continuum and connections package (2006), contains a
number of sample questions intended to show connections in the intermediate divfsion on
the different stranas in the curriculum. The questions in the Is it always true? sections are
excellent examples of questions a teacher could use to provoke discussion or have
students answer using writing in prose to éxplain their undefstandihg of mathematical
concepts. Whereas theée documents clarify,,expand ﬁpon and give concrete ekamples of

the Ministry’s expectations surrounding communication in mathematics, my .
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understanding is that teachers may not know these documents exist or may not have the
time to search them out.

The final tool that I consider is the textbooks used in the classroom. One series of
texts, Addison-Wesley and Nelson, prepared for the 2000 curriculum, label questions in
the exercises and in chapter reviews that are intended to be communication questions.
Newer texté, intended fon use with the 2005 revised curriculﬁm, inclﬁde “In your own

-words” and ‘.‘Dis>cuss the concépts” questions as part 6f the lesson structure but have
réduced the labelling of communication questions within the student exercises. Whereas
the texts give ample examples of questions teachers can use, the understanding of
communication reflected is unfortunately narrow — communication is only reflected as
writing in prose and is restricted to brief explanations of mathematical ideas. This is in'y
contrast tb the research literature ‘which‘ portrevlys' mathematics in communication as a rich
blend of oral and written communication including combinations of graphical, written and
algebraic representations.

Shortly after the new mathematics curriculum was implemented in 2000, the
EQAO standardized test for Grade 9 mathematics was introduced. Several researchers .
have written about the iﬁlpaCt of the standardized EQAO test on Ontario’s education
system and on teacher practices and teacher attitudes. Nezavdal (2003) states that
standardized tests created pressure on schools and teachers to ensure that students
perform well on a single test. Shaker (2004) echoes this by asserting that standardized
tests are seen as proof of the effectiveness of educational policies and as such -
standardized tests are assessing school systems, schools and feachefs. C

- Earl (1999) cites evidence that this pressure to /perform well on standafdized tests

can lead to changes in pédagogy, assessment and curricular focus but although these
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'Chapges may lead to increased test scores, they do not lead to increased learning. Volante
| (2004, 2007) agrees with this ﬁﬁding and adds that this pressure has a detrimental effect
on the teaching profession and that recent assessment reforms (including standardized ‘
testing) have not been embraced by teachers. .-

Not all of the effects of standardized testing mentioned in the literature are
negative. Teachers use data as'a basis for action research tol‘improve student learning
(Volante, 2007). Pressure from the MinistryOf Educetion has led to increased .
professional development focus and participation on topics surrounding numeracy and
litefacy "(Hardy; 2009; Giles and Hargreaves, 2006; Volante, 2007). One venue of
professional development cited by teachers as positive was marking EQAO tests, and
there is evidence of changes to \programs and instrucﬁdnal techniques as a result of these
marking experiences (Volante, '2007). L |

In order for tests to be used for improvement they must be viewed as important by
, ‘teacherS‘a'nd scho‘_ol beards (Earl, 1999). Teachers and other stakeholders are becoming
more preoccupied with increasing test scores on standardized tests and moving the -
educational focus of teachers ‘and boards 'aWay‘from what they want children to learn and
instead emphasizing what educators can measure (Volante, 2004, 2007).. .
| This change in focus is reflected by teachers directing their energies towa;d
activities that will lead to an increase in test scores or “teaching to the test”. Some ways
educators do this is by emphasizing drill activities at the expense of time spent on higher
thinking skillsk,.de-emphasizing content that is not assessed and teaching test-taking skills

by spending time on practice sessions with cloned test items (V olante, 2007)." ©. . ...
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2. 3 A Scholarly Review of Communication in Mathematics

Two themes emerged from a review of some of the literature available on
mathematics .edu‘cation research and communication: the importance of the role of - -
* communication in learning and the different modes of communication considered by
researchers. In this section I discuss the role of communication in learning mathematics as
a tool to consolidate thiwnking‘and;to”mak‘e thinking availablé\to others. I also examine the
benefits of having students co‘mmunicate abouit mathematics as well as literature on’
various modes of mafhematics including writing about mathematical ideas using prose,:
writing in the fbrm of mathematical conventions and oral communication about -
mathematics.

-+ Some writers, Lim and Pugalee (2004) and Whitin and Whitin '(2002)’ take a
constructivist stance, maintainiﬁg that studeﬁts use communication to actively construct
their knowledge of mathematics.’ Others such as Sfard (20004, 2007) subscribe to a socio-
~cultural view of lc_:aming, one that emphasizes the social and cultural aspects of learning
to support communication in mathematics (Cobb, 1994). Several authors maintain the
connection between communication and léaming mathematics: Cai et al. (2005) state that
“communication is esséntial to learning” (p. 238) and “communication is a component -
‘that is essential to and necessary in learning, doing and understanding mathemati_cs”
(p.245). |

Lim and Pugalee (2004), in their research on improving students’ journal writing
about mathematical ideas, maintain that writing in prose helps students focus and extend
their thinking by building mathematical qnderstanding; Whiﬁn and Whitin (2002) studied
a Grade 4 class and concluded that communication gives students opportunities to justify

thinking, formulate qu_éstions and summarize important insights, and furthermore that
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'writing in prdse about mathematical ideas allows students to return to ideas, reflect upon
" them and refine them.
Another key role of communication in learning is to provide access to student
- understandings. Kotsopoulos (2007a) states that communication “can be séen asa
manifestation of cognition” (p. 2). Sfard (2000a) considers that thinking is just the .
iﬁtemal form of commqnicati(;n and that by investigating hﬁman communication with
otheré, we can better understand human thinkihg. Ko‘tsopoulos (2007a) echoes this by
asserting thét commuhication is the vehicle whereby internal thought processes become
external ones and thus knoWn to others. Sfard extends this internal/external relationship to
mathematics by studying how learners solve mathematical problems in groups in order to
gain insight info individual learning and problem solving. -
' Other researchers found a variety of beﬂeﬁts to having students communicate
about mathematics. Williams (2003) performed a study on twé groups of students, one
_ groub'who wrote about the process of problem solving and one who did not. The groﬁp
who wrote about the process of problem solving had improved problem solving
performance. - - - . T e T A
Fernsten (2007)vfound that having pre-service teachers who communicate through
writing in prose about mathematical ideas was useful for dispelling fears about miting.
Schoen, Bean and Ziebarth (1996) suggest that having students write in prose about
mathematics breaks down the student perception that mathematics is merely symbolic
manipulation. Porte'r and Masingila (2000) echo this by noting that the process of - -
labduring to communicate about mathematics will also show stude_:rits that there is
meaning in thé mathematics that they are vﬁiting in pfose about and that matﬁematics is

not just a series of steps to be memorized. Peressini and Bassett (1996) recommend
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ha\(ing students write in prose about their thinking as a way for teachers to identify - -
mathematical misconceptions, and Goldsby and Cozza (2002) take this idea further by
suggesting that teachers use this identification to adjust instruction to improve student
learning. -

Cai et al. (2005) consider communication in mathematics to encompass “speaking,
writing, and depicting Yisual forms” as well as “reading a..nd‘interpre‘ting’,’ information:
presented by others (p. 238). Whitin and Whitin (2002),‘ in théir discussion of a Fourth
Grade matﬁematics class, describe communication as talking, drawing and writing, . .
effectively covéring the ¢ntire range of possible modes of communication. Different -
modes of communication are also described in the reseaxch literature. Sfard (2007) .. -
describes graphs, formulas, drawings and diagrams, as visual mediators which aré obj eéts
of one’s mathematical discourse; which she éoﬁsiders crucial to communication..

- Stonewater (2002) studied a set of calculus essays to determine the criteria for
~ assessing writing by reviewing examples from successful students. He found that -
successful students were more likely to use sharp, clear, specific mathematical
descriptions, use examples to illustrate the points‘they were trying to make and use
algebraic, numeric and :graphical representations when writing about mathematics. Lee
‘(2008) also prefers the idea of combining written (using prose) and written (using
algebraic modes). He maintéins that a page of computations contains no mathematics
because it contains no ideas. Lee considers that the mathematical ideas are contained in
the written explanation. Masingila and Prus-Wisniowska (1996) also refer to the style of
writing that includes a combination of graphical, written in prose', ’avllgebraic and
diagrammatic representations of mathemaﬁcs as writing in assessment tasks. They also

discuss writing from a prompt, a style which vusually,requires a shorter explanatory
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response to qommunicate a student’s understanding of a specific concept rather than an
involved discussion of a series of mathematical processes used to solve an extended |
prbblem.

Emig (1977), an early proponent of the writing-to-learn movement, considers that
Writing is a unique fofm of learning because it requires students to'fnake connections and
esfablish relationships between concepts as they compose téxts. Writing also requires the
writer to bdth ahalyze and syhthesize ideas dufing cémposition. She asserts that these
higher level cognitive processes can only develop fully When supported by language.
Writing allowsbstudents to construct their own conceptual understanding of the subject
matter under study while learning to communicate in the language of a given discipline
(Johanning, 2000). Writing alsc; allows students to reﬂectv upon their learning as they
compose and 1n 'doing so learn about their onnIUnderstand-ings (McIntosI} & Draper,
2001). Porter and Ma'singilav (2000); in their study of first year calculus students,

- concluded that organizing and articulating ideas improved stlident performance as much
as writing about them did.. - .

Esty andTepbo (1‘996)"argue that aigebraic-representatipn is just as an important a
facet of mathematics cbmmunication as language-based modes kof communication are.
They maintain that algebraic representation is a concise way to express algebraic_ thought
using algebraic notation to _éonceptualize. Esty and Teppo state that algebraic
represe’ntationé represent communication about some mathematical object or idea and that
when algebraic representations of mathematics take on meaning for students it extends
their ability to think about mathematical concepts. |

Researchers consider that oral language'is an integral part of communicating * :

about mathematics. Pimm (1987) considers that in order for students to communicate
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effectively about mathematics they must learn what he refers to as the “mathematics
register” (p. 109) or how to use words and expressions correctly in the context of
mathematics communication. Abele (1998) and Thompson and Rubenstein (2000) remind
us that language is how we communicate and thus how we communicate about
mathematics. Thus students build understanding as they process ideas through language.
Hiunker and Laughlin (1996) allude to oral communication about ﬁathematics when they
say that tal‘king. is a natural wéy for people to é’ommﬁnié’ate. Pimm (1996) goes farther
when he says that “mathematics is brought into being through conversation” (p. 12). |
O’Connell et al (2005) found that havingétudents communicate orally about
mathematics allowed them to catch their own mistakes as they verbalized fheir ideas,
facilitated learning from their peefs and allowed students to refine their thoughts and
collaboratively build mathemaﬁcal»undefstahdings.

- Pimm (1987) staf_es that oral communication externalizes student thinking which
- allows teachers to evaluate student understanding. Thompson and Rubenstein (2000)
suggest that teachers can also usethe opportunity to reinforce correct usage of -
mathematical words> and to help students 'réphr'ase‘their mathematical ideas whén
necessary. Stein (2007j.consid'ers that giving students the tools to communicate orally =
stops those who disagree from remaining silent by giving them the words to eXpress their
ideas. Choppin (2007) maiﬁtajhs that oral éommunication allows students to receive
immediate feedback on their way of thinking about a problem and it allows students to
compare ideas to those of their peers as well as to conventional mathematical thinking.

However, talking about mathematics can run COuntef» to many peopleé’ (both . -

students and teachers) perceptions of whaf mathematics is (Pimm, 1987). Stein (2007)

states that communicating in a mathematics community such as a classroom through



22

mathematical discourse is as much a part of learning mathematics as understanding = .
concepts. Sfard (2007) expands on this idea by maintainiﬁg that learning mathematics is
equivalent to changing one’s discourse. Pimm supports this by saying that it is important
that student talk is seen as a key element of student learning.

Several researchers agree on the importance of discussion in the mathematics
classroom. Huinker and Laughlin (1996)‘ maintain that exposure to other students’ ideas |
allows students to clarify and‘ modify existing‘ideas .while creating new understandings.
Fonzi and Smith (1998) and Choppin (2007) extend these ideas by stating that classroom
discussions construct meaning for all participants in the classroom and that the
understéndings that result from classroom discussion will be better than those constructed
by individuals. Kotsopoulos (2007b) r_naintains,that in ofder for students to become ::
proficient in mathematics they fnust p_articipaté'in classroom discussions;Abéle (1998)
states that independent discussions by students, in contrast to teacher-led classroom
_ discussions, are rﬁore likely to lead to deeper conceptual connections.

Classrpom discussion is also important for creaﬁng a mathematical community
within the classroom. Huinker and Laugliﬁ (1996) state that discussion fosters
collaboration and builds a mathematical community that values thinking. Choppin (2007)
and Duff (2002) consider that if th¢ teacher uses student responses as a basis for_a
discussion, the teacher is acknowledging students as mathematical thinkers and
establishes the classroom as a mathematical community.

It is clear that mathematics education researchers consider communication to be
an important 'facet of learning about mathematics with implicatioﬁs for improved studenf

results and improved instruction. Researchers also consider that communication in
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mathematics takes on many modes — oral, diagrams, graphs, short explanatory text and

complex interweaving of algebraic text and explanatory writing in prose to name a few.

Conclusions

‘The curriculum documents do reflect the importance and breadth of
communication that can be found in the research literature r.evicwed,fbut the supports for
the classroom teacher appear to be narrow in scope. This research sets out to examine
which of tile ideas present in the research literature and in the curriculum policies on
communicatioh and mathematics are reflected in current classroom practice, what
teachers consider communication in mathematics to be. and how teachers have developed
their understanding of communication_ and mathematics. This study will use case-study
methodology involving a series of face-to-facé interviews. In the next chapter I describe
the theoretical framewdr_k, sociocultural perspective, for the research, its basic tenets and

- connections to communication, teaching and mathematics.
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Chépter 3
Theoretical Framework
~ This research fits within a sociocultural research framework. Lerman (1996) and
; Glassmaﬁ (2001) both reference Vygotsky’s idea that knowledge is created through social
interaction. Knowledge involves using culturally developed tools in an effective manner
in order to interact with other members of the social comm®ity. In this chapter I describe
the central.ideells of the socioéultural perspectiile and then rélate,them to the topics of

teaching, communication and mathematics. -

3.1 Sociocultural Perspective
The sociocultural pefspectiye'i_n researc;h is based on the theories of Vygotsky

(1978, 1986), which postulate that cognitivé 'dé'velopment takes place through the use of
language and social interaction. Human learning takes place in a social context where
- children grow into the intellectual culture around them. People are social b¢ings who
develop as individuals through interactions with others (Glassman, 2001; Vygotsky, -
1978). Since learniﬁg takes place through Social interaction, this interaction cah be seen.

as leading to the develbpment of an individual’s knowledge (Lerman, 1996; Vygotsky, -
| 1978). .

Vygotsky (1978) made the connection between laﬁguage and cognitive:
cievelopment. He considered that in general symbolic activity such as speech has a“
specific orgaﬁizing function which gives rise to cha’nges“in behaviour. Specifically, when
. speech and practical activity combine, they give birth to huinari fofmS of practical ahd
abstract intelligence. Thus language, as a form of symbolic speech, plays a key role in

learning. Lerman (1996) advances these ideas aﬁd asserts that consciousness is
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qonstructed.through discursive practice and thus language plays a central role in the
development of conscioﬁsness.

Researchers have connected these twin pillars of language and social context by
observing that language itsélf is learned through social interaction: a child uses signs such
as words in a social context before they fully understand their meaning. Children then
learn the meaﬁings of these signsina way that is compatibie with thét of the community
around thefn and as a result are able to think in terrﬁs of language. Children cannot learn
the meaniﬁg of signs independent of the community (Berger, 2004; Glassman, 2001). It is
through interaétion with more experienced members of society that children learn the
culturally appropriate use of signs. Typically it is an adult who mentors a child in-
activities that bring language and activity togetherv((lilassman, 2001). This guidance from
more experienced social partnefs plays a ériﬁcél role in r'efining children’s use of signs
(Gauvain, 2001; Glassman, 2001)’

i+ *Akey idea to come out of Vygotsky’s writings was his idea of a Zone of
Proximinal Development (ZPD). This ZPD is described as the distance between proﬁlems
a child can ;solve on their own and a problém they can solve with assistance from others.
Because of this emphésis on problem solving through social interaction, the concept of a
| ZPD reflects both of Vygotsky’s key elements of cognitive development: learning
through interactions with ofhers and using signs vto communicate ideas (Glassman, 2001;
Marrone, Harkness, D’ Ambrosio & Caulfield, 2004; Vygotsky,v 1978).

In summary, Vygotsky’s (1978) theories, which became the underpinnings of the

sociocultural perspective, consider that language is a key elémenﬁ tin learning and that

learning leads to cognitive processes that are developed through interaction with others.
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As aresult of this interaction with others, understanding is defined as the child coming to

share in the group meaning through discussion (Lerman, 1 996).

3.2 Sociocultural Perspective and Com’niuhication i

Communication is social interaction mediated by language, so communication can
be seen asa key element'in a sociocultural perspective. Sevéral researchers have made
this link befweén communication and the socidcultufal perspebtivg: explicit. People
receive all knowled;,;e of the world through language and other modes of communication
(Lerman, 2001); as a result, language 'plagfs' an essential role in socially shaping the minds
| of students (Crawford,, 1 996). Communication is the principal force behind learningAand
knowing (Kotsopoulos, 2007a; Sfard, 2000b).: - SR NI »

Vygotsky (1986) nonsidérs that inner spéech or thnught is the internalization of . .
the type of speech that a child uses to process ideas and solve problems. Thus thinking
- can be seen as a mode of communication - communication with the self. We can consider
that thinking whichtakes place through communication with others can be seen as -
communication émbedded within comm'unication (Sfard and Kieran, 2001).'Tnis link
between external comrnunication and internal thinking is what makes communication in

the mathematics classroom vital. =

3.3 Sociocultural Perspective and Teaching -

Teaching in a school setting can be viewed through a sociocultural lens. The goal
of teaching is student learning. Vygotsky (1 986) claims thatAinstrlfnv:tion precedes.
development, and cievelopment of higher rnéntal functions is a product of cooperation

between the student and the teacher. Teaching is transmitted through social interaction,
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either betwegn the student and thé teacher or between students. In essence, education can
 be seen as the process of mentoring children in socially acceptable activities and cultural
todls (Glassman, 2001).

The sociocultural concept of the ZPD can also be applied directly in teaching.
Effective teaching requires that teachers recognize students’ ZPDs by engaging students
in work béyond the level at which they can work on their'oWn; Tﬁe role of the classroom
teacher is td prdvide' supports in the form of i'nétructional activities ahd opportunities for
discourse that engage students to move beyohd these individual capabilities. The teacher
should use vkndwledge about students® ZPDs to direct students’ future learning (Carter;
2005; Crawford, 1996; Nystrand, 2006).

Another central pillar in the so“cio‘cultural perspective is language, thusina -
sociocultural classroom commuhication is séeﬁ as being céntral to learning (Steele, 2001).
Students are encouraged to work and talk together as a learning community and the
_ empbhasis is on collectively creating meaning though discourse (Bruce, 2007; Carter,

2005; Steele, 2001).-~/Thel: teacher’s aim is to structure classroom activities and discourse in
such a way as to facilitate participation in the learning community. (Lerman, 1996). The
teacher can assist the bs’tudent in furthering learning by furthering the student’s knowledge
| base. This can be done\by carefully. planning activities that take the student from the
familiar to the unfamiliar or in other words creating a ZPD so that the student caﬁ develop
understanding of lculturally established concépts (Steele, 2001).
Under ;1 sociocultural model a teacher considers that communication is central to

learning. This teacher encourages her students to collectiveiy creafe meaning through: |

discussion and tries to move children beyond their individual capabilities. In addition, if
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this were a mathematics classroom, the teacher would assess students’ communication

about mathematics as evidence of their ability to think mathematically. -

3.4 Sociocultural Perspective and Mathematics

The area of mathematics fits especially well within a sociocultural perspective.
Learning about mathematics also involves acquiring the language and concepts of the
wider comrnunify of mathema‘ticians;T‘hus conc_epts ‘learned in a mathematics classroom
are socially and culturally determined. Mathematics learning is also socially acquired.
Students are nof expected to learn about mathematics on their own (Lerman, 1996, 2001;
Steele 2001). -

Many researchers have made the connection between a sociocultural research
perspective and mathematics. Bérger (2004),>1ik'ens a student’s learning of the algebraic
representation of mathematics to Vygotsky’s consideration of how a child learns
- language. Mathematical signs are both used as objects with which to communicate, in the

form of algebraic representation, and as objects on which to focus and erganize ideas, and
- in fact this use of mathematical symbols is ba necess‘ary aspect of mathematical meaning

making. Sfard and Kiefan (2001) add to this concept when they note that mathematical

discourse is made special by its exceptional reliance on symbolic artefacts as

communication and mediation tools. -

: | s The usage of such symbols is socially regulated by the mathematical community
and learners’. nsage evolves to eventually match the socially accepted meaning. Students
often use mathematical symbols before they fully understand thern, and by using these

symbols in a social context such as a mathematics classroom, students come to use -
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mathematical symbols in a way that is compatible with the greater community of . -
 mathematicians (Berger, 2004). -

Within a sociocultural perspective, individual learning is influenced by
participation in cultural practices (Steele, 2001). Learning mathematics is very much a
social endeavour; the m'athé'matics classroom ﬁmctfons as a community where thinking
and discuésion are encouraged (Bruce, 2007). As students leém to explain and justify.
their thinkihg o others, they cbnstmcf khowlédge and develop mathematical =
understandings and by doing so they create-an understanding of culturally established/
mathematical pfa’ctices (Steele, 2001). -

If learning can be seen as a change in thé way a person communicates then -
learning mathematics is evidenced by a student becoming more proficient in
mathematical discourse. Growth of mafhemaﬁcél understanding occurs through the « -
process of connecting ord_ina_ry language to métheniatical language. Learning to

_communicate about mathem'atics is seen as evidence of learning to think mathematically
(Lerman 2001; Marrone, Harkness, D’ Ambrosio & Caulﬁeld, 2004, Sfard 2000b; Steele,

2001). :

Conclusion

A sociocultural perspective is a good fit for this research that involves
communicaﬁon and mathematics. The pairing of language and interaction with others is
key to Vygotsky’s writings. Education can be seen as moving students through their ZPD
through interactions with peers or a teacher as members of aclass#)om community
(Carter, 2005; Crawford, 1996; Lerman, 1996; Nystrand, 2006). Mathematics educatidn is

suited to a sociocultural perspective because mathematics is a discipline that is heavily
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dependent on fo@al language including élgebraic representation which students are

| expected to learn by relying on interaction with other members of the mathematics
cdmmunity (Berger, 2004; Lerman 1996, 2001; Steele; 2001).>Seve‘ra1 other researchers
" in the field of mathematics education such as Kotsopoulos (2007a), Steele (2001) and
Carter (2005) have used a sociocultural perspective to frame their research.

This research is a series of ’semi-structured intewieWs where 12 teachers and I
discuss their un.der'standings*_ahd practices surrbundihg communication and mathematics.
In a sociocultural context understanding can be seen as coming to share in the group - - -
meaning. By éhalyzing these discussions with the teachers in Board P, I attempt to tap
into aﬁy shared meanings that they have and thus be bet_tér able to ascertain how exactly
these teachers understand commun»icat_ion.‘ R A R S S T N PR RERTEE SR

In this chapter I have det.ailed’ the basic tenets of a sociocultural perspective and I
have connected them to communication, teaching and mathematics. I have also connected
- two important concepts, understanding and teacher practice to the sociocultural context.

In the next chapter I'detail the méthodology that was used in this research. .-
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Chapter 4
Methodology

- This research is a'case'study. The study was intended to capture a rich and
detailed description of teacher experiences with respect to communication and
mathematics. The research focused on a specific group of participants in a specific school
board, in'a bounded and integrated systein, and sought to iﬁvestigate the participants’
perceptioné and understandiﬁgs. The research coulci be described as an integrated study
because [ was only interested in learning about the particular cases of teachers who teach
mathematics af a school board that I refer to as S;:hool Board P and I was not attempting
to generalize to all mathematics teachers (Stake, 1995). As a result of my multiple roles.
as researcher, mathematics teachef, and facilitator'.of professional development sessions at
Board P, I was intertwined with the reséarch: fhis\ involvement made me part of the
community 'frombwhich I drew my case-study participants (Cohen, Manion, & Morrison,
2007).

~ Cresswell (2007) suggests that case studies are descriptive and focus upon context
and setting for a specific situation. A case‘study tries not to disturb the ofdinary course of
events but rather sets éut to observe, reflect, and interpret while trying to understand how
the igdividuals involved in the case see the situation and represent their ‘different
viewpoints (Stake, 1995). -

| - In this case study I investigate how teachers in Board P understand

communicatién and how their understanding of communication has developed by asking
them how they have incorporated communication and mathemat@és into their teaching and
assessing practice. After asking about théir individual practices, I merged their stories and

experiences to describe typical viewpoints or behaviours of mathematics teachers.in . -
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Board P (Mqrse, 1994). I was not interested in changing or interfering with their practice;
) rather I was interested in talking to teachers and examining the existing different. "
eXperiences of the different teachers.: -

‘To review, the questions that formed the basis for this research are: How do
secondary mathematics teachers understand communication in mathematics? By this I
mean — what do teachers consider to be cbmmunication‘? Aﬁd how, has teachers’ .

understanding of communication developed? -

4.1,Participanfs :

.~ Ichose to do research within my board to take advantage,of the convenient access
to participants and becaqsq, learning about the understandings of other teacheré inmy-.-
board with respect to communication and métﬁematiés would be useful to me in my
professional capacities as bqth a classroom teacher and a department head. To select
~ participants I requested a list of all teachers who teach mathematics at secondary schools.

within Board P ffom the board’s Assessment an& Evaluation Coordinator. I received a list

of 80 teachers spread over 9 secondary schools. I then sent an e-mail, using the board’s

internal e-mail system,v to 69 of the teachers. In order to make sure that there was 1o
-' possibility of hidden power issues or concerns over coercion, as suggested by Glesne
(1991) I did not solicit participants from within my own department, keeping separate my
multiples roles as researcher and depgrtrnent head.

The first request netted six teachers. I sent a second e-mail solicitation which

netted me a ﬁnher six teachers for'a total of 12. All teachers whol ’responded were
included in the research. As parti'cipants résponded I /avssigned\ them pseudonyms A, B, C,

and so on. After this pbint these were the only names used in my data to refer to them.
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The _participants were not made aware of the pseudonyms to preserve confidentiality.
A,‘There was only one ﬁle in my data which connected the names of the participants with
the“ labels assigned to them. This file was kept separately and only referred to when
confirming ldemographic infonnation. |
The 12 participants, 5 male and 7 female, raﬁged in experience from 2.5 years to

23 years, (fhean 9.0 Sfeags, standard deviation 5.6 years). T. heée 12 teachers represented
17.4% of tﬁé eligiblé teachers 1n the board, co'véring‘éeven out of eight of the available
schools (87‘.5%). Of the 12 participants, five hold mathematics degrees and several of the
12 teach matherhatics'exclusively. Only 7 of the participants had taken advanced
qualification courses, 10 hz;}d taken an in-service course or workshop 1n mathematics
teaching and only 3 had in-serviéé tfairﬁrig in mathematics cofﬁmunicéﬁon. The complete

set of demographic data is includéd in Table 1 on the next page.



Table 1

Participant Demographic Information

Question

Participant Response

Years of Experience
Sex
Méthevmaticér Degree

Teachéé Mathematics
Only

Additional .
Qualifications, AQ

In-service -
- Math-

) In-service -
- Communication:

A B C_

10 25 - 14

12

14

<< 2

23

34
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Stake (1995) suggests that researchcré do not study individual cases in orderto"
understand other cases but rather the primary goal when selecting samples is to maximize
what they can learn as researchers. Creswell (2007) prefers to select unusual or diverse
cases when he samples for case studies in order to maximize diversity. As a result of the
fairly high level of representation of the board in the pool of participants, the result of this
research, would likely offer a great deal of insight about thé understandings surrounding
communiéatioh and mathematics of the mathématips teachers of Board P. Also, the
diverse population (years of experience, mathematical background) added interesting and

useful content to this case study.

4.2 Data Collection and Analysis -
. As the confirmation e-mails arrived I contacted each volunteer teacher, sought
their consent to participate in the research, and set up a face-to-face interview. The
- interviews varied in léngth from 20 to 60 minutes. The interviews were semi-structured,
which allowed the participants to influence the interviews and add theip perspectives
(Hutchison & Wilsan,<l994) on communipation to the discussion.

In order to Create a place where the participant felt tﬁomfortable‘ sharing their
private thoughts (Kvale & Brinkman, 1996), I interviewed most of the participants at their
own schools, either in élas‘sro”om's or department offices. Most of the participants were

- able to accommodate my request by scheduling the interviews into their preparation’
periods or lunch hours. Only one teacher requested an interview in an alternate location (a
coffee shop nearer to her home in the evening).

Participants were asked a variety of types of questipns including demographic -

questions, factual queétions, descriptive questions, and reflective questions (Cohen et al.,
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2007). Appendix A includes theinterview protocol. DemOgraphic questions related to the
number of years of experience, subjects taught, in-service, and details of any additional
education or training. Factual questions related to modes of communication that the
participants assessed and taught. Descriptive questions covered methods used to teach

- communication, example questions and sources of communication questions. The

purpose of these questlons was to determine how teachers deﬁned communication in

| terms of the1r practlce and to determine which modes were most important to therr
understanding of communication. Reflective questlons asked the participants how their
understanding of eommnnication developed, how important they' considered

: communication to vbe and how they considered communication in mathematics compared
to commnnrcatlon in other discrphnes The purpose of these questions was to elicit
1nformat10n on the development of part1c1pants ideas on communication and their
oplmons on the value of the 1ncreased emphasis on communication. Each interview was

~ audio recordedand the recordings were transeribed as text files with the text organized by
question response . |

| Modelhng the data ﬁndmgs and analysis on qualitative data analysis as described
by Cresswell (2007) the data was coded by themes for analysis. The ﬁrst set of themes,
Modes, Beneﬁts,' and Tools, were suggested by the initial literature review. These themes
in turn became the basis for the initial analysis. As I reread the data to verify occurrences
of the original themes, other emergent themes (Cresswell, 2007), such as Tensions, In-
service, EQAO and Opinions, developed from the transcripts; As the analysis progressed,
subthemes were needed to further code the themes. Therefore passages were coded for
different themes leading to double coding of some data. The need for subthemes arose as

a Way to organize the data for some of the larger themes, such as Modes, Benefits and
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Tools, and a way to represent diversity in others such as Tensions and Opinions. Figure 3
illustrates the structure of the themes and their related subthemes used in analyzing the

data.

Modes of communication
Conventions
Writing (ideas) ' .~ .
Terminology
Oral (student)
Writing (algebraic)
Oral (teacher)
, Diagrams
Benefits . . Lo
Understanding
Communication with others -
Solidify/Clarify
: Non-algorithmic
Tensions ‘ |
New Perspective
|- Communicating with words
Tools e :

Colleagues
Textbooks
Curriculum documents
‘| Other o
In-service
EQAO . .
Opinions

Value -

Evolution

Pervasiveness

Figure 3. Thémes used in aﬁalyzing data from interview transcripts.

| The dat‘a were analyzed :using the data analysis program WEFT, a Computer"
Assisted Qualitative Data Analysis Software program. WEFT uses text-level analysis to
assist in locating and collecting excerpts associated 'With’thé themés listed above and

organizes the themes and subthemes. WEFT also allowed searches for keywords

! The figure’s tree structure has been designed to preserve the original organization of categories in WEFT
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gsspciated with' different themes such as “literacy”, “non-fiction writing” and “writing
 across the curriculum” as indicators of the theme EQAO. The program then created files
of text for each theme, allowing me to read all of the text for any given theme together.
Within the files for each theme thé excerpts were organized by participant so information
about participahts could still be linked to the themes.
The files createfl bby WEFT were then read closely dnd quotés were selected in
| order to reflect the voice of the panicipanfs (Stake 1‘995). Qﬁbtes were selected on the
basis of being characteristic of responses to a given theme, vividness, and clarity. These
quotes formed bthe foundation' of the findings section, which is organized by themes and - -
subthemes. Also bincluded in the ﬁndings section are some descriptive statistics which aim
| to describe the data which has been found in a quantitative fashion (Cohen et al.; 2007).
Table 2 details the frequencies of occurrences 6f the themes which formed the basis of the
data énalysis‘. Table 3 détails the responses to the Likert scale questions asked at the end
; gif the InterVieW protqcol (Appendix C) and includes the mean response and the standard
devia?ion for each question. The connections between the teacher’s voices and the
research literature,?élongfwith a detailedvdéscription of the case and its setting (Creswell,

2007), form the discussion section.

4.3 Ethics i
In this research, I interviewed adults in their professional capacity about their .
professional practice, which is already open to a certain amount of scrutiny. As a result, .

there are only a few issues surrounding ethics including informed consent, voluntary

participation‘,"conﬁdentiélity, and permission from the school board. =



39

Ethics approval for research involving the use of human subjects was granted by
t}}e ethics board at the Faculty of Education at the University of Western Ontario. After
épproval was granted by the Faculty, ethics approval was then sought from the
department of Human Resources at Board P. Only after both of these approvals were. - -
granted were potential pafticipants contacted.

Participants were made aware of the intent and scope of thé research via a letter of
information (Appendix B) which was disfriblited af the initial invitation to participate.
Informed .consent was further addressed at the beginning of each of the interviews. I
expressed both in writing and verbally that participation was voluntary, that teachers were
able to drop out of the study at any point, and that I would respect their wishes with
respect to.inclusion of their responses in the research findings (Cohen et al., 2007).
Participapts signed a conéentfbrm (Appen’dixz C) before any data was collected. As.
mentioned already, in order to make sure that there was no possibility of hidden power .
issues or concérr_ls over coercion I avoided soliciting participants from within my own
school and department.

. ', Since it is ifnpossible to ensure anbnymity in a face-to-face interview situation, I -
was only able kto"guar’antee the confidentiality of participant information in the preparation
of the research reports at the conclusion of the research. I ensured confidentiality by -
| referring to participants by iletters, and keebing the list of participants’ names iﬂ a secure
ﬁ]e, separate<frc¥m my data.

. After I collected the data in the form of audio recbrdings,'transcripts and e-mails, I
" stored them on a‘paséwbrd-protected computer. At the conipletiqh of the research I wiﬂ
remove all files from my computer and sfore them ih a secure filing cabinetv in my home

for five years after the research, at which point they will be destroyed.
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Sinqe discussing specific samples of student work was not covered in my ethics
approval; even though it is becoming an encouraged professional practice at our board I
made a point of only asking teachers about representative questions. We did talk
generally about how students rgspond to specific communication questions and issues and
participants showéd me sample questions from assessment exercises. It was made clear to
the respohdents that I did not wish to see student work as it ,wouldhave become part of
my research data‘and I would have required ekpli‘cit‘ permissions and releases from the
school board, students, and parents to incorporate it into my research. = =

Becausé the respondents and I are members of the same téachers’ union and
because the research was a descriptive case study; it was important to clarify that my
research in my back-yard, so to speak, was non-evaluative, éspecially since I was asking
them to be open about how they assess and évéluate student work and I'wasnotina .
position to judge the rightness or wrongness of their approach and was merely seeking to.

~ explore any. apprQaches they may be using. - .-

4.4 Credibility of Results + = -

‘When judging fhe credibility of the results of this research there are several issues
to consider. Researcher bias as a result of my prior experience surrounding mathematics
teaching and C'ommunicatién’in mathematics was a factor when analyzing participant. :
responses. Another form of researcher bias that had to be reflected upon relates to
sﬁelectivev‘reporting when analyzing data. A third issue of the differences between -
teachers’ actual practices and their reported practice in the interviéws’ was also

considered.
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Bias affecting the eredibility of conclusions comes into play. iri the form of =
 researcher bias. All responses and interpretations were filtered through the lens of the
researcher’s point of view and any preconceived notions about communication or about
teaching and assessing communication that the researcher brings to this research. Asa
teacher in Board P I have e)rperienced many of the same in-service opportunities-as the
teachers participating 1n this research. Additionally, I have eonsiderably more teaching
experience with the board (20‘«years) tiian rno'sf of the participants and I have a teacher’s
understariding of the history of the implementation of the new curriculum that teachers
with fewer years of experience are unlikely to have. Also, as a department head, and as
someone who has given workshops on topics such as differentiated instruction, TIPS .
documents, manipulatives in the Grade 9 classroom and parallel and open questioning, I
have a professional developmeni facilitator’s ,view of board initiatives and of some of the
motivations behind them. I have also, over the course of this Master of Education degree,
~ reviewed researCh on‘communication and mathematics and have broadened my own
understandings in a way not available to most of the teachers that I interviewed.

In order to ceunteract this bias it was important to be aware of and record the .
cultural models (Gee; : i999) that connected me to the participants in our common role of
secondary mathematics teachers as well as those cultural models we do not share because
of differences in age, experience, or backgrounds. I also had to look for episodee where
the participants end I negotiated situated meanings (Gee, 1999) during the interviews.
Some such negotiaied meanings revolved around terminology used in thel interview
questions such as the distinction between mathematical form and rnodes of
communication and the use of the term “eommunicaiion questiori” to describe questions

that elicit communication.
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Less easily checked was fesearcher bias introduced by selective reporting of data
(Cohen et al., 2007). It was necessary to ensure that my data analysis was systemic and
included both examples and counterexamples to support any conclusions and that any -
omission of data was transparent and thoroughly justified in order to support any claims I
made of credibility of conclusions. Bias introduced by a lack of standardization of
interview questions anc} thus response data was toa larger extent mitigated by using a
semi-structured interview formiat (Cohen et al., 2007).~ s
... In order to avoid misunderstandings when c\liscus‘sing‘practices surrounding
communicatioh in mathematics, T asked teachers to discuss samples of communication
tasks that they actually use in the classroom (Interview Question 3). This enabled me to
compare actual practices and repofted_p’ractices. Tho comparison allowed me to determine
the level of non-convergence across particiﬁarﬁs to add credibiiity to claims based on.

statements teachers made about their practice (Lindlof & Taylor, 2002).

Conclusion
... This case study involved 12 mathematics teachers from seven schools in Board P.
The methodology used for collecting data included semi-structured interviews, one
| interview with each participant. The data sources for the research were the transcripts of

the interviews.
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Chapter 5.
*Findings

‘The research questions are how do secondary mathematics teachers understand
Commuhication in mathematics? By thivsv I mean —‘Whét do secandary mathematics
teachers consider to be communication? And how has teachers’ understanding of
communic‘:atioﬁ‘de\»feloped? In the reséarch undertaken'fo éxafnine these questions, I
identiﬁéd séveh \th:emes in thé interviéw data. ‘Study‘paftidinants named several modes of
comx;)ﬁniéatioﬁ and stated that they coﬁsidered commuﬁication to be beneficial to
_ feaehing and lf%arning matherﬁatics. During the interviews teachers also expressed
tensions surfbuﬁding the topic of conuﬁunica\tion. Teaghers discussed the tools they usé to
support cbriimﬁniéation and the ih—ser;lice they had experienced. Teachers discussed
EQAO standardized testing and expressed theif opinions about communication in general.

The ﬁhdingé chapter'is organizéd primarily by the themes listed above, although
- modes o‘f communication and benefits of communiCatiQn have been combined under a
single sectlon ﬁamed communication rﬁodes and beneﬁts. It is my intention by
intert%&ihing the teachers discussions of the benefits of .communication with the modes of
communication they afe commenting upon to present similar ideas in a more concise |
manner. I present a summary of the themes beginning with the most frequently referred to
by the teachers. Excerpts erm the teacher inteﬁiews are provided to illustrate the themes.
Table 2 displays the codes used in anéiyzing the data along with the frequency of
oc}cu_rr»e‘n’cé’s éf ¢éci1 code over the 12 inferviews and nﬁinbcr of transcripts (participants)
that referred to each code. In the final seétion‘in this chaptef I inélhde findings related to
the five questions from the interview protocol which were rated on a Likert scale of 1 to

5. Table 3 details each question as well as the mean ratings and standard deviations.



’Table2 R

Coding summary by frequency and number.of participants

Nﬁmber df

Pervasiveness

12

Themes Frequency

o Lol ' Participants '

Modes

. Conventions 109 120
Writing (ideas) 75 12

- Terminology 21 -6
Oral (student) S 19 -7
Writing (algebraic) -~ - 11 6
Oral (teacher) 9 , 7

Benefits ,

. Understanding 18 8
Communication with 16 9
others: - e 7
Solidify/clarify 14 7
‘Non-algorithmic - L2 2

Tensions : I A0
New perspective 34 11
Communication = "~ S22 9.

Tools . iy Ch L
Colleagues 18 8

- Textbooks 15" -9
Other 13 4

- Curriculum documents 4 3.

In-service = Y 19 - 12

EQAO - . 18 2T

Opinions ER o
Value 37 12
Evolution 232 12
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5.1 Communication'Modes and Benefits

Participants identified many different modes of communication that they .assessed,
taught, and emphasized in their classroom practice..The modes that they mentioned were
-use of conventions of the discipline, writing in prose about ideas and mathematical
thinking,’ use of vocabulary and terminology of the discipline, oral communication with
peers, syrhbolic algebrgic representation and oral communication with the teacher. -

'5.1;1 Mathematical.éonventions. Méthemétical conventions (also sometimes
referred to in this section as “form”) were the most talked about mode of mathematical
communicatidn, with every teacher feferring to it multiple times yielding 102 references
over the course of 12 interviews. The participants in this research considered -
mathematical conventions to refer to t_ﬁe rules gqv,erhing equal signs, brackets,
mathematical statements (for eXampl;: let stdtéments such as in the phrase “Iet X represent
the length of the rectangle’r’? and therefore statements). Interview questions about which
modes of communication participants taught, assessed, modelled, and emphasized all
elicited references to mathematical conventions. Participant F described mathematical - -~
conyentions as: -

T also mark wfitten communication in terms of math conventions and if

- they are using a variable that hasn’t been defined, do they define théir
variable? Do they, if it’s'a question that needs a let statementora . -
therefore sentence, do they include those? Do they include diagrams if -
- appropriate? In terms of equations I look for equal signs being lined up,
the conventions, bésic conventions of math, I look for thoSe.‘ Units, proper

.rounding, I consider that a communication thing as well. If they read in the
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question “round your ansWer to the nearest 10", if they don’t cio that, it’s -
~'a communication error in my mind.- -
| In this excerpt Participant F outlines mathematical conventions she evaluates as
communication. She specifically equates errors in conventions to errors in mathematical
communication. -
Most teachers described conventions as the most commonly modelled mode of -
communicétioh. Participant K said: -
I explain that however I am modelling a solution, that’s what I expect to
see froin them. I ask them to keep their notebook out when they start to
practise so it’s right in front of them reminding them how it should look or
how detailed it should be.
Here Participant K is deScribing how ‘studeﬁts :would use a modelled solution to verify
their own use of mathefnativcal conventionsWhile doing practice questions.

‘Some teachers, like one described by Participant A, consider communication to
comprise solely of mathematical conventions. Participant A said: “Whereas I know I have
another colleague who does mathematicalk form and that’s it.”” One such teacher is -
Participant E, who oniy looks at mathematical conventions when assessing
communication. He explained how he uses‘ conventions to gauge student understanding:
“A significant communicaﬁo’n error in a Grade 9 class when they are first leanﬁﬁg the
structure [of a solution] can be a pretty insignificant communication error, in your
Calculus and Vectors class. [In the latter case] it’s just a mistake, I think, rather than a
misunderstanding.” This understanding that communicati_dn is sdlely defined as -

-

convention is not in line with the Achievement Chart (The Ontario Curriculum:
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Mathematics (Revised), 2005, pp. 20-21), which considers conventions to be one out of
three distinct aspects of communication in mathematics (Figure 2).

The participants emphasized the importance of the cqnvenﬁons in mathematical
communication. Participant B indicated the need for consistency to aid communication:
“And the only way to do that is to follow consistent norms so that anyone looking at ..
someon_e"s work from this schqol and lodking at someone’s work from [another schogl]
can make sénsé of it,” thus consistency in con{fentiohs will aid communication.
Partiqipant C mentioned the role conventions play in the logical layout of a mathematical
solution: -

And I have one student right now who argﬁes With me, “Yeah, but I got

~ the right answer.” Yeah, but it’s flying all ovér the place. So I use the

example of a roof: So, okay, you put.va:pour,barrief down. Then you put.

shingles, then you put plywood on top, you’ve got a roof, but it’s not right. -

Well, but, it’s a roof. But it’s gonna eventually leak, so I want to lay itout .. -

proiaerly. -

Participant C is emphasizing the conventiohs which regu'late-how‘ asolution is laidona .
page to aid the co’mmuhication of the mathematics in a solution.

Three of the participants discussed diagrams as a mode of mathematical
conventions, for.example a' diagram marked with dimensions, vertices labelled, angle .-
measures indicated and so on. Participant Cvsaid': “A diagram to me is communication, so

- what does the diagram look like, did you lay that out nicely for me with unknowns
marked on and information marked 6n?” Here, by referringr to the’markings on the
diagram, Participant_C is treating a diagreﬁn as an yext/ension of standard mathematical

conventions. Even teachers who make a point of including a variety of modes of
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communication admitted to emphasizing conventions above the other modes of
communication. Participant H said: “I probably emphasize mathematical form the most.”

5.1.2 Writing in prose about ideas and mathematical thinking. The second
most mentioned mode of communication was writing in prose about mathematical ideas.
There were 75 mentions all together, and although all 12 particibants mentioned writing
in prose about mathematical ideas, for some of them it was in response to the direct
question “D.o ydu expect studénts to write about mathematical ideas?” which was asked if
they had not mentioned it during the course of their discussions of different modes of
communication; Of the 12 participants three did not expect students to write in prose
about mathematical ideas as part of their understanding of communication. One such
participant was Participant E, who stated: “No, we wouldn’t expect sentences and .
phrases.” Another one of the th'rée, Participanth', was willing to consider writing in prose
as a.backup in case of difﬁcultyi “If I encourage my students that if they do not know

- how to mathematically represent the answer, that if they can explain it to me, in a written
form. I will give them credit.” Interestingly these three teachers (B, E and K) all worked
at the same school. These three teachers nOhetheless, had varying amounts of e;(perience:
B, 2.5 years, E, 10 yearé and K, 23 years.

Those who included the mode writing in prose about mathematics in theirk
understanding of communication described tasks that they would use to evoke writing in
prose. Participant G gave this example: “So .‘vDescribe a difference or describe a
similaritY’y and I'would be expecting them to write in sentences. Of course that’s the
communication paft, writing in sentences and talking cléarly abou{t’fheir ideas.”.

Participant F described how she elicits writing in prose about mathematical ideas:
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Lo Okay, so in the whole written/oral [task] that would be if I gave a question
“explain how” or “describe why” or that sort of thing, where it would be a
written out questioﬁ with words, that would be one part of the
communication.
ﬁoth of teachers F and G are using writing in prose about mathematical ideas,
such as déscribing or explaining a proceés, as part of their assessment of students’
communicétioﬁ skills. | |
In order to .facilitate writing in prose about mathematical ideas by emphasizing the
steps and proCésses im)olved in mathematical solutions some teachers described how they
intentionally draw attention to the steps of a problem while teaching. Participant D said:
‘When going through questions at the ernt,'. explaining my thought
processe's as [ actually db a qufcstion.b For example -talking about the
specific steps that I would go through, identify what the problem is and
also to show them what specific steps I would use to solve the problem.
While others, such as Participant K, drew attention to the way they model the process of
“deciphering a mathematics question in ordér to draw attention to the necesséryv
information when writing about the processes used. She said:
I will read a question sometimes two or three times, explain “This is whajc I
would do.” First'time I read it I didn’t get enough out of'it, so I réad it
again and I'look for key words, wheh it comes to word problems.
In both cases teachers are tfying to model to students how to describe mathematical
procedures using words to supplement a solution using symbolicélgebraic representation.
Teachers discussed the beneﬁts of asking students to write in prose about

mathematical ideas. Participant G mentioned that communication allows students to



d’emo'nstrate‘ their deeper understanding of mathematical concepts in a way. that
| performing algorithms does not. He said:

And they can memorize conventions too without actually having the
deeper understanding. So these communication type questions are often a
little bit of an insight into whether or not the student has that overali
understanding perhaps and that néver, back in the day if the student could
pr’oducé beautiful solutions we assumed that fhey had connected all the
dots. And now I know you can sort of dig a little deeper than that.

Participant G ié.noting that often a student can produce a solution by memorizing an

algorithm. Asking a student to add a description of the mathematical ideas behind a

solution allows a teacher to determine if a student is demonstrating understanding or

memorization. . -
Participant H connec_tédwriting in prose ab'nut mathematical ideas as a skill
- students need to learn for future career paths: .
TI'uée this example with my students: If you can sit in a corner and come up
with an anSWer, that’s great, but yon need to be able to convince othersx
- that that is'the dorrect answer, Having a past career as an actuary I have
certainly had the opportunity to come up with numerical answers to
- questions but uﬂnlessv I could explain the process effectively and convince
" them that my methods were sound it wouldn’t have gone very far. SoI -
expect a similar, [ have a similar §tandard for my students. I expect them
to convince me that their numerical work is correct,fhrougn written

expression.

50
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In this excerpt Participant H draws on his own experience in his previous career as an
| actuary to"explain why it is important for students to develop their ability to communicate
aBout mathematics.

Participant F describe'd how a student might use communication to’ clarify their
ideas about a mathematical concept, allowing them to move forward if they are in -
difficulty: |

Thé commiunication in terms of “Describe...” and “Explain...” are

important to those kids who don’t always get it right away and have to .

stop and think ab‘out why am I doing this or what am I doing./And those

steps, I think it help; those kids to clarify in their head what they are doing
So, if a student has the understgnding to éxplain the Steps. required to solve a problem
they will be better able to set thémselves on :the' right path" when they run into difficulties.
Participant D stated that she believes communication can be used as a tool for students to
- solidify their own ideas: “And I think for a lot of kids too, being able to explain what they

did solidifies their understanding too.” In this case the teacher sees the benefit to having
students explain the ideas behind the mathérﬂatics they\ are doing as a way to reinforce
their understandings. ' '

5.1.3 Using the terminology of the discipline. Half of the participants mentioned
the importance of the language aﬁd the vocabulary of mathematics, for example “term,
coordinate, coefficient, equation, expréssiori” and so on. Participant A also emphasized
the need to teach mathematical vocabulary explicitly: -+ -

It has to be a part of their vocabulary, whefher that iS usir{g games. [It is

important] that they are actually uéing it [in ofder to] learn it. It takes a lot

of time to do that but at the same time I think there is a benefit to that
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2 .because then when we are doing notes on the board they know what I am
talking about, when I’m talking about a variable or they know when I am
talking about like terms or unlike terms, they have a conception and that is
going to carry them all the way through.:
Having access to the terminology of the discipline is seen by Participant A as a key part
of having' access to the important ideas contained in the mathematicél solutions.
.Teabhefs also considered studénts’ use of terminology when assessing student
understanding. 'Parficipant C said: “That’s another thing, how much math vocabulary are
they using, how many of the words that we? used are they using in their description and
that can be a sense of how.well they are doing as well.” In other words, if they can use the
ter/minology‘of the discipline correctly it is more likely that they understand the
mathematics that they are‘describing. Participah’t H deécribed how he modelled the
precision of mathematiéal language and used this modelling to spark discussion:
When cOmmunicating through sentences or even setting up variable
definition statements at the beginning, I do take great care in what words I
choose and how I word it and make sure they know that [ am doing that
specifically and intentionally and have them share in the developmentof © .. ¢
what I am writing, so that we can discuss what is appropriate and what is_
not. So, as oppbsed fo just putting it up there and hoping it sinks in, we do
_ . sort of collectively discuss how we should word it. And if they challenge
what I have written, they don’t understand it, we find another way to

~ phrase it.-
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~ In this excerpt the teacher is modelling writing in prose about mathematical ideas and
negotiating meanings with the students surrounding mathematical terminology to aid in
their understanding of the mathematics being presented.

5.1.4 Communication with peers. Just over half (seven) of the participants in this
research discussed students’ oral communication as a mode of communication. Despite -
oral communication being a cornpo'nen‘t'of the Achievement Chart (The Ontario
Curriculuh."Mathematics K(Révis‘ed), 2005, pp 20-21), some of those teachers explained
that they do not consider oral communication when they are assessing. For example, ‘-
Participant D ééidz “No I don’t think I re‘aliy have ever assessed oral communication.”
Some participants indicated that they use oral communi_cation as an alternative to written
communication. Participant F saidff O |

If I think that a kid can know more if th.e'y.tell me as opposed to write it,

L1l get them to do that. I don’t often mark oral communication but if I feel = -

- that the written communication is lacking enough yet I know the kid -~ .
actually knows what to do but they struggle with writing then I’ll ask them
- and I will mark that way. | |
In this case oral commﬁnication is seen as a backup if written communication fails but not
to be used as a mode of communication in and of itself. -

. Oral communication appeared to be often used as a method of assessing -
preliminary understanding. Participant L explained: “Not formally, no. But I doget a
sense of how much students understand by asking questions of the class.”
Communication was seen as a real world skili by Participanf B: “I would at a higher level

class still focus in on presentation skills because I know they are important in the real
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World.” Only one participant Seenled to see the value of oral communication as a way of
| building understanding. Participant C explained:
A good thinking question, you want them talking to somebody about. It is
- okay if they are talking to somebody. I figure that’s involving
- communication, good. There you go, “Well, I think we should do this,
_well, no, because, if we did that then this would be wrong, so we should
do tnis instead, oh, okéy.” Wow, there’e good cornmunication
Participant C is unique among the participants in expressing that oral communication is
an important mede of communication. She mentioned that students can use it to learn -
from one another, thus she is using communication to build student understanding.
--5.1.5 Writing using symbolic algebraie representations. Six of the teachers
pointed out that traditional Writing using symbelic algebra repreSentatidns, for example
the steps required to solVe an equation, in contrast to writing about mathematical ideas
using prose, was still a mode of written communication. Participant K pointed out that
writing using symbolic algebra representations is still an explanatiOn of the process used.
Participant K said:.“Aetually on every quesﬁon unless it is a one word answer dr,a one-
step calculation, you are explaining by showing \;vhere the answer came from.” Here
Participant K is pointing out that writing using symbolic algebraic representation is in
effect explaining the series Qf steps that a student has followed to solve a problem.
Participant E also emphasized this understanding that algebraic solutions are a
form of explanation, goingse far as to consider algebraic representation a form of non-
fiction writing: - | j
The example that we are presenting to the board, of non-fiction writing is

our Grade 9 surnmary sheets, getting a Grade 9 student to be able to
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summarize a unit, which doesn’t necessarily come with many sentences,

but it can still be symbolic showing good examples and an understanding -

of the key types of questions that they have to be prepared to answer.
The non-fiction writing initiative in the participants’ school board was a way of getting all
departments involved in preparing Grade 10 students for the Ontario Secondary School

Literacy Test (OSSLT). .

5.2 Tensions -

Many ééachers expressed tension when discussing communication in mathematics
during their interviews. There were a total of 56 excerpts from the transcripts that
reflected how teachers struggled while_trying to.incorporate communication into fheir
teaching practices. I divided the .ten.sions exﬁreéSed byjthe ‘participa‘nts into two |
groupings: thds¢ that\reﬂected their concerns with the new curriculum direction that was
introduced in 2000 and those that reflected their concerns with the idea of
communication. There were no questions in the interview protocol that specifically asked
ébout difficulties or struggles the teachers Were having; these struggles were vélunteered
by the teachers as they discussed the various aspects of communication. «

© "Of'the 12 teachers that I interviewed, 11 expressed-son.le form of 'struggleithat "
théy‘were having with the new curriculum. Participant F indicated that there is confusion
with respect to creating test items i:or'commﬁnication: \

I think a lot of us really want to focus on what, where do you pull\the

communication mark from, b‘ecause everyone 'seems-to do/it quit¢

differently, and don’t always agree on where it should come from or even

if we should be .using it.
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Participant F is expressing herfruétration with a lack of consensus in the basis of :
assigning a communication mark among the teachers in Board P; some assess holistically,
others on specific questions, some only assess conventions while others only aésess‘
writing in prose about mathematical ideas. Others were still not comfortable with the
process of levelling using the 4-level rubric as mandated by the Ontario Curriculum:
Mathemati’cs (2000). Participant K expressed her discomfort with levels:
I wo.uld .havevto say that I don’t feel cohﬁdent when I'decide on a level, but -
I have marked something;, accidentally, twice and have come up with the‘
same le\}el. And T was happy about that, but obviously I wasn’t sure that
would happen because the levels also have a large range. One day you
might think 62 and the other day 65. Which isa [lgvel] 2 or a 2 minus.
Participant K is a good examplé bf teachers thar_e nof comfortable with what they see
as the subjective and hard-to-replicate process of assigning levels to student work; in fact,
Participant K seemed pleasantly surprised when the process is consistent. Participant I
concisely summed up the situation: “So I think there is definitely some argument as to
what assessing communication is supposed to be in math.”

- Other teachers ére chcérﬁed with how the new marking system along with this
new emphasis on communication is affecting the integrity of the marks that they z}ssign.
Participant A said: Ve |

Even tests that I am going to look at this afternoon that I know are level
R’s [a mark below level one, defined as ‘requiring remediation’] and [one
of] the students [that] is totally misplaced but if you 1ook 8:t’their ‘

communication as far as form goes it is definitely not an R and for some
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students that [new ¢mpha$is on communication] might mean pushing them
along where they shouldn’t be pushed along.
Hére Participant A is reflecting the understanding that communication does not really
correspond to true mathematics understanding and that a student’s mark should be bas.ed
on the other Achievement Chart (The Ontario Curriculum: Mathematics. (Revised), )2005,
pp: 20-21) categories of knowledge and understanding, and ‘applicat‘ion.
Teaéhefs are also concerned, as expreséed by Participant C, whether they really
uhderstand what communication in mathematics means: |
So wouid I do a workshop on it? No way, because I don’t have enough
confidence in the stuff that I have come up with is any great shakes-
- compared to what anyone else comes up with. I alway's think that I am the
weak link there. o |
Participant C has worked outa definition of communication that works well for her when
 assessing student work, but she is not confident that it is a correct definition and is
definitely not confident enough to share it with others.- .
Othe; particiiaants mentioned that they were looking for guidance from either the
Ministry of Education br- even the school board. Participant L said:
| - I would really like to see the Ministry do something in terms of defining S
..~ what a communication question is, what they would like to sge'és a.
 communication question. Or even the board, to say a Grade 9 -
~ communication question should look like this or should include key words -
such as this, or something along those lines. Again, Becauﬁé Tamso -
- concerned with consistency that I am doing it /the right way, that .

everybody else is teaching it similar to what I do, that I am not putting my
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students behind somebody else’s....I would definitely like to see more PD
' ' on communication.
Here Participant L is expressing several concerns. He is not sure he really understands
communication the way others understahd it and he is concerned that his lack of -
knowledge is disadvantaging his students. Finally he is seeking support either from the
board or from his peers with respect to communication.

Most of the teachers struggled with the 'mix'o‘f mathematics and writing in prose
about mathematical ideas. Some were concerned with how students’ writing and grammar
skills would afféct their communication in mathematics. Participant H said that he tries to
accommodate the differences in skills: “Some students have stronger English skills than
others and I try and recognize diffefence in ability, somewhat, in their written responses.”
Participént G expressed concern about alienétiﬂg students with weak writing skills but
strong mathematics skillls‘: -

So there is.a double-edged sword there, if you don’t ask them then youare - -

missing that chance for them to demonstrate further understanding but I

also am wary of suddenly making abstudent feel like they can’t do math

because they caﬁ’t write either. It’s a balance. |
in these interview excerpts both teachers H and G are expressing a concern that students’
English writing skills may ifnp'act their mathematics mark negatively. This perspeétive
suggests that somé teachers may not consider writing in prose about mathematical ideas
to be a mathematical task as they would problem solving, computations or algebraic
manipulation and so on. Othér teachers indicated their own Biases ‘i‘n terms of different

modes of writing seen in other disciplines. Participant B said: “I want them to be to the
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pqint, conciée and not Wordy.;Whereas in somé course like English and history you have
Jto elaborate — I don’t care for elaboration [in mathematic].” |
- Participants algo‘ struggled with incorporating the newer style of mathematics
communication because it was different than the style of mathematics that they had
experienced as students. Participant F explained:
It was like, “Do Fhe math.” Don’t explain why you aré doing it or what you
are doing, and just do the math. So that has been a challenge for me to
break away from what I know and what I did to getting some kids to
communicate in a bit of a differént way.
Here Participant F is reflecting upon how difficult it can be for a teacher to incorporate

new styles into their teaching practiceand to change how they think about mathematics.

5.3 Tools Used by Teachers .

Paﬂicipénts we(fe asked “How do you create a good communication question (or
one designed to emphasi;e communication)? What sources do you ﬁse?” The sources
most commonly mentioned by the participants were colleagues and textbooks. A variety
of other resources Were.mentioned such as the internet, creating questions themselves, or
ﬁsing student questions. Curriculum documents, while mentioned by only foﬁr teachers,
were not widely considered to be a useful resource. . |

Of the 12 participants eight of them mentioned talking to colleagues as a source
for communication material. Participant A said: .. .

Sometimes it will be just talking with the people in my math officeand I'll

-

say “I’m looking for something in ihis unit and I want it to do this,” and



' :sometimes someone else has gathered stuff so there is a certain amount of
. sharing.
In éddition to talking with colleagues to gather communication-type questions, such as
those requiring an explanation or justification of mathematical reasoning, some
participants communicated with their colleagues as a tool for furthering their own
'understanding of communication. Participant F explained:
- We debéte back and forth about what cnmmunic':ation is and where the
 level should come from. Should we actually put a communication section
“on our tést or just overall communication throughout the knowledge, -
- application and thinking? So we have those discussions. They don’t really
ever amount to anything that is super conclusive bnt we have them, which
is part of it too. Just being aware of it>and thinking ébout it is a good thing.
Both of these teachers are reflecting that teachers are talking to one another both as a
source of material andasa way to develop understandings surrounding communication
and mathematics. Others, like Participant B, only discussed communication with their
colleagues if an issue arose in the classroom where they needed clarification. In response
to the question “do you Italk to your colleagues about communication?” Participant B
said:
v Very séldom, only if I have a particular issue with how I am trying to do - -
an assessment like, for example, I wili.tap into my colleagues when there
is a major project portion of the data management presentation, so I
* _ probably will tap into my colleagues’ [understanding] for t‘nat; But up until :©

this point, no, very rarely.
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In other words, in some schools teachers are working together to understand and-

implement communication whereas in others it is only being discussed on a need-to-know

basis. This underlines the lack of consistency mentioned in previous excerpts.

Textbooks were a popular resource for teachers; nine out of the 12 participants
used them regularl}'r. Participant G indicated that the textbook was a “pretty ‘good source.”
P_articipanfs agreed that not all textbooks are created equal; some are better than others.
Particibant H‘said: “There e}re“some good textbboks’;'i find the Marian Small textbooks do
contain some good communication questidns.’? Also, not all sections of a textbqok are
useful as a resoﬁrce for c_otnmunication; participants had to pick and choose to find -
suitable material. As Particf.ipant F explained: .

"~ T’ll use textbook questi()ns‘ but I find that a lz)t“of them aren’t the greatest, -
~ in my opinion of what a éommunicatibn'questio.n is there are not a lot of

them there so I often will use the “Reflect.” In the textbooks there is the

lesson and then there is the “Discuss the concepts™ and the “Reflection”.

Those “Discuss the concept” and “Reflection” type questions are usually

more about getting them to verbalize 'what_they are thinking and what they -

know about it. - |
So, while teachers are using textbooks, they are using them with caution, and as a tool to
aid understanding about communication rather than as a source of their understandings. -

Participantswmentioned 'several other sources of materials on communication.
Several uséd the internet or made communication questions up themselves. As Participant
C said: “My head is usually where they come from.” Creatirig corr}inunication questions
independently tended to be done by teachefs with many years of ;Ilathematics teaching

experience.
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S Participant H¢s indication that he often used student responses to develop
fluestions that would emphasize communication was interesting. Participant H said: “But
also I try to pay attention to questions students ask in class that help clarify their
understanding and I find that sometimes they make good questions to give the rest of the
class.” Others modified mofe traditional questions to emphasize communication.
Participant'G explained: - e

Ifthere is a question that I would like to put on a test or I'd like to do in -

class, but I just don’t have enough time to test it or to do it ‘I’ll say let’s just

list the sfeps,'vlet’s_ just talk about the steps that we would use to do that.
What Participants C and G are saying here is evidenc‘e thgt teachers are trying to find |
creative ways to fulfill the explicit réquirement that they assess communication in
mathematics. |

Although it might seem that documents published by the Ministry of Education
‘would be a good sQurce for information surrounding communication, only four of the -
twelve participants mentioned the documents at all. Those who did mention them were
not positive. Participant C reflected: “...all those achievement charts; they’re juét o)
vague, they don’t say aﬁything in there.” Sometimes participants’ references to
éurriculum documents reflected a laék of familiarity, as shown by Participant lG: “We’vé
got exemplars that discuss the student’s knowledge, application and thinking perhaps, do
they talk about the communication or do we get a chance to talk about the communication
exclusively?” In fact the Ministry of Education Exemplars do cover assessment examples
using all four categories, including communication, from the‘Achifc"vvement Chart (The -

Ontario Curriculum: Mathematics (Revised), 2005, pp. 20—21);
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5.4 In-service

|

*All participants were asked if they haéi participated in any in-service specifically
related to teaching communication in mathematics. More experienced teachers recalled
the in-service sessions surrounding the introduction of the Achievement Chart categories
in the Ontario Curriculum: Mathematics (2000). Participant C said:

“We would have‘ those‘board meetings, and so they would kind of tell you

whet they thought they were. I didn’t like the general one where we would

sit down and they would say “in general the knowledge and understanding
are ....” }all those .achievement charts, they’re just so vague, they don’t say
anything in there. So, okay once we get to mathfspeciﬁe, oh, okay now I
see . what you mean by knoWledge and understanding and once I saw the :
communication I thoeghf, oh, Qkay that’s no diffefe‘nt than what we got,
it’s just more foﬁnal? they just want you to give a mark for it.
 In this excerpt Paﬁicipant C is reflecting on the sessions provided by the board, first to- . .
introduce the Achievement Chart (The Ontario Curriculum: Mathematics (Revised),
2005, pp. 20-21) categories and then later to discuss how they can be applied to various
disciplines including ﬁiathematics.
| - Many teachers were less than positive in their recall of in-service sessions
‘provided by the board. Participant K echoed this sentiment: ;‘It’s difficult to remember
them, and in my fnernory it doesn’t seem vefy po»sitive, like did we learn much, I doh’t ’
know. The board tried.” Teachers who had entered the profession after the new - -
curriculum was introduced had no experieﬁce with in-service relatin’g to communication
and mathematics. Participant B said: “Wei don’t real_ly discuss it, we don’t discuss it at PD

days.” Participant B is in his third year of teaching and the board has moved on from the



64

implementation of the Achievement Chart (The Ontario Curriculum: Mathematics
| (Revised), 2005, pp. 20-21) to other more current curriculum and pedagogy initiatives.
Cﬁr’re'ntly some schdols in our board are beginning .to focus on communication in their
Math Learning Teams. Math Learning ,Téams are school-based teams that meet several
times per semester to investigate teaching problem solving techniques and improving
student soiutions to open-response questions on the Grade 9 EQAO assessment.
Participant F déscribed the focus of orie in-service séssion:’
That actually is the focus of our math workshop thing this year, we are
~going td look at open response quesﬁons but I think a lot of us really want
to focus on what, where do you pull the communication mark from,
- because everyone seems to do it quite‘differently, and don’t always agree
on where it should come.from or eveﬁ if we sho.u‘ld‘.be using it, kind of
thing. I haven’t‘done‘thaf yet but that is our focus for this year.

- Here, Participant F is explicitly describing the focus of her school’s Math Learning Team.

5.5EQAO

EQAO wasa théme’ that evolved out of the interviews. Even though EQAO was
not explicitly mentioned in any of the questions in the interview protocol, seven of the
twelve participants made a reference to EQAO in some way, for a total of 18 mentions.
Board P has implemented several initiatives fargeting improvement in the EQAQ Ontario
Secondary School Literacy Test. Evidence of the literacy across the curriculum initiative}~ '
and the non-fiction writing initiatives are evidenced in this e-xcerp/t"‘from Partiéipant H:

Currently we discuss communicatibn‘at every department fne'eting because o -

it is one of our depaftment goals: communication and literacy rolled’into
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one. We are trying to include a question involvingl non-fiction writing on-." .

every test that we have or every assessment, major assessment anyways.
Pafticipant H’s comment reflects that communication in mathematics is benefiting from
the board’s current ‘emphasis on preparing students for the OSSLT, but it is unclear if
communication in mathematics would have been under scrutiny at Participant H’s school
without the literacy imp;t_us. e

Schdols are also concefned with results on thé Grade 9 EQAO mathematics
assessment.’ Participant I said: “EQAO has probably been a big motivator too. I do;i’t like
to teach to the tést but at _the same time I want to set my kids up tobe as successful as
possible.” EQAO has also had an effect on how teachers incorporate communication into
their teaching and assessmentvpractices. Participant L explained:

I expect a lot more than I did that ﬁrsf.yéar in tefms of what they [n;y ‘

students] do and that is basically because of the EQAO testing and the

- factor that if I can get the kids tb really organize their work it seems that -
" their marks on the EQAO are a litﬂe bit better than when I started.

Participant L’s comment reflects how teachers’ practices with respect to commﬁnication :

and mathematics are changing in response to the pressure teachers feel to improve .- -

students’ scores on EQAO.

5.6 Opinions Expressed by Teachers About Communication
Teachers in the research were asked if they thought communication was important
and if they felt that communication was a good addition to the curriculum. They were also

asked how their understanding of communication had changed over the time that they had

been teaching under the new curriculum. In response to these questions teachers offered
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opinions on the value and pervasiveness of communication in mathematics as well as
* commented on the evolution of their own perspective over time. -
© All 12 of the teachers in the research expressed a positive opinion about the value
of communication in mathematics. Participant F saw the value of communication as a
diagnostic tool and as a way of vdeveloping understanding. She said:
I would definitely teach it and I think teaching it in temis of the reflection
' queétiohs and journal type questions I think it is really important for the
. ~developme'nf of their knowledge and the development of their skills and
everything, but to me I would not mark those questions. They would be
useful for me to see them, as I said diagnostics or for the kids to hashout -
what they are trying to say or even to debate with each other about it.
In this excerpt Participant Fis réﬂecting upo}n~ whether or not she would continue to
emphasize communication if the restrictions of the Achievement Chart (The Ontario
- Curriculum: Mathematics (Revised), 2005, pp. 20-21) were lifted. Teachers were also
positive when asked if they thought this new emphasis on communication was an
improvement over past curriculums. Participant A said: I think it is a good addition.”
Participant H contrasted the current emphasis to the more traditional approach taken when
he was a student: - -
Certainly there was more drill work in my education and I think it limited
conceptual understanding, which I value. Different teachers value that at
different levels: And I think conceptual understanding is better achieved

through communication or a blend of communication with the drill.
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Participant H said he sees the addition of communication as a positive evolution in the
‘ teaching of mathematics, perceiving the more traditional approach to héve_ an emphasis .-
on drill rather than understanding:

Although the teanhers were clear about the value that they placed on
communication, some expressed doubts about the value the mathematical community “
within the board pla’cedvon communication as expressed through the weightings used for
evaluation. Parﬁcipant D said: “I think there is less o‘f a focus even with the percentage‘
split, comrnuniCation is less important in math because it is worth less.” Participant D was
referring to the board’s weighﬁngs for the Achievement Chart (The Ontario Curriculum:
Mathematics (Revised), 2005, pp. 20-21) which in mathematics are: Knowledge, 35% for
Academic/University level courses or 40% for Appliéd/College level courses, Application
35% (30%), Communication 15%, and Thinking 15%. In other disciplines, the
Achievement Chart category weightings are usually 25% per category, giving the
 categories équai weighting, . = |

Teachers were a§ked if their understanding of communication and mathematics
had changed or evolved over time. Participant I mentioned how her understanding of
communication had evolved to include the connection communication makes between
'skills and understanding. She explained: -

-1 probably, as a new math teacher, focused more on the knowledge and I A

wanted to make suré they know how to rearrange this equation and solve

fof x. I am not realizing the importance of well; do they understand what

the equation means, can they translate it back into wbrds, éan they write. I

am not saying that I wasn’t doing éommunicétion but I di;in’t realize the

" . importance as a link to appliéntion skills and thinking skills.:
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Participant I’s comment reflects how she came to understand the importance of the role of
; communication in learning as she has gained more experience as a teacher. Participant H
commented on his increased use of communication as a tool: I certainly give students
more opportunities to communicate in mathematics than I did at the very beginning.” This
comment reflects on Participant H’s increased comfort with communication and
mathematics. Participant E indicated how he has come to prefer the new.system of
assessing cemrnimication by assigning levels as compared to the traditional methods of
‘ tnarking. He said:
I'like what Iam doing better now. I like how I treat communication‘ more -
now. [ 11ke the ktnd of assessmg comm:nmcatlon the way you would assess
a pa1nt1ng I like that better than takmg of a mark [say] for 1eav1ng off
centxmetres 1 think 1t is more approprlate
This comment was p'robably“the most supportive of communication in mathematics from
_the teechers as they reflected on the new Achievement Chart.

o Oveh half ‘ef thespavlrtieipant‘s'(sev‘en eut of 12) eoinmented on thepervasive néture
of COmmunieation in their teaching practice.yPartici'pant H commented: “‘Ye‘s, teaching is
communication; if I wefe to ignore communication entirely it would be impossible to. .
teach my subject.” Participant C preferred to discuss the pervasiveness of communication

- in mathematics overall, whether it is written or oral communicationi_She eaid:; ‘
- You can’t do math without communicating. You can’t, because you’ve got
~to be able to use the language to say it or you have to be able te write
down the solution so that some guy can pick it up. |
Similarly, Participant E mentioned that conlmunication is a process that is intertwined -

~ with all of his teaching:. “Yes, I teach it every day. I am constantly talking about structure
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~ and proper form and where it leads to and how we can build on top of strong
" communication.” All of these teachers commented on how communication in its various

modes is an essential part of teaching mathematics.

5.7 Responses to Likert Scale Questions
Table3

‘Responses to Likert Scale Questions (Scale I 105).

‘Q;u‘estion : S _ | " Mem ~Std Dev

How prepared do you feel to teach and assess communication? 3.5 1.0
How do you feel supported to teach and assess commumca‘aonr> 2.5 0.9
What is your level of knowledge with respect to teachmg and 33 1.2
assessing communication? ~ : ' '

What is your level of expenence in teaching and assessing .~ .~ .34 . 0.8
commumcatmn”

What is your level of conﬁdence in teachlng and assessmg | 33 1.0
communication?

‘At the end of edch‘iriterview teachers were asked ﬁ\}e questions where they were
to rate their responses on a scale of one to five. The mean response for each question-
along with the standard deviation is shown in Table 3. Questions relating to their
preparedness, knowledge, experience and confidence with respect to teaching and -
assessing communication had similar responses. All of these questions had a mean rating
of close to 3.4 dut of five, with a standard deviation near ohe. This‘resuvlt reflects the

comments made in the previous sections. Overall, teachers were comfortable discussing
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many modes of communication and how they had incorporated them into their teaching
" and assessment practices.

The remaining question, referring to the level of support felt by participants stood
out from the others with a lower mean of 2.5 out of five. This result is also to be expected
given the comments the teachers made during the interviews surrounding in-service,
discussing'communicatiori with their peerS, and consistency in approach. As a result of
this uniquely low mean I have chosen to sumrmarize the teachers’ responses to the
~ question “How do.you feel supported to teéich and assess communication?” -

Some teéchers, such as Participant A, characterized the support they feel as a lack
of conflict: “So, support is “Yeah, I like what you’re doing, go ahead. I'm not sure that I
égree with ybu but that’s all right.”5 Others were more direct in claiming that they feel
support from their colleagues but not at the bbard leveli As vParticipant H said:

I am a little on the ferice on this one because I feel that my colleagues do a

- good job of supporting but there really aren’t, until last year I had not seen a

formal attempt at the board level to assist.

Some teachers indicated that the support they are seeking from the board needs to be in
the form of more concréte direction as to the nature of communication in mathematics.
i’articipant G explained: “I wouldn’t say very supported. We are given an opportunity at
times and not very often to discuss communication on a professional level but not often
we are given right or wrong answers.” . Participant D echoed this sentiment: “I don’t think
there has been much instruction on how to specifically teach communication or how to
include it in math.” These comments echo comments in earlier segiions where teachers
emphasized their dissatisfaction with in-sei'vice provided by the board. By way of

underlining this search for support Participant G, who is a department head at one of the
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sqhqols, recognized the importance for teachers to feel supported by those who lead them.

'He said: “I've put myself in a spot where I am a leader now, and I hope‘ my teachers
would feel more support than a 2 [out of 5 score] because I am their support.” Participant
G is recognizing that teachers are expressing a need for support as well as how he’is

trying to provide some of this support in his role as department head.

Conclusion' e

.-, The feachers in this research, when looked at as a group, are aware of a variety of
modes of commﬁnication: use of conventions of the discipline, writing in prose about
ideas and mathematical thinking, use of vocabulary é.nd terminology of the discipline,
communication with peers, and writing using symbolic algebraic representations.
However, their comments reflect a heayy reliénse oﬂ mathematical conventions when -
teaching and assessing communication in mathematics.. Teachers in this research are
‘seeking knowlédge; and support with respect to communication and mathematics. They
mentioned seeking support from colleagues, the board and also the Ministry of Education
in an effort to build their understandings of what was expected of them when it came to
assessing and teaching éommunication. Also notable was the influence that EQAO is -
ﬁaving on teacher practices. The influence has ‘led to an increased focus on |
communicating about mathematical ideas as teachers try to incorporate writing in prose
into a discipline not known for an emphasis on prose.

In the next section I draw connections between rﬁy findings and the research on

communication and mathematics as presented in the Literature Rev‘iew section. Lalso *

draw conclusions from this discussion as well as comment on improvements to this .

research and directions for further research. * . -
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- Chapter 6
Discussion

Ten years after the implementation of the Ontario Secondary Curriculum (2000),
teachers are still struggling with its new direction. The emphasis on communication, -
highlighted by its inclusion in the assessment structure of the new curriculum, as one of

| the four adhievement’chart categories, is perhaps the root cause of fhis struggle. Teachers
are continuihg t6 question the nature of communication in mathematics and the scope of

~ communication in mathematics in the context of their classroom and assessment -
practices.

The objective of this research was to investigate _the nature of fceachers’
understanding of communication in mathematics from the»viewpoint of secondary
mathematics teachers. The research questioné that informea the investigation were: How
do secondary mathematiés te‘achersv understand communication in mathematics? By this I

~mean — what do teachers consider to be communication? And how has teachers’
understanding of communication developed? -

In this chapter I first discuss how the findings and the literature review come
together to respond to eéch of my research questions. I'then summarize the study, present
my conclusions, and finally briefly make suggestions for further research.

¢
6.1 How Do Secondary School kMathematics Teachers Understand Communication
in Mathematics?
Case (1994) states that in order for teachers to adapt -to usi/ﬁg new curriculum it is
important that they support it. All of the teéchers that I interviewed expressed positive

opinions about the value of communication in mathematics. Teachers also commented on
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the‘pervasive‘ness of communication in their classroom practice. One participant said:: =
~ “You can’t do math without communicating. .. You’ve got to be able té use the language
to say it,” echoing Pimm (1996) and Hiunker and Laughlin (1996) when they>r‘eAfer to
talking as a natural way for people to communicate about mathematics. This participant |
also is embracing the principle of the sociocultural classroom, where language is seen as
being central to leaming .(Steele, 2001).
| g Alohg with noting the importance and the intrinsic nature of communication in
mathematiqs, the téachers in this research also brought forward several benefits of
emphasizing communication within the classroom. The benefits mentioned by the
teachers are all echoed in the literature review. HOWever, the teachers took a much
narrower understanding of the types of benefits of communicating about mathematics..

“Most of the benefits mentioned by thé participanté were those that benefited the
classroom teacher. Teachers are aware that student communication of mathematics gives
~ them insight info ‘student understandings or gives them immediate feedback during  :
lessons, aHoWing them to identify any misconceptions (Pere;sini &,Bassett, 1996; Pimm
1987). The idea that teachers can determine student understandings thro’ugh‘i
communication is supborted:by the sociocultural view that understanding can be seen as a
student coming to share in the meanings of the larger community through discussion
(Lerman, 1996)." - |

The teachérs in my research were also aware of the benefits that communicating
about mathematics brings to studenté.'Teachers described how students can record their
thinking in order to reflect and then refine their ideas as a Way to Work through

difficulties they may have with a problerﬁ (Whitin & Whitin, 2002).
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Another benefit cited by two of the teachers intewieWed for this research was that
' commu’nicafion about mathematical ideas allows students to see that niathematics has '
more dimensions than the purely algebraic, algorithmic aspects (Porter & Masingila, -
2000; Schoen, Bean & Ziebarth, 1996). As one Participant said: “And they can memorize
conventions too without actually having the deeper understanding; so these
communication type qu¢stion's are often a little bit of an insight into whether or not the
student has that overall understanding. One explanation for why more teachers did not
~ mention this as a benefit could be that teachers of mathematics find the algebraic, -
algorithmic facet of the subject to be second nature.
There are other benefits mentioned in the litéfature that were not brought up by
" teachers. Although teachers mentiOned using cqmmﬁnication to determine student
understanding, they did not discuss how thejr Would use that informatioﬁ.to improve
student learning by eithé; adjusting their own delivery or perhaps correcting student
_ misconceptionsy along the Iiﬁes suggested by Goldsby and Cozza, (2002), Thompson and
Rubenstein, (2000). Also missing was the idea that students can use communication to
learn from one another and collaboratively build understanding (Choppin, 2007; Fonzi & -
Smith, 1998; Hiunker & Laughlin, 1996; O’Connell, 2005).
| - Teachers also did not bring up the concept that having students communicate
about mathematics builds a discourse community in the classroom and gives the Ast‘udents
the tools to become active i)articipants 1n this discourse community (Choppin, 2007; Duff,
2002; Hiunker & Laughlin, 1996; Stein, 2007). Nor did teachers comment on how
communication in mathematics is a key element needed for'proﬁciency (Kotsopoulos,

2007b; Pimm, 1987).
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- The primary difference between the teacher perspectives and those in the existing
research is that teachers took a very pragmatic view and éommented oﬁ benefits that they
' saw as directly useful to them or their students; researchers on the other hand, looked at a
bréader spectrum of benefits. There are two possible explanations for this divergence. -
First, teachers were not asked specifically to comment on the benefits that they saw in
emphasizing communication in mathematics; the beneﬁts.lisﬁed above carﬁe outas
participantsidisc':ussed-other aspects of commuriicatidn. Secondly, teachers are not
resg:archers; for something to be a perceived benefit it may need to impact their practice ..
in a practical, concrete fashion. As well, it might the case that had the teachers been .
exposed to constructs such as discourse community they might have been able to
comment on the constructs. |
The teachers in this research fefen”éd >to :a broad raﬁge of modes of
communication; hbwever,_ some modes of communication were more universally
“recognized thanvothers. The modes that came up most often were: conventions, diagrams,
writing (both in prose abput,ideas and using symbolic algebraic representations), oral
(both by teacher and by the student), and terminology. The modes mentioned most often
were conventions and Writing in prose about ideas. This could be because these were the
fwo modes most likely to be assessed during classroom assessments, and conventions are '\
the one mode teachers firmly asserted that they taught and emphasized.. |
Some teachers almoét exclusi\{ely used conventions as their methéd of assessing
communication. This is not to say that teachers did not value communication or did not
appreciate the new emphasis; conventions were just the mode of cdmmunicaﬁon they

taught and assessed. Interestingly, but perhaps not surprisingly, this focus of assessment .

was shared by teachers from the same school, so assessing communication as conventions
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may have been a departmental emphasis. Indeed, this department considered algebraic
representation as their “non-fiction writing” example for one of the board initiatives in "
preparing for the OSSLT. The extent to which other teachers in the board agree with this
department’s understanding of algebraic representation as a mode of non-fiction writing
is questionable.‘

‘The modes of cémmunication that the teachers in the research mentioned are
supported by the research literature. Several of the feachers in the research referred to
- students needing to learn the language of mathematics in a manner akin to Pimm, (1987).
The findings of Lim and Pugalee (2004), Whitin and Whitin (2002), and Peressini and
Bassett (1996), among others, support the activity of stu_dents}writing in prose about
méthematical'ideaé.

Many of the teachers mentioned oral éomfnunicétion (Pimm, 1987; Porter & .
Masingila, 2000; Thompsoﬁ & Rubenstein, 2000) although most used it as a formative -
- assessment or as. a‘substitution for written modes when students were having difficulty.
As mentioned above, mathematical conventions and algebraic representation (Esty &
Teppo, 1996) were the most mentioned mode of com’munication by the teachers. Ina
sociocultural context diécussion with a peer or more knowledgeable adult is the catalyst
fOr children’s learning. While this inclusion of oral communication is encouraging from a
sociocultural viewpoint, it is unfortunate that there was not more emphasis by the
participants on facilitating classroom discussion. From a sociocultural perspective
students should be encouraged to work and talk together as a classroom community
(Bruce, 2007; Carter, 2005; Steele, 2001).

There were some modes of commurﬁcation méntioned with lesser frequency, such

as reading and interpreting as a mode of communication (Cai et al, 2005). Stonewater -
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- (2002) discusses how strong mathematics students combine various modes of

“mathematical representation: ’algebraic, graphical and written. Only oﬁé of the teachers in
my research captured this and she thought it best for her weaker students.. Again only one
teacher alluded to discussion as a key aspect of communication despite the emphasis on
discussion as a mode of communication in the literature (Abele, 1998; Choppin, 2007;
Hiunker & Laughlin, 1996). ©. . . ..

One element of the research available on communication in mathematics which |

did not shéw up in the teachers’ conversations was the discussion of hov;' learr;ing and
discourse are pcjnnected when students are learning and thinking and expressing
understandings about mathematics (Cobb et al, 1997; Kotsopoulos, 2007a; Sfard, 2007).
There could be two explanations fdr this. Firstly if could be a gap in the interview
technique or the interview protocol that did not élicit cdnnéctions between learning and
discourse. Secondly it could be due to the fact that the teachers that I spoke to are not

researchers; they.-are practitioners and as such tend to think and discuss communication in
practical, concrete, expe;iential terms. .

- Although teachers have adopted different modes of communication and can cite -
several benefits of ‘inco‘rporating communication tasks into their teaching practice, they
'still have reservations about this new emphasis. The fact that all of the teachers in the
study expressed reservations indicates that teachers with a wide range of teachiné
experience are facbing tensidns with respect to communicatioﬁ and mathematics. Teachers
expressed their discomfort with the new emphasis on communication beéause itisa
different style of pedagogy than the one they experienc.:ed_when‘ théy were students. This‘ |

-

tension was echoed in the literature on teachers implementing new curricula. This .
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discomfort may be interpreted to mean that teachers are resisting tﬁe curriculum changes
‘(Anderson &vPiazza, 1996). |

Another discomfort expressed by teachers had to do with the introduction of
writing in prose about mathematical ideas. All of the teachers I interviewed had degrees
in Math, Science or Engineering, which are not disciplines traditionally noted for their.
emphasis on the written word. As a result some teachers were also uncomfortable with
incorporating what they perceived as English into Mathematics. Even teachers who were
positive aboﬁt this aspect of communication still referred to the non-algebraic portion as
English. Clearlyfmuch of the teachers’ discomfort with written (in prose) communication
was linked to being askeci to step out of their comfort zone of the algebraic algorithmic
nature of mathematics. |

Powell and Anderson (2002) and Sowéll'.and Za'mb}(')' (1997) observe that other
struggles expressed by the teachers in this research had to do with aspects of the new
curriculum itself. In order fof teachers to be agents of change it is important to first bring
about change in their.own belief and: value systems. The teaphers that I interviewed
expressed conflicted understandings about the direction of the new curriculum, especially
surrohhding assessment practices. Teachers were concerned about the integrity of the
fnarks assigned to communication tasks, the mechanics of using the 4-level marking
system, and how to define communication items on assessments. Teachers were térn
between placing speciﬁc quéstions on tests for assessing communication as opposed to
assesSingv communication holistically over the entire body of an assessment.

Perhaps the reason for the tension expressed above is teachers’ lack of
understanding of the new curriculum. In ordcr for teachers to effeéfively implement

curriculum changes they must understand the new curriculum (Case, 1994). Several of the
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teachers interviewed expressed a lack of conﬁdencé in their own interpretation of - =
‘ COmmunicatibn. . | |

Even though teachers are beginning to experiment and include different modes of
communication in their teaching and assessment practice such as oral communication,
blending representation and writing in prose about idéas, they have clearly not embraced
this change of direction whole-heartedly. Their comments suggest that this is partly
because the new direction is such a departure from the vision of mathematics that they are
used to and partly due to lack of understanding of the connections between
communicétidn and mathematics. In this research there was no evidence of a stubborn

resistance to change.:

6.2 How has Teachers’ Understanding of Communiéatién‘ Devélopéd?

All of the teachers in this research were able to describe their conception of
communication fhrough their. discussion of its importance, its benefits and its modes.
Most of the teachers also l\dis’cussedlthe éQolution of their understanding of
communication over the years that they have been teaching under the new curriculum.
This is encouragiﬁg, because in order to effectively implement a new/vdirectio'n in
éurriculum it is necessary. to bring about a éhange in the beliefs and value systems of - -
teachers (Powell & AnderSoh, 2002; Sowell & Zambé, 1997). Whereas the changé in-
value systems is by no meané complete as teachers continue to strugglé and find their
way, it wQuld seem it has begun to take hold. : - .

*~ Teachers were asked “How do you create a good conimunicétion question? (Or |

- one designed to emphasize communication.) What sources do you use?”” The primary - -

- responses to this question referred to easily accessed, on-site materials: colleagues and
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téxtjbooks. Participants referred to their colleagues for understanding and clarification of

‘ is’;sues surrouﬁding communication and as a source for materials. Howéver, they said they
were aware that this is an imperfect process. In a sociocultural context, understanding is
seen as an individual coming to share in the group meaning (Lerman, 1996). By
discussing communication in méthematics with their colleagues, teachers are living this
process of building group meaning. Textbooks, while being popular, are regarded
critically and ca'utiouslyv. Additionally,‘teachers' are aware of the inconsistencies among

| vagioﬁs texts.

" Participants referred to the curriculum documents rarely and in the case where
curriculum documents wére mentioned it was primarily to reference the achievement
chart (The Ontario Curriculum: Mathematics (R}evised),l 2005, pp. 20-21). The only other
Ministry of Education publication mentioned was the Exér'nplar documents, but this was
only either to ask if they existed or with imperfect recollections.

In my Viéw, the Exerﬁplars themselves are really not helpful and could be. .
improved; they gi\}e deﬁpitibns and a few examples but overall the documents are weak.
Unfortunately, teachers seem to be unaware or imperfectly aware of the Ministry of -
Eduqatidn resoufces available to them such as Mathematical Processes (2006), |
DeVeloping mathematical literacy (2005), Continuum and connections package (2006).
Implementing a new curriculum in 2000-2004, and then a revised curriculum in 2005- §
2008, has iﬁ my.view left feéchers time to do little elsé than survive the changes. Now
may be the perfect time to introduce teachers to other resources since curriculum appears
to have stabilized aﬁd teachers have an opportunity to fine-tune their understandings and

-

practices. While the Ministry of Education documents may not give teachers the concrete
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gnic_iancethey are looking for, they would at the very least provide a starting point fon :
‘ disc’ussion with colleagues or a basis for in-service. o

For the teachers struggling with a new direction, ideally support should be
provided to allow them to explore, clarify and solidify their questions and concerns.
Unfortunately the teachers interviewed did not feel suppoﬁed. In fact the\ most positive
description of the support felt in the research was more like ambivalence. The teachers in
the research were also vlef.y clear that they would liké more support and information.
Aggin, if understanding can be seen as coming to share in the group meaning (Lerman,
1996), these teachers are expressing that they are not really sure what the group meaning
for communication and rnathematics is.
. This feeling of a lack of organized support is mofe than unfortunate fora = -
curriculum initiative that promotes students’ éornmuniCatinn;'It may also be hindering
teachers in their embracing of communication. In-service is a key element in * .
'implementing cnrriCulum chnngés_ (Ross et al.; 2002). Powell and Anderson (2007) add to
this idea by saying‘ that it is important that this in-service occurs in a supportive X
environment. Potvin and Dionne '(2007)‘ describe the ideal conditions for such in-service
is when it follows a coaching model, rather than a prese_ntation of theory. Silver and
Smith (1996) suggest that the ability of teachers to cone with curriculum change may
depend on their ability to form supportive communities of nracticei The teachers nre well
aware that leaming from éach other is the best way to learn. They are echoing the
sqciocultural perspective that learning takes place through interaction with others .~ - -
(Vygotsky, 1978). So the support for teachers has to mean more than ambivalence; it
needs to be active, collaborative, directed silpport and to take varic;us forms inéluding

mentorship and written resources.: * .
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The disconnect befween the research literature surrounding in-service as a vehicle
‘fof implemenﬁng new curriculum and teacher experience among the reséarch paﬂicipaﬁts
is disturbing. The participants were asked, “Please indicate any in-service, specifically in
communication and mathematics that you have participated in.” Half of the teachers
responded with a blunt “none.” The literature is clear on the crucial pQSitive role in-
service can play in curriculum implementation. In-service is considered to be the most
powerful method for‘imélémenting curriculum change (Ross et al., 2002), and trying to
imp/lement new curriculum without supporting professional development will have little
effect (Potvin & Dionne, 2007; Price, Ball & Luks, 1995; Ross et al., 1998). Some of the
teachers recalled the in-sérvice surrounding the original roll out of the new curriculum,
but their recollections were either negative or related to fhe details of the achievgment :
chart (The Ontario Curriculum: Math_ematics’(R‘evised), 2005, pp. 20-21) categories.
Unfortunately these sessions were ofteﬁ led by consultants who had left the classroom -
.andjwere not actﬁally.expériehcing the transition the teachers were; the consultants had
never actually tried to put‘,the Ministry of Educations’ directives into practice and did not
- understand many of the complexities. If the purpose éf in-service that effectively supports
curriculum change is to help teachers clarify the new vision (Sowell & Zambo, 1997),
then the board can claim mixed results. Teachers recall trying to understand the new
- vision; however they perceive the “new” curriculum as a repackaging of the old oﬁe.

The positivé mentioﬁs' of professional development provided by the board referred
to more recent sessions intended to support EQAO such as spring of 2009 workshop by
Marion Small on questioning and a series of small group sessions focusing on open
" response questions for the Grade 9 EQAO assessment for the 2005;2010 school year.

This 2009 workshop does fall into line with the research that cites an increased emphasis
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on iq-service surrounding literacy and numeracy, in other words targeting EQAO (Giles
& Hargreaveé, 2006; Hardy, 2009; Volante, 2007). . |
—..... EQAO was a recurrent theme in the p\articipant interviews as an influence on
teachers’ undérstandings about communication. Therekwer'e no questions directly
referencing EQAO in the protocol but both oblique and direct references were made both
to the OSSLT and to the Grade 9 Mathematics Test by over half of tile teachers -
interviewed. It would seevn.l that the teachers in this research have internalized
| standardized testing as a facet of their teaching approach and are active participants in the
board’s focus on improving the scores on this these tests.
. The influence of Board P’s emphasis on the OSSLT was apparent in some of the
terms the teachers used when discussing c;)mmunicationg the terms “literacy”, “Writing .
across the curriculum” and “non-fiction writirig”,: are all phrases that refer to board
initiatives aimed at increasing student pass rates on the OSSLT. The fact that these terms
are part of the teéchers’ lexicén reflect how teachers are well aware of the pressures of
needing to perform' well on these étandardized tests (Nezevdal, 2003). This- pressure has
- led to teachers changing their teaching and assessment practiée to incorporate skills
necessary for EQAO (Earl, 1999).
| Teachers do reflect Volante’s (2004) concern with teaching to the test but in the - -
same breath reflect that successful EQAO tests are evidence of successful leaming
(Shakef, 2004). Volante (2007) indicates that teachers have not embraced recent reforms
/in.assessment including standardized testing: I found no negative reaction fo EQAO
g ‘testing and in fact some participants cited EQAO as one of the sources for the evolution
of their approach to communication; howevér since we were not di;cussing EQAO .

directly I may not have experienced the full range of teachers’ opinions on the subj ect.
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6.3 _Concluding Remarks -
| The pﬁrpose of this reseﬁch was to examine how teachers undefstand
communication and mathematics and to vinvéstigate‘this issue teachers were asked about
their teaching assessing practices. My research questions for this research were: how do
secondary mathematics teachers understand communication in mathematics? By this I
mean — what do teachers consider to be communication? ‘And how, has teachers’
_ understanding of cOmrhunication developed? There were three key findings: teachers
‘havea rich understanding of communication but only emphasize two modes when
teaching and assessing communication, teachers are seeking knowledge and support with
respect to comtnunicatioﬁ aﬁd mathematics, and EQAO has had an influence on teachers’
practices surrounding communication. - |
* Firstly teachers have a-much richer uﬁdef‘stand_ing of communication than I
expected; instead of only focusing on matht:matical conventions teachers considered oral
communication, Writing in prbse about mathematical ideas; intertwining modes of
communication, reéding e}nd interpreting information and the language of mathematics
- when they discussed communication. Unfortunately, however broadly they discuss |
communication, teachers are really only emphasizing two modes of communication,
mathematical conventions and writing in prose about mathematical ideas, when it comes
to teaching and assessment they are leavihg out combining multiple ;epresentatioﬁs and
mathematical talk fn the mOdes of presentations and classroom discussioq. :
S T¢achers are aware that communication is kKey to teaching and learning about -
mathematics; the fact that they restrict themselves primarily to these two modes,
- mathematical conventions and writing in pfose about mathematica; ideas, for teaching

and assessing may come down to what they are comfortable with rather than what they
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pércgive to represent the full'scope of communication. vThis indicates that although B
‘teéchers’ undérstandings on communication have evoived since the intrbduction of the
- new curriculum, this evolution is by no means complete. To assist the evolution feachers ,
need support to expand their practice surrounding communicatibn in the form of in- = ..
service.

A second conclusion is that teachers are seeking knowledge and support with
respect to communicatio;l -and mathematics. The teachers that participated in the study are
. disqussing ‘crbmmunic’:ation with their colleagues-and actively wrestling with what
communication is and how to fit it in to their curfent~practicés. Teaéhers are not just
ﬁndiﬁg the easiest way to‘ assess and teach communication and they are not content with .
their understanding or execution of these new assessmeﬁt methods. It was not surprising
that teachers are using textbooks and discuSsiOnS with cblléagues as their primary sources
- of information about communication. Teachers have not been trained as researchers to
'review literature 'and if they afe to expand fhéir resourcé base they will require guidance
and modelling. |

As aresult, 2010/201‘1 would be an ideal time for the board to iryltroduce‘in-sqrvice |
on communication and mathematics. Perhaps by using a combinatioﬁ of peer-to-peeg :
éoaching and larger group sessions, teachers could be eXposed to kexisting‘ research and
given support and examples in order to encourage them to experiment with differénf |
modes of communication. waever, this is unlikél'}?”t*; occur bécause, for this type of in- -
service to be supported at the béard level, communication would have to become a board
priority. For this to happen there would have to be a direct, tangible, immediate link fo S |

~ improved student performance, which in today’s educational climate means student

- performance as measured by EQAO.
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"My third conclusion 1s only tangentially connected to communication. Although
'tha,teachers in this research were not asked about EQAO at all, there weie multiple
references to EQAO. It is clear that teachers have internalized the assumption that EQAO
is the measure of student performance. Teachers cited EQAO as a reason for emphasizing
communication, especially in its written (in prose) mode, and as an influence on their own
understandings and practices.. . . . |

-1 would have expedted that when teacher’s were asked directly about their attitudes
| abdnt EQAO they would have been fairly critical and somewhat negative about
standardiz'ed. testing. The way teachers have been absorbed into the culture of
extefnalized standardized‘testing is surprising and not a little disturbing. The fact that they
- are no longer taking a critical view of EQAO, questioning its value as a standard, but
instead have incorporated its language and idéals int'o- their bt'eaching lexic‘on speaks v
-volumes about how commonplace standardized testing has become.

: All'of this indicates that the new curriculum, nine years von, is still a work in-
progress. Teachers," as prdfessional educators are still seeking, thinking and discussing the
changes that have occurred. Hopefully, teasher and student learning are being irnproved
by th¢ process and this einphasis on communication will withstand the next “new

curriculum” when it arrives. -

6.4 Limitations of the Research
Looking back on the design of this research, I can see some areas where
adjustments might have strengthened the credibility of the conclusions reached. The first

issue has to do with research experience. As a first time interviewer I found my -

- proficiency increased as I conducted more interviews. [ became more adept at inserting
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clarif"yi_ng questions and recognizing when they were needed. Also I became aware, as the
intérviews prdgressed, of the need to negotiate meanings ;)f some of the ferminology that
were used. |
~...One éxamplé of the need to negotiate meanings can be seen in the term “form”,
this was both used to indicate diffevrent modes of communication as well as being a
reference to mathematical form. In the end I had to differentiate between modes of
communication and mathematicél conventions. I hadbaISO assumed that teachers would
undgrétand ‘what was meant by “communication question”. I'learned over the course of
the interviews that those teachers who did not use “communication Questions” stili~used
quesﬁons designed to elicit communication from their students and I had to adjust my
questioning techniques accordingly. | B

My interactions with the teachers did ﬁot ‘énd once the semi-structured interview
was over. Often a teacher participant and I discussed issues that had come up in the
course of the intefview. One téacher was very terse in her responses to the interview
questions but was rﬁuch more open once the digital recorder was turned off, Had I
- foreseen this interaction, I could have incorporated summary notes of this unstructured
discussion time into my ethics request and then been able to include teachers’ candid

rémarks in my data. Such inclusions would have enriched the data I collected.

6.5 Directions for Further Research
There are several possible directions for future study on the topic of
communication and mathematics. One such extension to this research could be a-

broadening of the investigation to actually éxplore communication in practice. Teachers

- could be observed in the classroom and assessment instruments could be examined to
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iﬁvgstigate if teachers’ actions match their anecdotal descriptions of their teaching and

’ aésessment bractices. Such an investigation could also be used to indicéte priorities when
designing in-service to support teachers’ quest to improx}e their knowledge and practice
surrounding communication. .-

.Information about teachers’ attitudes toward EQAO also became apparent during
this investigation. Another future investigation could focus on the impact EQAO has had
on classroom practice. It ﬁight also be Woﬁh-ihvestigating hoW EQAQO has affected the
culture of teaching and how teachers have absorbed current attitudes toward standardized

testing.
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Appendix A Interview Protocol
‘ A) Collectiovn of consent and explanation of procedufé and mention of ‘conﬁdentiality
B) Description of format for the sessions
C) Interview questions:
Demographic questions:
1) Please indicate: your teaching experience; the subjects you teach this year; the
subjects you ha\vfe. taught in the past year; what grade levels do you teach?
g 2)- Please indicate: your highest level of education, which grades you are qualiﬁed to
-~ teach; additional teaching qﬁaliﬁcations, graduate courses, professional courses,
in-service trainiﬁg in teaching mathematics and specifically in teaching
communication in mathematics that you have pérticipated in. oo
Factual Questions: |
1) Do you assess communication? -
2) What fo.rms‘ of coMunication do you assess?
3) Howdo ybu assess communication? -
4) Hovs\/ often do you assess communication? |
5) Do you tgaéh communication? '
~ 6) How do you teach communication?
: 7) What is your percepﬁon of whether or not your colleagues aljé teaéhing
communiéation? |
Descriptive questions .., ..
1) Could you share some examples of communication questions that’ you use in your
classroom? '

2) How do you create a good communication question? What sources do you use?
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5)

6)
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What forms of communication do you teach; which ones do you emphasize and
why? Could you give me an examplé?

How do you model good communicationvfor your students? Could you give me an
example?

Do your expectations surrounding communication change from grade to grade or
from level to level? How? .

How often do you discuss communication with your colleagues?

Reflective questions

1)
2)

3)
4)

e))

6)

How did you develop your understanding of communication in mathematics?

Has your understanding of communication and mathematics changed or evolved
over the last ___ years? (the number would ’depe.nd on the amount of time the
participant had been teaching.) Why‘?‘ |

How important do you think cdmmunication in mathematics is? Why?

Would YOu teach corﬁmunication if it was not dictated?

Do you consider ;the inclusion of Communication to be an improvement over
previous curricula?

How do you consider communication in mathematics compares to communication

in other subjects (e.g., English)?

Likert Scale questions

On a scale of 1 (not at all) to 5 (extremely prepared)

/

7) How prepared do you feel to teach and assess communication?

~ 8) How do you feel supported to teach and assess communication?

9) What is your level of knowledge with respect to teaching and assessirig

communication?
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10) What is your level of experience in teaéhing and assessing communication?
11) Whatv is your levgl of confidence in teaching and assessing comfnunication?
D) Conclusion o
Is there anything that we have ﬁot discussed that you would like to add?,
Thank you for yovur time | | | -

Discuss possibievfollow up using email
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Appendix B: Information and Consent Letter

Communication and Mathematics: A Case for Ontario
Secondary Teaching

LETTER OF INFORMATION

E ducalwn

Introductlon Co

My name is Lynda Hemmlng and I am a Masters of Education student at the
Faculty of Education at The University of Western Ontario. I am currently
conducting research into Communication and Mathematics and would like to
1nv1te,you to participate in this study.

Purpose of the study
The aims of this study are to explore secondary mathematlcs teachers
understandings and practices surrounding communication and mathematics.

If you agree to partlclpate L

If you agree to participate in this study you will be asked to part1c1pate ina
face-to-face interview at a location of your choice. Topics covered in the
interview include: demographic information, concept of communication in
mathematics, practices surrounding communication in mathematics,

: development of understandings of communication in mathematics and
resources used to develop these understandings. These interviews will be
audio recorded. A Summary of your interview will provided upon request.

" You might also be asked to participate in e-mail discussions for follow-up
- questions and clarifications that come out of the interviews. The face-to-face

interview will take about an hour and the e-mail discussions might take not

more than another hour in total of your time.

Confidentlahty

The information collected will be used for research purposes only, and
neither your name nor information which could identify you will be used in
any publication or presentation of the study results. All information collected
for the study will be kept confidential. Any data collected from your
interview and/or email discussions will be identified by a code. The list of
codes and names will be kept separate from the data in a locked file. The
data will be stored on a password protected computer and after the study will
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be transferred to a locked file. The data records will be destroyed five years
 after the complet1on of the study or after pubhcat1on

Risks & Benefits

There are no known risks to participating in this study. Research partlc1pants
will benefit from professional development in the form of professional
discussions with a colleague on topics such as teaching practice, assessment,
developing understandings based on curriculum documents and other
resources with respect to communication and mathematics. In my experience
participating in research and profess1onal development strengthens teachers’
profess1onal identity.

Voluntary Participation :

Participation in this study is voluntary You may refuse to participate, refuse
to answer any questions or withdraw from the study at any time with no
effect on your employment status.

Questions |

If you have any questions about the conduct of this study or your rights as a
research participant you may contact the Manager, Office of Research
Ethics, The University of Western Ontario at 519-661-3036 or
ethics@uwo.ca. If you have any questions about this study, please contact
Lynda Hemming (519-571-0969; bwnelson@kw.igs.net or my supervisor,

" Immaculate Namukasa (519-661-2111x82271; inamukas@uwo.ca)

This letter is yours to keep for future reference.

Lynda Hemming
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Appendix C: Consent Form

- Communication and Mathematics: A case for Ontario Secondary Teaching
Lynda Hemming Masz‘eljs of Education University of Western Ontario
CONSENT FORM

I have read' the Letter of Information have had the nature of the study
explained to me and I agree to partlc1pate All questions have been answered
to my satisfaction.

Name (plé_:asé print)i |

Signature: : o R | - } Date:
| Narﬁe of P¢rsvon Obtairll'i’ng'lkhformed an}vsent:

: Sigglléturg of Pérson Obtainiﬁg Informed Consent:

. Date:
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Appendix D: Ethics Approval Form

THE UNIVERSITY OF WESTERN ONTARIO
FACULTY OF EDUCATION

o n USE OF HUMAN SUBJECTS ETHICS APPRO\'AL NOTICE
dniarion g
Revigw Number: 0905-4
Applicant: Lynda Hemnung
Supervisor: Immaculate Namikasa
Title; -Crrricium and Mathemnarics: A case for Omano secondary teaching.
Expm Date: September 30, 2009
Type: M. Ed. Thesis
Ethics Approval Date; June 11, 2009
Revision #;
Documents Reviewed &
Approved: UWO Protocol, Letter of Infornmation & Consent

This is to notify you that the Faculty of Education Sub-Research Ethics Board (REB), which operates under the
anthority of The University of Western Ontarin Research Ethics Board for Non-Medical Research Involving
Human Subjects, according to the Tri-Council Policy Statement and the applicable laws and regulations of
Ontario has granted approval to the above named research study on the date noted above. The appro\-'al shall
remain valid until the expiry date noted above assuming timely and acceptable responses to the REB’s periodic
requasts for surveillance and monitering information,

No deviations from, or changes to, the research project as described in this protocol may be initiated without prier
written approval, except for minoy administrative aspects, Investigators must pmmptl} report to the Chair of the
Faculty Sub-REB any adverse or unexpected experiences or events that are both serious and unexpected, and any
new information which may ady ersely affect the safety of the subjects or the conduct of the study. In the event
that any changes sequire a change in the information and consent documentation, newly revised documents must

-be submitted to the Sub-gB for appx oval,’

- DF. Jason Brown (Chair)

" 2008-2009 Facully of Education Sub-Research Ethics Board
Dr. Jason Brown . Faculty (Chair)

Dr. Elizabeth Nowicki - Faculty
Dr., Jacqueline Specht  Faculfy
-Dr. John Barnett Faculty
Dr. J. Marshali Mangan  Faculty
Dr, Iinmaculate Namukasa  Facuity

Dr. Robert Macmillan  Assoc Dean, Graduate Programs & Research (ex officio)

Dr, Jerry Paguette  UWO Non-Medical Research Ethics Board (ex officio)

The Faculty of Education  Karen Kueneman, Research Officer
1137 Western Rd.  Faculty of Education Building -
- London, ON N6G 1G7  Kueneman/iuwo.ca
519-661-2111, ext.88561  FAX 519-661-3029

Copy: Office of Research Ethics
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