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Abstract
Previous research indicated that teachers have a fundamental role in teaching the proper
language of mathematics, also known as the mathematics register (Pimm, 1978). However, little
is known about how educators use language to communicate and mediate mathematics during
the early years of schooling. This multiple case study explored three educators’ use of languge as
they taught number sense in their classrooms, as well as their views and understanding of
mathematics education. During a month spent collecting data at each of the three sites, the
preschool, kindergarten, and grade 1 educators were involved in an initial interview, five
videotaped teaching sessions, and a recall interview after the video sessions. Discourse analysis
was utilized to explore language use (Gee, 2014). Findings indicate that educators code switched
to the mathematics register (a) when they talked about numbers, number words and counting; (b)
to revoice students’ ideas; (c) to explain student and teacher actions; (d) to provide new math
information; and (e) when they chose between two terms that belonged to the math register.
Findings also demonstrated that educators viewed the language of mathematics as an outside
entity and that they preferred to avoid the use of the mathematics’ register, and relied instead on
protoquantitative terms, everyday terms, and words that denoted action to communicate and
mediate mathematics to young students.
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Chapter 1: Introduction
I have always been interested in and curious about effective practices to teach
mathematics to young children. My own research explorations have been guided by questions
similar to those that researchers interested in cognitive processes have been exploring since the
1960s: How do children's early forms of mathematical explorations shift to more sophisticated
and abstract ways of thinking? Similarly, I have questioned educators’ understandings of those
shifting processes; as a teacher and teacher educator, I questioned how we introduce children in
the first years of schooling to school mathematics.
I come to this research as an early childhood educator and researcher and as a storyteller;
I also bring personal experiences in second language learning. My grandfather used to sing in
Catalan to my mother and although I never heard him, I was always curious about the use of
languages to communicate feelings, ideas, and knowledge. As an adult immigrant, I faced the
challenges of the power of words to embrace new learning and ways to communicate with others.
Hence, this study is the result of my interests, questions, and wonderings about language. My
commitment to improving early years mathematics experiences for young learners has provided
the foundation for the study and this commitment has sustained my interest and dedication to this
dissertation work.
During recent years mathematics education has become a major concern of Canadian
educators, parents, and policy makers. Driven by global demands, teaching and learning
mathematics has become a priority in many Canadian schools; this is also evident during the
early years of schooling, which are now recognized as foundational for individuals’ further
mathematical achievements.
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During the last decade, a new understanding of the important role that language plays in
the teaching and learning of mathematics has emerged (Chapman, 2003; Gorgorio & Plantas
2001; Moschkovich, 2010, 2010; Sfard, 2000; Solano-Flores, 2010). From this new perspective,
language is considered not simply as a way to teach mathematics, but as a means to construct
mathematical meaning.
Learning school mathematics implies that students are initiated into the practice of a
broader mathematics community (Barwell, 2006, p. 208). The question is how are students
initiated into school mathematics? Recent studies have indicated the significant connection
between early mathematics education and students’ later achievements (Claessens, Engel, &
Curran, 2013; Duncan et al., 2007; Ritchie & Bates, 2013; Watts, Duncan, Siegler, & DavisKean 2014). However, I contend that we need to also look at the close interactions between
students and teachers to better understand the educators’ perspectives and the rationale for their
pedagogies.
Previous research strongly suggested that adults’ math talk facilitate children’s
development of mathematical knowledge, and that the richness of the interactions between
children and more experienced interlocutors (parents and educators) fosters children’s
mathematics learning and willingness to learn mathematics (Anderson, Anderson, & Shapiro,
2005; Anderson, Kim, & McLellan, 2016; Borden & Munroe, 2016; Nunes, 2016). Early
mathematics learning then, is critically impacted by the experiences young children have with
mathematics and with the possibilities of early mathematics talk.
However, little is known about how and to what degree educators use language to
mediate and communicate mathematics to young students during the first years of school
mathematics education. Addressing this gap and investigating how much and why educators
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switch between the language of instruction and the language of mathematics is the main purpose
of this study. In particular, my study focuses on code switching—the mixing of words from two
languages (Iannacci, 2006; Levine, 2009; Macaro, 2001, 2005; Turnbull & Dailey-O'Cain, 2009;
Turnbull & MacMillan, 2009)— by educators as they shift between the language of instruction
and the language of mathematics.
The study addresses the following questions: (a) How do educators understand and view
language in mathematical instruction? and (b) How and why do educators code switch between
the language of instruction and the mathematics’ register?

Theoretical Framework Guiding the Research
My study is informed by socio-constructivist and socio-cultural ideas (Rogoff, 1990;
1995, 2005; Vygotsky, 1978, 1987). Supported by this framework, the study is built on the
concept that constructivist and socio-cultural ideas are woven into classroom settings as active
individuals re-construct and co-construct mathematical meanings. The study is also grounded in
the view that language acquires meaning in context (Vygotsky, 1978, 1987) and that language
and context are inseparable (Gee, 2014). From this theoretical perspective, language is more
than a tool for representation and communication; language is a tool for thinking, for
connecting, and for constructing knowledge (Scheleppegrell, 2010, p.76). In that sense,
“learning the language of a new discipline is part of learning the new discipline; the learning is
not separated from the language that constructs the new knowledge” (Scheleppegrell, 2010,
p.79). This line of thought considers that teaching and learning the language of math involves
more than just the use of mathematical terms; it also includes the development of the necessary
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knowledge and communicative competencies to participate in the mathematical discourse
(Moschkovich, 2010).
To investigate how and why teachers code switch between the language of instruction and
the language of mathematics as they teach, I draw upon a body of work on code switching which
has been undertaken primarily from linguistic, sociolinguistic and pragmatic perspectives,
particularly in relation to second language instruction and learning (Iannacci, 2006; Levine,
2009; Macaro, 2005; Turnbull & Dailey-O'Cain, 2009). Researchers conducting these studies
argued that code switching results in activating two symbolic forms that challenge individuals to
think not only about words but also about meanings. I also draw on work that examined code
switching in mathematics in adult learning and teaching contexts where teachers and students
spoke more than one language (Adler, 1997, 1998; Gorgorio & Plantas, 2001; Setati, 1998; Setati
& Adler, 2010; Setati, Adler, Reed, & Bapoo, 2002). Moreover, code switching between the
language of mathematics and the language of instruction has been previously explored in preservice teachers’ classrooms (Zaskis, 2000) and within high school mathematics (Kotsopoulos,
2007), but has not been explored in mathematics teaching with young children. Thus, my study
proposes an original approach facilitating the development of new knowledge in early
mathematics education, as well as providing a unique contribution to the traditional codeswitching literature.

Significance of the Study
Recent research suggests that improvement in individuals' numeracy skills correlates with
better early mathematics education (Baroody & Li, 2009; Ginsburg, Sun Lee, & Boyd, 2008;
Lefevre, Fast, & Sowinski, 2009; Watts, Duncan, Siegler & Davis–Kean, 2014). Numeracy
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proficiency was recently highlighted as a crucial skill needed for 21st century learners (OECD,
2013). However, we know little about what is happening in the early years classroom when
educators and children interact in mathematical activities. Therefore, my study relates directly to
a major concern in relation to the pedagogy of mathematics. The study will make language
visible by illuminating the educators’ use of the language of mathematics as well as the language
of mathematics instruction. This study is unique and will help researchers and educators to better
understand what impact language and code switching might have on the teaching of
mathematics. Developing these understandings will also allow educators to enhance the teaching
of early mathematics.
I have worked for more than two decades as an educator, school director, and as a
researcher in early years education. My interest in mathematics and in young children’s
processes of thinking caused me to question how children construct mathematical understandings
and how we, as educators, could facilitate those constructions in the classroom. By investigating
how educators use language to mediate mathematics meaning, this study will: (a) expand the
current conceptions of code switching; (b) develop new knowledge through an innovative
consideration of code switching in early years mathematics teaching, and (c) facilitate the
development of a deeper understanding of early mathematics teaching. In addition, knowledge
translation of these explorations will potentially result in substantive shifts in how educators are
trained and develop their professional skills, knowledge, and aptitudes for teaching mathematics
to young children.
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Definitions
To help the reader, I explain below how I define particular terms within my study. I
situate these definitions in a socio-cultural perspective; although these complex definitions are
presented separately, I strongly believe that they are inter-related. The definitions are not
presented alphabetically, rather by how I consider they build upon each other.
Discourse: I view discourse as practices that are embedded within particular contexts. The
term implies more than the use of language (Scheleppegrell, 2007; Sfard, 2000) but also ways of
knowing, values, and beliefs that are relevant to the context where they emerge (Gee, 2014).
From a socio-constructivist perspective, a discourse then has social roots and varies across
communities (Moschkovich 2007). Supported by socio-cultural perspectives, my study is framed
within the idea that there are different types of mathematics discourses, such as the scientific
mathematics discourse used by mathematicians, researchers, and professionals (i.e., engineers),
the school mathematics discourse, and the everyday mathematical discourse used by individuals
outside school (Moschkovich, 2002, 2007).
Mathematics’ classroom discourse: school practices where the mathematics language,
specific symbols, diagrams, visuals, and ways of knowing and thinking mathematics become an
object of teaching and learning.
Language: a sign system; a tool that communicates and mediates meanings (Vygotsky,
1978).
Language of instruction: the language (in this particular study, English) used to
communicate, explain, justify, define, represent, and ask about mathematical meanings. For
example, “Could you show me how tall you are?” “How did you solve the problem?”
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Language of mathematics: a sign system used to think, and mediate mathematical
meanings. In this study, the language of mathematics includes the mathematics register,
everyday mathematical terms, and protoquantitative terms.
Mathematics register: particular terms, and ways of knowing and thinking used to express
mathematics (Pimm, 1978, p. 76). The mathematics register has been described as comprising
precision in arguments, and a tendency to abstraction and generalization; in general, it is
expected that through many years of schooling, students should learn the mathematics register
(Chapman, 2003), in order to become numerate individuals.
Everyday mathematics terms: terms that are used in everyday experiences but that have a
particular meaning in the classroom mathematical discourse; for example, terms such as
“cancel,” and “table,” could be considered within this category (Kotsopoulos, 2007).
Protoquantitative terms: non-numerical words use to express quantitative judgements; for
example, “lots,” and “little.” I have drawn this idea from Resnick’s (2000) definition of
protoquantitative knowledge.
Meanings: ideas or concepts. From a constructivist perspective when ideas or concepts
are internalized they create chains of knowledge or understandings.
Code: also defined as language (Auer, 1999; Auer & Eastman, 2010).
Code switching: the practice of moving back and forth between two languages. I frame
my study within the understanding that when individuals code switch they do not only think
about words, but mostly about meanings (Gorgorio & Plantas, 2001, p.14). My study is rooted in
the idea that mathematics has its own language (or register); thus code switching refers to the
switches made by the educators between the language of instruction (English) and the
mathematics’ register.
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Conversations: (with a capital C) “are debates in society or within social groups that a
large number of people recognize” (Gee, 2014, p. 222).
Figured worlds: theories or models (often unconscious) used by individuals to understand
the world (Gee, 2014).
Intertextuality: borrowing and using words and or ideas from others (Gee, 2014).
Early years: this is an accepted term in the early childhood literature that refers to
children ages 0 to 8. Children from the age of 4 to 7 were in the classrooms in this study.
Educators: in the Atlantic Canadian context early childhood educators (ECEs) and
teachers are usually differentiated by the ages of children with whom they work, but also on their
credentials “to teach.” My own understanding is rooted in the principle that beyond ages and
institutional systems, both ECEs and teachers are immersed in the act of educating younger
generations. Hence, in an effort to integrate this view, I refer to all three of the participants in this
study as educators.

Organization of the Study
The remainder of the study is organized into eight chapters, as well as references, and
appendices. Chapter 2 presents a literature review regarding key theoretical ideas about language
and its intrinsic relation with thought, context, and practices. Chapter 3 describes the methods
and methodologies of this study. Chapter 4, Chapter 5, and Chapter 6 present the case studies for
preschool, kindergarten and grade one, as well as an analysis and discussion of the educators’ use
of language. Chapter 7 presents the findings from the cross case analysis. Chapter 8 includes the
conclusion, the limitations of the research and recommendations for further investigations.
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Chapter 2: Literature Review
In this chapter I will outline the key principles of theories and ideas that support the
understanding of language as a tool that is intrinsically related to the historical development of
thought, context, and practices.
This review is grounded in socio-constructivist theory and socio-cultural ideas proposed
by Vygotsky (1962, 1978, 1987) and Rogoff (1990, 1995, 2003). In this theoretical view,
knowledge is seen both as an individual and a social construction. Thus, the rationale for this
choice of theoretical framework reflects my own research paradigm, as I intend to explore how
the theoretical notions of individual and social constructions could be linked and interwoven in
the mathematics class through educators’ use of language. In this study, I also pay close attention
to early mathematics teaching practices. To explain the educators’ use of language in their
teaching practices, I include in this review the existing literature that focuses on the relationship
between language and thought, language and context, as well as the role of language in teaching
and mathematics teaching.
The investigation of how educators mediate mathematical meanings through language is
supported by the pioneering work of Vygotsky (1978, 1987), Mercer (1995), and Werstch (1993)
as well as by current investigations conducted by Chapman (2003), Moschovich (2007) and
Scheleppegrell (2010).
Pimm’s work (1978) about mathematics as a language supports the approach to code
switching that I have taken in this research. The literature review of the construct “code
switching” has been undertaken primarily from linguistic studies conducted by authors such as
Macaro (2001, 2005), Turnbull and Dailey-O'Cain, (2009), and Turnbull and MacMillan (2009).
The consideration of code switching in mathematics instruction is rooted in the literature
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developed by authors such as Adler (1997, 1998), Gorgorio and Plantas (2001), Kotsopoulos
(2007), Setati (1998), Setati and Adler (2010); Setati, Adler, Reed, and Bapoo (2002), and Zaskis
(2000).
The literature review concludes with a discussion of the importance of early mathematics
education, current views in early math teaching, and a rationale for the mathematical domain
(number sense) chosen for this study.
The main themes that I identify in this review are: (a) Language and thought; (b) Language
and context; (c) Language and teaching; (d) Language and mathematics teaching; (e) Code
switching; and (f) Early mathematics teaching. To conclude, I provide a summary of the most
salient ideas.

Language and Thought
To deeply understand the importance of language in mathematics teaching, it is important
to first discuss how the literature explains the role of language in the development of knowledge
and thinking. Vygotsky (1978) posed the questions decades ago: What is the nature of
knowledge? Vygotsky's explanations of how knowledge is constructed relied on biological roots.
Knowledge, according to Vygotsky (1978), is grounded in perception. However, Vygotsky
explained that human perception (different from animal perception) is linked to language and that
it is associated with meanings (p. 33). He suggested that meanings emerge as a result of internal
transformations, and he explained that language and the presence of others has a fundamental
role in individuals’ processes of internal transformations.
When explaining the nature of knowledge, Vygotsky considered that culturally developed
tools and the use of signs affect development and individuals’ knowledge. Tools for thought
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(Vygotsky, 1978), such as marking trees in the woods so we can remember the way back, "serve
as a conductor of human activity" (p. 55); signs are internally oriented and although they are
different from tools, they are mutually interwoven in the individual's cultural development (p.54).
From a socio-constructivist perspective, signs are conceived as being socially transmitted
but not imposed (Mercer; 1995; Rogoff, 2003; Vygotsky, 1978; Wertsch, 1993); rather,
individuals are active participants in the re-construction (individual efforts) and the coconstruction (social efforts) of different sign systems. In Mind and Society (1978) Vygotsky
stated: "higher psychological functions refer to the combination of tools and signs in
psychological activity" (p. 53). Vygotsky proposed that in the process of internalization, tools
become signs that help individuals adapt to their contexts. Vygotsky considered that these tools
are socially and culturally constructed (for example the numeric system) and he dedicated special
attention to investigating how these external tools guided thought.
Above all, Vygotsky (1978; 1987) conceived language as a meaning-making tool and as a
mediator between the individuals’ physiologies, and socially and culturally produced tools (such
as the numeric system); cultural tools, he argued, transform the individual psychological system.
For Vygotsky, language and thought are inseparable.
Swain, Kinnear, and Steinman (2001) explained that language is a psychological tool that
has a double role: to form mental functions as well as being one of those functions. This double
nature of language could be explained by Vygotsky's (1978) description about how language is
the tool that mediates the process of internalization by transforming thoughts into words, which
become artefacts that transform thoughts. It is for this reason that Vygotsky (1978) defined
language as one of the most important symbolic systems that mediate human thinking. He stated,
"the communicative form of language becomes the basis of a new and superior form of activity"
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(p. 29). When describing the psychological functions of language, Vygotsky stated, "words
change an activity into structure" (p. 28); language then organizes internal thoughts, as well as
becoming an internal mental function (Vygotsky, 1978, p. 89). In his last work, Thinking and
Speech (1987), Vygotsky highlighted that the relationship of thought and word is a process, a
movement from thought to word, and from word to thought; he conceived this movement as a
historical developmental process (p. 250). Furthermore, Vygotsky explained that these
developmental chains “arise in the mind under the influence of familiar word forms” (p. 246).
The role of language in knowledge construction has developed into what is known today
as a semiotic line of thought (Chapman, 2003; Scheleppegrell, 2010; Vygotsky, 1987). This line
of thought suggests that individuals' different levels of interactions shape the processes of reconstruction and co-construction of meanings. Under the semiotic line of thought, language is not
just a sign system, as it also carries the meanings that are important for a particular socio-cultural
context; therefore, language cannot be explored in isolation but rather within the socio-cultural
groups where it emerges.

Language and Context
I have explained how within the socio-constructivist theoretical framework
language is related to thought. Gee (2014) suggested, “We use language to build things in
the world, to engage in world building, and to keep the social world going” (p. 31). Mercer
(1995) also recognized that as a psychological tool, language not only helps individuals to
make sense of experiences but also to share and co-construct those experiences with others.
These ideas are surely suggesting that language is undoubtedly interwoven with context and
the cultural practices where individuals live. From a socio-cultural perspective, thinking and
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language develop as we communicate and engage with others; language is, therefore, a
means for people to think and learn together (Mercer, 1995, p. 9). In her investigations about
the cultural roots of human development, Rogoff (2003) stated, "Individual development
constitutes and is constituted by social and cultural-historical activities and practices. Culture
is not an entity that influences individuals. Instead, people contribute to the creation of
cultural processes and cultural processes contribute to the creation of people” (p. 51). Her
claim highlights the fundamental role and the relationship between the individual and the
social in the human thinking processes.
This study is framed within the understanding that there is an intrinsic relationship
between language and the social practices that happened in particular contexts (Barton, 2009;
Gee, 2014; Rogoff, 2003). I understand context as the background, the setting, where the history
and the cultural values merge; for example, the Canadian early childhood context. I define social
practices as those practices that entail a particular form of behaving and acting; for example,
teaching practices. I also understand that within the intrinsic relationship that exists among
language, social practices, and context, particular discourses emerge (i.e, the classroom
discourse, the business discourse or the medical discourse). Discourses imply the use of language
to carry out the social and intellectual life of a community (Mercer, 1995, p. 79); therefore, a
discourse is more than language as it integrates particular ways of talking and knowing, feeling,
and believing (Gee, 2014). I concur with Moschkovich (2007) who argues that discourses happen
and are shaped in social practices, and that social practices are tied to context.
Barton asked: how much is mathematics determined by the nature of the human mind? (p.
53). He provided a strong body of evidence that mathematics is a human creation adapted to
different contextual needs. If language is related to human processes of thought, then, he said it is
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valid to argue that mathematics and language evolved together (p. 53).
This investigation focuses on teaching; in particular, the study explores how a cultural
tool (mathematics) is communicated and mediated to students in the initial years of formal
schooling. The theoretical ideas that I previously explained are certainly arguing that human
knowledge is shared and because humans use language to communicate and transform
understandings, language has a vital role in the construction of knowledge. Socio-constructivist
ideas underline the belief that knowledge is shaped and guided by people's communicative
actions (Mercer, 1995; Rogoff, 2003). “Through conversations with parents, teachers, and other
guides, we acquire ways of using language that can reshape our thoughts” (Mercer, 1995, p. 9).
Vygotsky (1987) described how meanings are exchanged and constructed between
individuals in a zone of proximal development (ZPD). Vygotsky (1978) described that it is in the
ZPD where students’ spontaneous concepts meet an adult's reasoning and the scientific concepts
proper to schooling. He argued that learning happens when children are scaffolded, or guided, by
a more experienced individual within the ZPD. Bruner (1968) explains scaffolding as a particular
cognitive support that helps a child to make sense of a difficult task. The idea of scaffolding
aligns with the theoretical framework of this study as it proposes that in the teaching process,
educators and children are active participants in the construction of knowledge. Moreover, it is in
the process of scaffolding that educators’ use of language emerges as a fundamental tool that
communicates and mediates mathematics meanings to students. It is the exchanges between
students and educators that build the entrance into the ZPD (Vygotsky, 1978) and it is within
these exchanges where I claim mathematical meanings are communicated (re-constructed) and
mediated (co-constructed) by educators and students.
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Language and Mathematics Teaching
According to Mercer (1995), one of the goals of education is to get students to develop
new ways of using language. If language plays a fundamental role in concept development
educators should guide their students to learn “new ways of speaking mathematically” (Adler,
1998, p. 30). Barton (2009), explained, “learning mathematics is learning to communicate in
particular ways about relationships” (p.152).
As previously stated in this review, I understand language as a tool that communicates
and mediates mathematical meanings. My study addresses both these aspects and considers them
as intrinsically related. I describe the language of instruction as the language used in the
classroom to communicate, explain, justify, define, represent, and ask about mathematical
meanings (English, in the case of this study). For example, “How did you solve the problem?”
“This is how we are going to think about these dots now.” Besides using English terms in the
English classroom to communicate and mediate mathematics, teachers also have to teach the
language proper to mathematics. In other words, they have to teach a language within another
language (Pimm, 1978, p 74). According to Chapman (2003), “mathematics and language can be
understood as two semiotic resource systems” (p. 146). Both mathematics and language deal with
particular signs (for example words and numerals) that are highly valued in the classroom.
This study is grounded in Pimm’s (1987) leading work on mathematics as a language.
Viewing mathematics as a language implies the consideration of particular terms that exclusively
belong to mathematics (defined in this study as the mathematics’ register) as well as the
consideration of everyday mathematical terms.
Drawing from Halliday’s (1978) ideas, Pimm considered the math register as the terms or
phrases that are solely used to express math purposes and he claimed that the terms are so
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specific that they do not have meaning in any other language, for example, “parallelogram,”
“pattern,” or “equation.” Researchers explained that there is not a direct relation between the
math register and its meanings and that rather, this relation is conventional (Pimm, 1987;
Scheleppegrell, 2010). Scheleppegrell, (2007) described that the mathematics register is highly
technical (p. 142) and that among other characteristics, it includes the use of long dense noun
phrases, a precise use of conjunctions, the use of classifying adjectives, the use of qualifiers after
a noun, and the use of attributive clauses to classify objects and events. Scheleppegrell stressed
the idea that teachers play a key role in helping their students to make meaning of the math
register and she argued that only by working with a more experienced interlocutor (the teacher)
can students become aware of it. However, this is not a simple task. In her pioneer work in South
African classrooms, Adler (1997, 1998, 2001) discussed the use of teachers’ language in
mathematics lessons and identified three major dilemmas: (a) the dilemma of mediation; (b) the
dilemma of transparency; and (c) the dilemma of code switching. She explained how teachers
experienced the need to choose between languages in order to make mathematics reachable,
transparent, and meaningful for their students.
In addition to having its register, the language of mathematics also borrows from
everyday language (Kotsopoulos, 2007; Pimm, 1987; Scheleppegrell, 2007). Everyday
mathematical language as employed in this study refers to terms that are used in everyday
experiences, but that have a particular meaning in the mathematics classroom; for example, terms
such as “bar” and “table.” According to Scheleppegrell (2007), learning new meanings for words
that students already used in other contexts outside the classroom, is more complex than learning
the math register meaning (p. 143). Furthermore, studies have shown that students struggle to
assign new meanings, and as a result, their mathematical learning suffers (Kotsopoulos, 2007;
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Moschkovich, 2000; Pimm, 1987; Scheleppegrell, 2007). In his pioneer work, Vygotsky (1978)
explained that in humans’ ontogenic development, everyday language sets up the foundation for
scientific language to be learned.
If language is considered a tool that facilitates the communication and the construction of
meanings, learning the language of math (its register and everyday mathematical terms) implies
that individuals need to assign mathematical meaning to terms. According to Pimm (1987), this
is the most crucial human linguistic ability (p. 4), and as Vygotsky stated, without meaning,
words are empty sounds (1987, p. 244).
Supported by constructivist and socio-cultural theoretical frameworks, I understand that
learning mathematics in the classroom implies the consideration of a particular discourse.
Moschkovich (2000, 2007, 2010) maintained that “words, utterances, or texts have different
meanings, functions, and goals depending on the practices in which they are embedded” (2007,
p. 25). I draw on Cobb’s (1996) early work on the construction of knowledge, to claim that the
school classroom emerges as a privileged space where the re-construction and the coconstruction of mathematic meanings should happen. However, I also strongly recognize that
mathematics is “ a created world, a world of the human imagination” (Barton, 209, p.121) that is
also re-constructed and co-constructed in different contexts (for example, the academic context,
the work context, the street context). Therefore, I admit that there is more than one type of
mathematical discourse practice, and that these practices vary socially, culturally, and historically
(Barton, 2009; Moschkovich, 2002). Moschkovich (2007), referred to multiple mathematical
practices and explained how they are tied to context, so that very often they guide different ways
of talking in the classroom. She defined the academic mathematics as one referring to the
practices of mathematicians; school mathematics referred to the practice of students and teachers
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in school; everyday mathematics made reference to the practices in which individuals engaged
outside of school or academic mathematics; and workplace mathematics which referred to the
practice of mathematics in the workforce outside school or academics (p. 1-2). She explained that
these definitions are complex and varied depending on context and use.
According to Chapman (2003), students start school not knowing how to use the school
mathematics; however, they develop mathematical understanding by talking and being talked to
mathematically. Chapman explained that “learning mathematics requires transformational shifts
between less mathematical and more mathematical language” (p. 134). Supported by these ideas,
I argue that the same transformational shifts occur when educators teach mathematics; it could be
suggested then that educators’ spoken language moves and “switches” along a continuum in
order to facilitate student constructions of mathematical meanings. The question is, how does this
switching happen? What does it look like?

Code Switching
I draw on a body of work on code switching to investigate how teachers switched
between the language of instruction and the language of mathematics as they taught mathematics
to young students. Code switching “refers to the practice of moving between languages in
seamless ways” (Scheleppegrell, 2010, p. 88) and it often happens when a bilingual person
addresses another bilingual person; the switching may involve one word or phrase or it might
consist of several phrases. Sociolinguistics literature (Auer, 1984, 1999; Auer & Eastman, 2010)
has examined code switching as it appears in bilingual speech and implies the use of “ two codes
(languages), which are used alternately” (Auer, 1999, p. 313). This line of research has explained
that code switching is a characteristic of bilingual or multilingual talk and not a sign of
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deficiency in the use of languages. Code switching has been identified as part of bilingual
interactions (Turnbull & O’Cain, 2009) and as an important identity function in bilingual
conversation.
In relation to second language instruction and learning, the examination of code switching
has been undertaken primarily from linguistic perspectives (Iannacci, 2006; Levine, 2009;
Macaro, 2001, 2005; Turnbull & Dailey-O'Cain, 2009; Turnbull & MacMillan, 2009). In these
studies, teachers and students were observed to switch between English and the classroom’s first
language in order to clarify or reformulate content. Code switching was identified as a teaching
strategy in bilingual classrooms when educators gave instruction to students, when they
controlled the students’ behaviours, when educators checked for student understanding and/or
when they discussed new words (Macaro, 2001; 2005). Additionally, it was found that teachers
code switched depending on the perceived difficulty of the subject matter (Turnbull &
MacMillan, 2009). Researchers conducting these studies argued that code switching results in
activating two symbolic forms that challenge individuals to think not only about words but also
about meanings. According to Macaro (2005), code switching “allows for the negotiation of
meaning” because it provokes a breakdown in the conversation (p. 66). The same idea was
stressed by Gorgorio and Plantas (2001), who claimed that code switching is not mere translation
because individuals do not only think about words but mostly about meanings (p. 14).
Moschkovich (2010) agreed that code switching bridges the discourse as it allows individuals to
stop, to look for content and clues. Furthermore, Moore (2002) identified code switching as a
superior form of knowledge that provides individuals with the ability to integrate and
differentiate meanings (p. 290).
Since the 1990s the study of code switching has also emerged in bilingual mathematics
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classrooms (Adler, 1997, 1998; Gorgorio & Plantas, 2001; Setati, 1998; Setati, Adler, Reed, &
Bapoo, 2002). More recently, global trends in immigration have expanded this line of research
and recent studies (Lim & Presmeg, 2010; Moschkovich, 2010; Salehmohamed & Rowland,
2014; Scheleppegrell, 2010; Setati & Adler, 2010) are pointing out the role of code switching in
diversified English math classes where the large majority of students speak more than one
language. Studies have also been conducted in Canada to investigate the use of everyday
language to build the mathematics register (Kotsopoulos, 2007; Zaskis, 2000).
I framed my study within a different approach to code switching. Supported by the
understanding that mathematics is a language and that as such it has its own register (Pimm,
1978), I investigated how and why educators code switched between the language of instruction
(English) and the mathematics register.

Early Years Mathematics Teaching
During the last decade, cognitive research has shown that young children are capable of
learning and understanding mathematical concepts comprising a variety of topics, including
space, shape, patterns, as well as number and operations. This line of research also highlights that
young children display an understanding of mathematics and the language associated with it,
including ideas of more, less, size, patterns, and number (Anderson, Anderson, & Thauberger,
Baroody, Bajwa, & Eiland, 2009; Baroody & Lix, 2009; Clements & Sarama, 2009; Ginsburg,
Sun Lee, & Boyd. 2008; Kamii, 2000; Kato, Kamii, Ozaki, & Nagahiro 2002; Siegler & Booth,
2004). Moreover, young children can demonstrate a wide range of mathematical competencies
such as making connections, providing arguments, mental computation, and problem solving
(Perry & Dockett, 2002). In a recent article, Borden and Munroe (2015) discussed early
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mathematics teaching and learning in aboriginal communities. Supported by socio-cultural and
ethnomathematics perspectives that suggest that mathematics is not universal but rather culturally
rooted, these authors presented the idea of children having their own ways of knowing and
learning mathematics. Despite being framed within different theoretical approaches,
constructivists and ethnomathematics researchers have proposed that young children have the
ability to learn mathematics, thus indicating also the fundamental importance of mathematics
during of the early years of schooling.
In general, early mathematics instruction is supported by the belief in the importance of
learning through exploration, or what is known as “hands-on learning.” In addition, there seems
to be a preference for play, real explorations, and the use of concrete materials. Current
discourses in the early years, particularly in early childhood education, address the idea of the
whole child, usually referring to how social, emotional, physical, and cognitive development of
children is grounded in the contexts where they live (Basler Wisneki, 2012). These discourses are
rooted in the recent de-construction of the image of the child that researchers and educators in
many communities have started to discuss in opposition to the white-western image created by
developmentalist ideas (Anderson, Anderson, Hare, & MacTavish, 2016; Canella, 2005; File,
2012). However, as File (2012) pointed out, the historical connection between early childhood
practices and developmentalist views of how children learn, endures to this day (p. 30). This
seems to be particularly the case in mathematics practices; as Anderson (2016) stated, “Young
children’s mathematical knowledge and development remains largely framed by mainstream,
Eurocentric views” (p. 8). In an attempt to reconcile these discourses, Clements and Sarama
(2009), presented the idea of learning trajectories in mathematics education. They believed that
“to develop the whole child, we must develop the mathematical child” (p. 2) and explained
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learning trajectories as sequences of activities that educators need to accommodate and create in
order to follow children’s natural developmental progressions (p. 2). As an educator and a
teacher educator, I have experienced how teachers are confronted with these discourses daily.
A recent study conducted in Germany with kindergarten teachers has shown that
discovery learning and constructivist ideas about learning were generally accepted by teachers in
regards to mathematics teaching (Benz, 2012); however, the author also indicated that although
the teachers had a positive attitude towards mathematics, they described it as confusing and they
needed to often rely on a teacher-directed approach to teach it. Handal and Herrington (2003)
explained that teachers’ beliefs about mathematics are unconscious views about curriculum,
schooling, students, teaching, and learning; in that sense, teachers’ beliefs about math affect their
classroom practices. Leatham (2006) extended these ideas and indicated that teachers’ previous
experience with mathematics as well as their beliefs about the nature of mathematics and
mathematics teaching and learning also affect their mathematics teaching practices. A similar
line of research has also shown that teachers’ beliefs and perceptions about students’ needs affect
their mathematics teaching. Within this line of research, teachers’ perceptions of students’ needs
have been described in relation to their socio-economic status, their previous experiences and
knowledge, and their opportunities to succeed in life (Ernest, 1999; Lee & Ginsburg, 2007; Skott,
2001; Sztajn, 2003).
My study focuses on mathematical interactions between educators and children as they
work on activities intended to develop notions of number sense. Number sense is defined as “a
good intuition about numbers and their relationships. It develops gradually as a result of
exploring numbers, visualizing them in variety of contexts, and relating them in ways that are not
limited by traditional algorithms” (Howden, 1989, p. 11, as cited in Van de Walle, Karp, Bay-

23
Williams, McGarvey, Folk & Wray, 2014). Number sense develops as children “understand the
size of numbers, develop multiple ways of thinking about and representing numbers, use
numbers as referents and develop accurate perceptions about the effect of operations on numbers
(NCTM, 2000, p. 80). Developing good number sense implies developing a web of
understandings that involve meaningful verbal counting and cardinality (Baroody, Bajwa, &
Eiland, 2009), as well as the ability to work with number relationships such as patterns, sets, and
part-part-whole relationships which in turn enhance the understanding of operations, place value,
and the mastering of basic facts. To explain their argument of children’s active participation in
basic number combinations Baroody, Bajwa, and Eiland (2009) explained that critical aspects of
number sense begin to develop during the preschool years; these researchers highlighted that
parents and teachers have a key role to support this knowledge. Furthermore, the researchers
maintained that children who do not have the chance to construct solid number sense
competencies during the early school years, develop what they describe as MD (Mathematics
Deficiency).
One may think then that mathematics education during the early years should facilitate
children’s re-constructing and co-constructing knowledge that begins with their natural abilities
and moves to more advanced understanding. I argue that this process of continuous shifting is an
educators’ responsibility; therefore, educators’ pedagogical approach and their use of language to
connect and to scaffold students’ knowledge are fundamental strategies to facilitate meaningful
mathematical learning.

Summary
The major focus of this literature review was to explore the theoretical ideas and
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research frameworks referring to the social construction of knowledge (Rogoff, 1990,
1995, 2005; Vygotsky, 1978, 1987) as well as to the theoretical views that explain the role
of language in knowledge construction (Mercer, 1995; Rogoff, 2003; Vygotsky, 1978;
Wertsch, 1991).
The theoretical arguments about how humans develop knowledge have established
the foundation for my own theoretical ideas to emerge. Without a doubt, my research
paradigm is grounded in the ideas that Vygotsky proposed. I argued that the construction of
knowledge becomes meaningful when individuals relate and engage with others through
language. Without the possibility of engaging in cultural practices, knowledge and ideas
lack meaning and value.
I have also explained the intrinsic relationship between language and context and
language and teaching. As well, I have examined the relationship between language and
mathematics education. The literature review also provides a rationale about mathematics as a
language (Pimm, 1987) and extends my thinking about utilizing the construct of code switching
to move between the language of instruction and the mathematics register.
Current discourses of early mathematics teaching are also discussed, particularly in
relation to the mismatching of ideas and theoretical beliefs educators seem to encounter daily
when teaching mathematics.
The understanding of language as a vehicle of thought and as a vehicle to
communicate meanings has significant implications for educational contexts. Integrating
mathematics and language is crucial for the improvement of mathematics learning,
particularly during its foundational stages. I believe that by investigating how meanings are
communicated and mediated through language, my study has provided significant insight
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into the pedagogy of mathematics during early educational experiences and has contributed
to current theoretical views about code switching.
In the next chapter, I explain the methods and methodologies used in the investigation.
Details regarding the research design, the research sites, the selection of participants, data
sources, and data analysis are provided.

26
Chapter 3: Research Methodology and Methods
This chapter presents the research approach taken in this study. I have provided details
regarding the research design, the research sites, how participants were selected, and the sources
of data. Analysis and management of the collected data are described in this chapter as well.
Special consideration is given to my researcher’s role, including a description of my professional
background and my pedagogical interests, to help the reader understand my personal
involvement and positioning within this study. The study addressed the following questions:
(a) How do educators understand and view language in mathematical instruction? and
(b) How and why do educators code switch between the language of instruction and the
mathematics’ register?

Research Design
The research design that frames this study is rooted in my research paradigm; as a socioconstructivist researcher, I understand that individuals make sense of the world by a cyclical
process of continuous efforts and accommodations. I believe that these processes of
accommodation facilitate the co-construction and the re-construction of reality. I adopted a
qualitative research design as a powerful frame to guide my own re-construction of the reality I
wanted to explore. More specifically, I employed a descriptive qualitative research approach
(Sandelowski, 2010), to provide in-depth rich descriptions of the spoken language used by
educators in a pre-school, a kindergarten, and a grade one classroom. Patton (2015) considered
that the understanding of the context of study is an essential aspect of qualitative research
designs. As well, LeCompte (2002) argued that it is only through close contact with the context
that critical questions could be asked and interpreted. I adopted the stance that it was imperative
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then to analyze the particular contexts and classroom practices where language unfolded in order
to understand in depth the language used by three educators.
Case study as a method of inquiry. Drawing from socio-constructivist ideas, I framed
this research study with the understanding that language and context build on each other, and that
one does not exist without the other (Gee, 2014; Vygotsky, 1978, 1987). Gee (2014) proposes
“Language has meaning only in and through social practice” (p. 12). Therefore, the close
exploration of the classrooms where my participants taught mathematics to young children
became a fundamental and necessary aspect of this investigation. A case study approach emerged
then as a critical methodological choice (Creswell, 2015) to facilitate an “up-close and in-depth
inquiry into a specific, complex, and real world phenomenon” (Yin, 2015, p. 194). As a
qualitative researcher, I positioned myself within the socio-constructivist paradigm that
knowledge is constructed (Fosnot, 2005; Rogoff, 2003; Vygotsky, 1978) and I borrowed from
Merriam (1998), the view that “reality is constructed by individual’s interactions with their social
worlds” (p. 6). This personal view of the world supported my interest in closely interacting and
examining the mathematics classroom contexts so to provide a chain of evidence (Yin, 2015)
that could help me uncover and understand the construct of code switching.
Each of the classrooms where the case study took place was conceived as a bounded
system (Merriam, 1998) that framed the use of spoken language in a particular time and space.
Therefore, the exploration of the cases was instrumental in nature (Stake, 1995) as each of the
classrooms was an enclosed space that provided insight into the educators’ spoken language
during math activities. The recognition of the classroom as a place (Strong-Wilson & Ellis,
2007), led me to outline some of its boundaries prior to the data collection process. The initial
boundaries that I drafted for this study design were: (a) the classroom location; (b) the classroom
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space; (c) the participants: the three educators, and also the groups of children with whom they
worked; (d) mathematics in the classroom; (e) the pedagogy of mathematics in each classroom;
and (f) the educator’s use of language in a particular mathematics class. These initial boundaries
guided my observations and supported the delimitation of the collective case study as a
phenomenon of inquiry.
Classrooms contexts are complex and cannot be adequately investigated through a single
perspective (Scheleppegrell, 2010); therefore, I collected multiple sources of data and employed
a variety of data analysis approaches to develop a thick description (Geertz, 1973) of each of the
cases. The data sources I employed in the study (initial interviews, video recordings,
photographs, video recall interviews, and my own journal) as well as the process of analyzing the
language, facilitated the construction of multiple layers of meanings that made the analysis a
complex and fascinating journey.
My constructivist paradigm situated me, the researcher, as an interpreter of the classroom
realities. My observations, ideas, notes, transcriptions of the video recordings and the
participation of the educators in processes of data interpretation, have supported my
reconstruction of each of the cases. The three case studies are my own representation of what I
observed, noticed, and talked about with participants in the classroom contexts. As a socioconstructivist researcher, it is my intention that the “thick descriptions” (Merriam, 2002, p. 42) I
have provided, could open the possibility for readers to create their own interpretations and
reconstructions of the classrooms’ realities and potentially develop a space for further
discussions and re-constructions about the meaning of mathematical talk.
Data from this study has been validated by my extended observations in each of the
classrooms, as well as by the participation of the educators in the processes of data interpretation

29
and checking the data for accuracy. Moreover, the video-recall interview involved an in-depth
reflexive process between the educators and myself. In addition, the more structured and step-bystep approach I used to conduct discourse analysis has enhanced the trustworthiness of the study.

Discourse analysis as a method of inquiry. This research study is grounded in the belief
that language facilitates the construction of knowledge in the classroom through social
interactions (Chapman, 2003; Cobb, 1994; Moschkovich, 2010; Schleppegrell, 2010; Vygotsky,
1978, 1987). I argue that the role of language in mathematics education is fundamental not only
to communicate mathematical meanings but also to foster mathematical thinking.
In this study the educators' use of spoken language was analyzed through discourse
analysis. Discourse analysis refers to the analysis of written or spoken language and is considered
a method for studying, exploring, and better understanding how language is used (Gee, 2014). In
general, discourse analysis is conceived as the examination of patterns in language
(Schleppegrell, 2010) and as a tool to explore the relationship between language and the sociocultural contexts where language is used. According to Gee (2014), “Discourse analysis is a
reflexive, reciprocal, and cyclical process in which we shuttle back and forth between the
structure (form, design) of a piece of language and the situated meanings it is attempting to build
about the world, identities, and relationships in an specific context” (p. 148).
There are multiple ways to describe discourse analysis, mostly due to the several foci of
approaches taken from linguistics, sociology, psychology, anthropology, and education. In
education research, discourse analysis has become an important methodological tool to better
understand the ideological roots and effects of particular discourses (Warriner, 2008). For
decades, educational researchers have explored classroom discourse to better understand teaching
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and learning processes. As Schleppegrell (2010) stated, school subjects are constructed and
communicated through language, thus by closely investigating and analyzing the language used
in the classroom, the complex dynamics of teaching and learning could be better comprehended
and explained.
I employed Gee’s (2014) approach on discourse analysis to analyze the educators’ use of
spoken language. The rationale for this selection relied on Gee’s consideration of language as
active and fully embedded within practices. According to Gee, it is practice that gives meaning to
language, but it is through language that individuals construct and give meaning to practice (p.
12). I understand this intrinsic relationship as tightly framed within socio-constructivist theory
which understands language as a tool to co-construct and re-construct reality (Vygotsky, 1978).
In that sense, “what we do with language is always both old and new” (Gee, 2014, p. 31) as
individuals construct and create meanings while they are engaged in social practices (Rogoff,
2003; Vygotsky, 1978, 1987). I embraced Gee’s idea of discourse analysis as “a continuous back
and forth between context and language” (Gee, 2014, p. 36) and I contend that by closely looking
at, and by investigating the relationship between language and classrooms’ contexts, I was able
to better understand the meaning of educators’ math talk “in actual contexts of use" (Gee 2014, p.
211).
Within this socio-constructivist framework for discourse analysis, language was
conceived in this study as a tool that transforms thoughts and constructs reality (Vygotsky,
1978). The unit of analysis was language-in-use (Gee, 2014), in other words, language that was
fully embedded within classroom practices. Words were then conceived as having a “situated
meaning” (Gee, 2014) that was proper in the contexts of the particular classrooms where I
conducted the study. Situated meanings “deal with highly specific meanings that words and
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phrases take on in actual context of use” (Gee, 2014, p. 81). In other words, the situated
meanings of words and phrases used in a math classroom became a venue to analyze language,
but also to better understand the practice of teaching mathematics to young children.
Supported by the idea that language is a tool that constructs reality (Gee, 2014;Vygotsky
1978, 1987), I adapted Gee’s framework to analyze and explore how reality (in this study the
mathematics class) was constructed through educators’ use of language in a preschool, a
kindergarten, and a grade one classroom. Carried by the idea that words have a “situated
meaning” (p. 81), Gee proposed a series of “tools of inquiry” (p. 45) that provide fundamental
information for the analyst and facilitate the exploration of background information that could
help with the interpretation of particular contexts. I adopted some of Gees’ tools of inquiry and
focused on intertextuality (words or texts individuals often allude to, that have been said or
written by others (p. 46); “C” onversations (themes, arguments or debates that are particular from
a group); and figured worlds (cultural models or schemas, which are often unconscious and are
grounded in social and cultural groups (p. 95).
My adaptation of Gee’s model for discourse analysis helped me to frame my analysis of
language within each of the three case studies. The in depth exploration and the questions I asked
myself and my participants supported my understanding of the rationale of certain teaching
practices, as well as helped me to better comprehend the understanding of these educators and
their views about language in mathematics instruction. This type of analysis enhanced the
validity of the study and also helped me weave the meaning of the language-in-use as well as
uncover the construct of code switching.
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The discourse analysis conducted in this study also focused on the language form, that is
the analysis of grammar and on the conventions or rules by which grammatical units (verbs,
nouns) created patterns that signal what was relevant for the mathematical classroom context.

Participants and Research Sites Selection
I used purposive sampling (Patton, 2002, 2015) to invite three educators—one from
preschool, one from kindergarten, and one from grade one classrooms—to participate in the
study. According to Patton (2002), “the logic and power of purposive sampling derive from the
emphasis on the in-depth understanding” (p. 46). By purposefully choosing the participants, I
intended to develop rich cases (Patton, 2002, p. 242) that would accomplish the purposes of the
study: to facilitate the development of new knowledge in early mathematics education, as well as
provide a unique contribution to the traditional code-switching literature.
The preschool classroom was purposefully chosen from the Provincial Government
records. The kindergarten and the grade one classrooms were purposefully chosen from the
Provincial English School Board. The selection of the preschool classroom was based on three
key characteristics: (a) that the preschool classroom functioned in a licensed Centre; (b) that the
Centre’s staff was certified under the Provincial Government’s Regulatory Board; and (c) that the
Centre functioned in English. The criteria for selecting the preschool educator were: (a) that the
educator was teaching 4 and/or 5 year old children; (c) that the educator held at least a two year
early childhood diploma and was certified under the Provincial Government’s Regulatory Board;
(b) that the educator participated regularly in profesional development training; (c) that the
educator had at least five years of teaching experience; (d) that the educator taught in an English
classroom; and (e) that the educator manifested an interest in mathematics education.
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After receiving ethics approval from the Research Ethics Board from the University of
Prince Edward Island (UPEI) (April 2015), I contacted the Director of the preschool centre by
phone and described the study as well as the criteria for selecting the preschool educator. When
the Director manifested an interest in participating, I emailed her an information letter and a
consent form regarding the centre’s participation (see Appendix A). As soon as her consent was
given, the preschool educator was invited to participate; she received an information letter and
the educators’ consent form by email (see Appendix B). I met with the preschool educator in
September 2015. During that meeting, we discussed the study and organized the schedule for the
three consecutive weeks I was going to spend in her classroom.
In the case of the kindergarten and the grade one classrooms, I sought ethics approval
from the Provincial/Regional School Board. I received Ethics Approval in May 2014 and I
proceeded to contact the two school Principals from the English Board by phone to explain the
study and the criteria for selecting the educators. The criteria for selecting the kindergarten and
the grade one educators were: (a) that the educator held at least a teaching degree acredited by a
University; (b) that the educator participated regularly in professional development training; (c)
that the educator had at least five years of experience; (d) that the educator taught in an English
classroom; and (e) that the educator manifested an interest in mathematics education.
After the Principals from each school agreed to participate, I emailed them an information
letter and a consent form for the School’s participation (see Appendix A). When the Principals
gave consent, I emailed them the educator’s information letter and the educator’s consent form
(see Appendix B). The principal then invited educators from kindergarten and grade one
classrooms in his/her school to participate; a kindergarten teacher from one school, and one grade
one teacher from the second school agreed to participate. I met with the Kindergarten teacher in
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September 2015, and with the grade one teacher in December 2015. During those meetings, we
discussed the study and organized the schedule for the three consecutive weeks I was going to
spend in their classrooms.
Children’s parents in the preschool classroom and in the kindergarten and grade one
classrooms where educators agreed to participate also received a letter of information and a
consent form for their child to participate in the study (Appendix C). Even though this study
focusesd on the educators, parental consent was required because as I video recorded the
educators I captured images and the participation of the children. Only three parents of chidren
who attended the pre-school, the kindergarten, and the grade one classrooms involved did not
give consent for their children to participate in the study. A total of 53 children did participate in
the study.
During the individual meetings with the educators, we organized a schedule for data
collection. We agreed that in the event of a necessary change within the proposed schedule, the
educators would contact me in advance.
To protect the institutions and the participants’ identity, each participant as well as the
centre and the school are identified in this study with pseudonyms: the preschool educator is
identified as Carol, the kindergarten educator is identified as Emily, and the grade one educator is
identified as Susan. I also used pseudonyms to protect the children’s identities.

The Researcher’s Role
I have worked for more than two decades as an educator, early learning centre director,
teacher educator, and researcher in early years education. I bring a deep understanding of the
early years’ dynamics and insights to this study; in other words, “I walk the walk and talk the
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talk.” I deeply value key ideas that emerged from socio-constructivist approaches, such as
honouring multiple perspectives and valuing the relationship between researcher and
participants; these ideas are firmly rooted in my research paradigm and constitute central nodes
of my professional work. I am conscious that the participants and their stories are the essence of
my research, thus they deserve my entire respect and concern. Honouring my participants implies
accepting their history, language, ethnicity, age, cultural values, and beliefs.
For me, research is about constructing knowledge (Mason, 2006; Steinhauer, 2002); but I
believe that knowledge construction is not only a focus of the researcher. In this study, the
educators’ ideas, comments, and views provided a rationale and the background information to
better understand their use of language. This required that I listen attentively, ask questions
respectfully, and interpret accurately their stories and perspectives.
Prior to starting data collection, I worked for a week as a volunteer in each of the
classrooms involved in the study. Following the educators’ lead, I supported their work in daily
classroom routines as well as assisting in their work with students. This enabled me to become
familiar with the classroom routines and schedules as well as facilitating my interactions and
relationships with the educator and with the children attending the classroom.
I worked on building a trusting relationship with the educators and the children who
attended their classrooms. Although the focus of the study was on the educators, I wanted to be
sure that these young children felt confident in my presence prior to the start of the video
recording of their classes. Although parental consent was received for children to participate in
the study, I ensured that the children themselves accepted my presence with the video camera. If
a child seemed uncomfortable during small group class dynamics, I asked her/him if s/he would
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allow me to videorecord them. If a child responded negatively, I turned the camera off and
moved to a different place in the room.
I was also very sensitive to the dynamics of the schools and the classrooms. If situations
emerged, such as a change in the school or centre routines, difficulties with a child’s behaviour,
or issues that demanded the educator to leave the classroom, I turned the camera off if I was
video-recording or I asked my participants if they needed to make changes in my visit for that
day. I continuously engaged in informal conversations with my participants through the day,
inside and outside the classroom. This engagement provided me with important information but
also helped me to better understand their perspectives towards teaching and mathematics.

Data Collection
Data collection took place from October 2015 to early February 2016 and it was
organized as follows: (a) October 2015, kindergarten class; (b) November 2015, preschool class;
and (c) January 2016, grade 1 class.
As mentioned earlier, I spent one week working as a volunteer in each of the classrooms.
The second and the third weeks were dedicated to video recording five mathematical sessions on
five different days. The number of video recording sessions was chosen to allow me to efficiently
manage the demands of the transcriptions. That said, fifteen mathematics lessons in foundational
educational settings, I argue, provide a sufficiently robust body of data for the exploration of
code switching in mathematics education.
I adopted Merriam’s idea (2009) for case study data collection and I planned this process
in three phases: the entry phase, the data collection phase, and the exit phase (p. 122). The main
aspects and features of each of these phases is described below:
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The entry phase of data collection. As an experienced educator, I understood that I needed
to gain the confidence and trust of my participants. The importance of building a trusting
relationship with them from the first time we met certainly helped me and participants to feel
comfortable with each other’s presence. During the entry phase, I met with my participants to
ensure that they understood the focus of the study; I also highlighted my intention to be the least
disruptive possible, so routines would not be impacted by my physical presence or the presence of
the video recording camera. I assured them that although I was there to conduct research, I
understood the reality of life in the school/centre, and that I was flexible in adjusting to changes in
the data collection schedule if necessary.
During the entry phase I also explain my participants that they were expected to develop
number sense activities for the video recording sessions.

The data collection phase. I adopted an observer-as-participant role (Patton, 2002), therefore
my participation in the group was secondary to my role as observer. Adler and Adler (1994),
described this role as peripheral, where the researcher observes and interacts closely enough “to
establish an insider’s identity without participating in activities constituting the core of the group
membership” (p. 85).
During the video recording sessions, I adopted a non-participant role (Casey, 2007); by
minimizing my participation during the video recording sessions, I was able to better capture the
interactions between educators and students, thus maintaining the study’s rigor (Patton, 2015).
During whole class math sessions, I always sat at the back of the classroom, so the children
could forget I was there. I kept my journal in a place where it was easy to access. During the first
few days I kept my notes short, and I completed most of my notes when I left the classroom. I
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started by focusing my observation on general aspects of the classroom dynamics; as the days
passed, the details started to emerge and my observation focused on little details and as a result I
“narrowed the angle of my lens” (Merriam, 2002, p. 129). My observations and notes became
richer when the video recording sessions started during the second week. The possibility of
observing the video recordings many times undoubtedly impacted the thickness of the
descriptions I was able to develop for each of the three cases (See Chapters 4, 5, 6, and
Appendices H, I, and J). Additionally, while being in the class I took notes about my feelings,
speculations, or reactions to different scenarios, as well as drawing maps of each site.
I enriched my observations by taking photographs that could help me better describe the
cases. I asked the educators for permission to take pictures that did not include the children or
themselves when the classrooms were empty.

The exit phase. The schedule for data collection was planned with the educators; therefore,
the educators and the children knew exactly when I would finish data collection. I tried to make
the transitions out of the classrooms as seamless as possible, particularly for the children who at
that point were used to my presence. I also asked the educators for their permission to contact
them in the future by email or phone if questions emerged during the process of data analysis.
When data collection ended, I emailed the Director and the Principals to inform them that data
collection had finished and thank them for participating in the study.

Data Collection Tools
Data was collected through: (a) an initial individual interview with each of the educators; (b)
video recording of five mathematical lessons; (c) video-recall sessions with each of the three
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educators to discuss the videos clips taken from the recordings; (d) photographs; and (e) a
researcher’s journal. A detailed description of each of these data collection tools is provided
below.
Initial individual interviews. I conducted individual interviews (Fontana & Frey, 2000;
Kvale, 1996) with each educator at a time convenient for the participant during the first week I
spent in each of the classrooms. A structured interviewing approach was developed (Fontana &
Frey, 2000, p. 124). Questions were outlined to explore background information (Gee, 2014)
about the educators’ understanding and views about language in mathematical instruction. In
addition, questions were framed to investigate what kind of mathematical activities were going to
be involved in the video recording sessions. The initial interview questionnaire is presented in
Appendix D.
Initial interviews lasted between one and one and half hours, and they were fully recorded
and transcribed. I carefully framed the individual interviews so that both the participants and
myself had the opportunity to actively interact while building a trusting relationship (Patton,
2015). A few days after the interview was conducted, I provided a copy of a transcript of the
interview to the educator to check for accuracy; the three educators returned the copy one week
later, and no changes were requested by any of the participants. At that point, I included the
transcripts of the initial interviews in the body of data for analysis.

Video recording of mathematics sessions. I video recorded five mathematics sessions to
capture how the educators used spoken language to mediate and communicate mathematical
meanings. The reason behind video recording the sessions was to facilitate in-depth observation
(Angrosino & Rosenberg, 2011) and the possibility of reviewing the educators’ use of language
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while they taught mathematics Additionally, the use of video recording allowed for the
observation of contextual features of the language in use not only for data analysis purposes but
also for the educators when they observed themselves teaching during the video recall sessions
(discussed next). I believe that by having the opportunity to observe their teaching, educators
were given the opportunity to critically make their own interpretations, thus enriching the
processes of data collection and data analysis.
Five mathematical sessions taught by each educator were recorded over a period of two
weeks in each participant’s classroom. The educators planed both the timing and the structure
(whole class or small group) of the class. In whole class sessions, I placed myself at the back of
the room and videotaped the educator only (while she was facing the camera); in small group
lessons, I placed myself in front of the educator so she would be facing the camera. In both cases,
children were mostly video recorded and viewed from behind. However, in some cases, the
children moved to the front of the room and since stopping the recording would impact the
desired record of the educators’ voice, if a child’s face was visible, I used software to blur the
picture and ensure that the child could not be identified. When I was videotaping, educators
freely moved in their classrooms and I moved the camera; sometimes, I remained in the back of
the classroom and used the camera lenses to zoom in.
After each video recording session I uploaded the videos in iMovie, a video editing
software application. Videos were organized in folders by classroom date, for example,
Preschool-Session 1. I carefully observed the videos multiple times and selected the most
pertinent clips for data analysis purposes; the selected clips were shared with the educators
during the video-recall sessions. I decided on the video clips based on their relevance to the
research questions, and those that helped me better comprehend how the educators understood
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and viewed their use of language in mathematics. Additionally, the video clips were chosen
based on the level of complexity of the mathematical content being taught.
I created folders in iMovie to store the raw data and the selected video clips; within each
folder I also created a subfolder to store video clips that showed educators code switching. At the
end, for each of the sessions the folders were set up as follows: (a) Preschool-Session1 (raw
data); (a.1) Preschool-Session1-selected clips; and (a.1.1) Preschool-Session1-code switching.

Video-recall sessions. I conducted what I called a video-recall session with each of the
educators to discuss the selected clips of the five mathematical sessions. I framed these sessions
within the socio-constructivist understanding that video observations provided my participants
with the possibility to express their “points of viewing” (Goldman-Segall, 1998, p. 5).
Prior to the video-recall session, I carefully selected the video clips that were relevant to
this study’s research questions; the number and the length of the selected video clips varied from
class to class. I created a semi structured interview (Fontana & Frey, 2000) with a series of
questions to guide the video-recall sessions; questions were framed to examine educator’s
understandings and views of their use of language, as well as to investigate educators’ awareness
of how and why they code switched between the mathematics’ register and the language of
instruction. Besides these protocols, educators freely expressed their points of view regarding
what they saw or heard in the video clips, thus I asked a few more questions that the reader will
find displayed in each of the stanzas.
It is important to indicate that different questions were elaborated for each of the videorecall sessions as the lessons varied in each of the case studies. Appendix E, F, and G show the
three different protocols used during the video-recall sessions.
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For the video-recall session, the educator and I sat together in a quiet room and observed
the selected clips. By having the opportunity to observe their teaching, educators were given the
opportunity to critically make their own interpretations, thus enriching the processes of data
collection and data analysis.
The video-recall sessions were recorded and transcribed. After the video-recall session, I
provided the transcription of the selected clips and the transcription of the video-recall session so
the educators could check for accuracy. Educators returned the final copy to me between two
weeks and a month after data collection ended; no changes were requested by any of the
participants. The final transcriptions were included in the body of data for analysis.

Photographs. Photographs helped me to concretize the observations of the case studies
(Harper, 2000). I took photographs after class or when students where not present. Photographs
focused on class settings and physical arrangements; I also took photographs of the educators’
teaching resources and if possible, I took pictures of educators’ records and planning. If allowed,
I took pictures of the physical settings in the institution.
I uploaded the photographs in iMovie, a video editing software application. Photos were
organized in folders by classroom. “Photographs, drawings, and other graphical information help
us solidify our understanding, organize and internalize new material, recognize patterns and
relationships, and think creatively” (Carpenter & Huffman, 2007, p. 24). I carefully observed the
photographs multiple times and selected the ones that helped me to build the case studies.

A researcher’s journal. Writing is a crucial “method of inquiry” (Richardson, 2000, p.
923). As a researcher, I wrote daily journal entries to facilitate my continuous reflective process,
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as well as to discover relationships and trends related to the study’s research questions. As a
constructivist researcher, I believe in building the realities being explored thorough a continuous
process of interpretation, which in turn supported the development of my in-depth understanding
of the data sources.
I had a journal for each classroom; I took my journal with me every day and I placed it in
a spot in the classroom where I had quick access to it. I took notes when I was not interacting
with the children or when there was a break for teachers in the classrooms’ routines. I also wrote
ideas, descriptions, and/or key words every day after I returned home.
Through my journal notes, I wanted to keep alive everything that I observed, noticed or
talked about with the educators and the children. Each of the journals is full of notes, highlights,
and visual representations that helped me describe the details of each complex classroom. During
data analysis, I relied on my journals to analyze patterns and regularities within each classroom.

Data Analysis
The analysis of educator’s language through discourse analysis. I used discourse
analysis to analyze the educators’ use of spoken language. During the video recall sessions, I
shared with each educator the selected video clips. I chose 15 videos clips from preschool, 15
from kindergarten, and 14 from the grade one video recordings. As we watched the selected
video clips, I asked the educators questions about each of them. Sometimes I presented more than
one video clip if I considered they showed the same idea during different scenarios (for example,
the educator working with the idea of “the same,” in different activities).
After each video recall session, I transcribed the selected video clips and the video recall
interviews. Following Gee’s approach, I conducted discourse analysis by organizing the
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transcriptions in stanzas. Gee defined stanzas as “a group of lines about one important event,
happening, or state at one time and place” (2014, p. 234).
The stanzas from the video clips were numbered (i.e, Stanza 1) and the stanzas of the
video recall sessions that aligned with the video clip received a number and a letter (i.e., Stanza
1a). The lines in each stanza were organized depending on relevant information and units or
chunks of ideas expressed by the speaker. Each line in the stanza was numbered. Children were
identified with pseudonyms and educators with the letter “E” followed by a letter that indicted
their class level; therefore, EP indicates the educator from preschool; EK the educator from
kindergarten, and EG the educator from grade one.
In the stanzas, I adapted the following transcription conventions from Gee (2014):
.

A period indicated a final intonation, not necessarily the end of a sentence;

Words

Words underlined indicated stress;

WORDS

Words capitalized and underlined indicated higher stress;

..

Two periods indicate a brief pause, less than a second;

(0.5 second pause) Numbers in parenthesis followed by the term “pause” indicated silence time
in seconds;
bold

Indicated mathematical register;

maaath

Multiple letters indicate an elongation in the speech (i.e., woooord).

In the case studies chapters, I present for each case study a series of observations. The
observations are numbered and include the selected stanzas. The observations are displayed in
table form with both types of stanzas in the data analysis section as follows:
Observation 1
Stanza 1 (in math class)

Stanza 1a (educator’s video recall)

45
Stanzas on the right side of the table were numbered separately if I considered that the educators
alluded to different ideas that were important for the analysis of language.
The entrance point of the discourse analysis was the situated meanings (Gee, 2014, p. 81)
of terms and phrases used by each of the educators as they taught and talked mathematics. For
each of the stanzas, I focused on key words and phrases that appeared relevant for this research
study and I built background information by adapting the following questions from Gee’s
framework: (a) What situated meanings do these words and or phrases have in this stanza? (b)
What figured worlds do these situated meanings appear to implicate? (c)What “C”onversations
do these situated meanings appear to implicate? and (d) What types of intertextuality do these
situated meanings implicate?
I then looked closely at the linguistic details of the stanzas. I concentrated on how content
words (nouns and verbs) as well as function words (articles, pronouns, prepositions) supported
the main claim in each of the stanzas, particularly in relation to mathematics and code switching.
I also focused on how educators used intonation and stress.
Finally, I adapted some of the questions proposed by Gee to analyse code switching
between the language of instruction and the mathematics’ register; hence I also analyzed the
stanzas through the following questions: (a) How does this piece of language evidence, or not,
code-switching?; and How does this piece of language make code-switching significant, or not?

The analysis of the three case studies. As previously stated, I opted for an instrumental
approach to case study. In this type of approach, “the case is of secondary interest, it plays a
supportive role, and it facilitates our understanding of something else” (Stake, 1979, p. 437). By
describing three cases —one in the preschool classroom, one in the kindergarten classroom, and
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one in the grade one classroom—I aimed to provide knowledge about the context, which in turn,
helped me to better understand the spoken language used by the educators when they taught
mathematics.
I used observation to collect data about the cases. Both the on-site and the video recording
observations resulted in a substantive body of data that helped me to re-construct and represent
the case studies. The detailed observations and descriptions of the cases were enriched by the
initial interviews and the video recall sessions I conducted with my participants. The video recall
sessions were analyzed through discourse analysis and provide rich background information not
only in terms of language but also in term of the educators’ understanding and views about
language in mathematics instruction. Additionally, the video recall sessions also provided
important background information to describe the rationale behind pedagogical practices
observed in each of the cases.
In the interpretation chapter following the three case studies, I present the cross case
analysis I conducted to highlight similarities and differences across cases. Guided by the study’s
research questions, I searched for patterns and themes that cut across the cases. I read and colour
coded the stanzas and the analysis of the stanzas as well as the educators’ interviews. I also went
back to my researcher’s journal and observed the selected video clips and photographs multiple
times to validate and cross check findings (Thomas, 2006). The in-depth analysis that I
conducted across the three cases allowed me to construct an interpretation of how these three
educators used spoken language in teaching mathematics to young children
In summary, I have explained my methodological approach, and my study design in this
chapter. To facilitate the readers’ understanding of the methods used, I have provided a
description of the selection of participants, the selected sites, the data sources, as well as detail
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about how the data was collected and analyzed. In the next three chapters, I present the three case
studies, beginning with the pre-school case study, followed by the kindergarten case study, and
concluding with the grade one case study.

48
Introduction to The Case Studies
This research study present case studies of three different contexts: a preschool class, a
kindergarten class, and a grade one class. All of the classrooms are geographically located in the
Atlantic Provinces of Canada. Within each case study I investigated how educators used
language in the particular mathematical discourse of a preschool, a kindergarten, and a grade one
classroom.
Each case study offers a description of: (a) the mathematics within the classroom; (b) the
pedagogy of mathematics in the classroom; and (c) the educator’s use of language in the
mathematics class. To afford a closer look at the educators’ use of language in their math classes,
I then provide a series of mathematics class observations. On the right of each set of classroom
observational data, I juxtapose excerpts from the video recorded comments of the educators
pertaining to each individual vignette. I conducted discourse analysis on the entire data set, and
have chosen instructive examples to share in the following three chapters presenting the case
studies.
Please note: further details regarding each case study may be found in Appendix H, J, and I.
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Chapter 4: The Preschool Class
The preschool class was located in an early childhood Centre in rural Atlantic Canada in
an old school building decommissioned by the provincial Department of Education. A large park
surrounded the building, and a trail led to a nearby beach. The Centre housed children from 6
months of age, to 4 and 5 year olds; during the time of data collection there were approximately
70 students enrolled in the Centre, both part time and full time. The large majority of the children
were English speaking Canadians who lived in the area. Even though the building was old,
tremendous efforts had been made to look appealing and child friendly. Visitors immediately
notice a warm sense of welcome, as they view corridor walls covered with children’s art, and
enjoy the smell of baking wafting from the kitchen.
Carol was the preschool educator. She had 26 years of teaching experience with young
children. She had an early childhood certification; Carol was considered one of the senior staff at
the Centre.

Mathematics in the Classroom
During the morning gathering, which lasted approximately thirty minutes, the children
first counted the number of stickers that were placed beside their names, and decided who were
the helpers, usually a boy and a girl. The helpers of the day counted aloud the total number of
children present, as well as the specific number of boys and girls who were in class that day.
During this daily routine, children were also invited to compare the totals between the group of
boys and the group of girls. Sometimes, Carol presented the children with different role-play
activities where a group of children performed for the rest of the class; these role-play scenarios
always involved the actors doing tasks such as rote counting or patterning.
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Mathematics was also present during different invitations and in the play areas through
particular resources and manipulatives. Carol clearly stated “Mathematics is through the whole
day in our space; for example, the children think they are playing bingo, and they are having so
much fun playing bingo, but what they are really doing is matching numbers” (Initial interview,
November 5th, 2015). During the initial interview, she explained that the preparation of the
invitations required much thinking, in particular because mathematics was not one of her
strengths. “I really have to think to keep those math invitations interesting and also to keep the
balance so it is not all about math or not all about letters.” (Initial interview, November 5th,
2015)

The Pedagogy of Mathematics in Carol’s Classroom
During the interviews and the informal conversations I had with Carol during the month I
spent in her classroom, she spoke many times about the importance of knowing students’ abilities
and previous knowledge before moving them “forwards.” She frequently discussed the
importance of observing children as a pedagogical strategy:
I think is important that we have that time to observe the children so we know
where they are, so if a child needs some help, that child is in the back of my
mind, and when he or she comes to the table where I am doing math, I can
interject some of that teaching in there. (Initial interview, November 5th, 2015)
Carol also talked about teaching mathematics meaningfully by developing
children’s interest and by supporting them emotionally: “In an emergent curriculum, we
say: if they are interested that’s fifty percent of your job done already. I also never want
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children to feel that they are not good enough, and not having that feeling of success.”
(Initial interview, November 5th, 2015)
Carol pointed out that when she read the consent form to participate in this
study, she was worried about the idea of a math lesson:
I was “WOW, Am I supposed to be having math lessons? A math lesson is the
way they do it in school! Because we don’t do that; the days we do the frogs, or
the counting, we do it at circle time, so I don’t really think about it as a
LESSON…Is it teacher-directed? Yes it is, a little bit...our whole program is
not teacher-directed but there are some parts that are just a little. (Initial
interview, November 5th, 2015)
Carol expressed some concerns regarding the curriculum guidelines she was expected to
use in her math class:
I guess it’s a framework, so it is not specific about shapes and blocks, you
know? I think we were very proud in the beginning that it was a framework,
because it allowed people to be creative so, the fact that is a framework is good,
but there could be some gaps there... I don’t use the curriculum frameworks as
a guide, I mostly use my own experience and do things like one-to-one
correspondence, which I knew, right? And things like counting, things like
patterning, which are not even in the curriculum guide! (Initial interview,
November 5th, 2015)
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Carol’s use of Language in Mathematics Activities
To explain Carol’s use of language in mathematics’ activities, I will first describe her
view and understanding about language in mathematics. Later in this section, I provide the reader
with eight observations that include stanzas from the video clips and the video recall sessions
selected from Carol’s class. As previously explained in the methods section, I conducted
discourse analysis to analyze Carol’s use of language as well as to identify evidence of code
switching. Hence, this section of the case study provides the reader with an intensive analysis of
language “in use” (Gee, 2014, p. 20).
Carol strongly believed in the importance of talking mathematics while children
explored materials. During her interactions with the children, I often observed how she
used mathematical language. As she said, “Interject that language as much as possible;
for example, if a child is building a tower we would just automatically say: Which one is
taller? Which one is shorter? We are just used to that, it comes naturally.” Even though
she spoke about the importance of talking mathematics, Carol also expressed some of
her questions and concerns about the language of mathematics:
I feel it is more important that they understand the concept than the words…
the concept that this many and this many is still the same amount when you put
them together…Do they really need to know about equals and minus? …But
we do say “less” and “more”… (silence)…and “patterns”…I don’t know, I
don’t know…but I tend to stay away from it...And I often think about the
language around addition and subtraction, and equals and I wondered…and I
try to stay away from that too…I think it is too abstract …we are doing it, but
we are not saying the words. (Initial interview, November 5th, 2015)
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Analysis of language. Below I provide the reader with eight observations that include
stanzas from the video clips and the video recall sessions that were selected from Carol’s class.
To facilitate the analysis, I have used numbers to indicate lines and pseudonyms to identify a
child; a group of children is identified as “Ch;” Carol is noted as “EP” (Educator-Preschool); I
am identified as “R.”

Observation 1. Stanza 1 displays a child-initiated activity in which the educator reframed
the child’s offer (Julie wanted to share her rice crispy) into a math problem. Through the activity
the educator exposed her students to the opportunity to count, to fair share (Van de Walle, 1994),
and to compare. Stanzas 1a, 1b, 1c, and 1d followed chronologically and show the different
facets of the educator’s responses as she saw the video. Stanza 1a presents Carol’s response
about terms such as of “more” and “less;” stanza 1b presents her perspectives about counting;
stanza 1c displays Carols’ response about “half;” and stanza 1d displays her response when
prompted about language decisions.
Stanza 1 (in math class)

Stanza 1a (educator’s video recall)

The educator gathered the group and explained that

R: How does mathematics language unfold

Julie brought a treat (a rice crispy square) that

through this clip?

she would like to share with all her friends.
EP1: Do you think this is enough for everybody?

EP1:I think that when we talk about

(showing the rice crispy package)

“more,” and “is it enough?”

Ch2: Yes…

EP2: so all that language;

EP3: Well look at this (opening the package)

EP3: and I think about “more” as a word

EP4: First of all we need to count the friends

EP4: that most children at this age know…

to see how many friends,

EP5: I don’t know if you noticed

EP5: because we have to cut it up so we can have

EP6: but I didn’t say “less,”

one piece for each friend

EP6: because it is not a word that children
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Matthew6: There is lots of friends

seem to know

EP6: There are lots of friends…

EP7: so I didn’t say it.

Carla7: That many (showing five fingers)

R8: So if the children are not familiar with a

EP8: Well, let’s start counting to see how many

word you tend not to use it?

friends we have

EP9: Well, I might use it once…

EP and Ch8: One, two, three, four, five, six,

EP10: I kept saying “more” and “is it enough?”

seven, eight, nine, ten, eleven; twelve!

EP11: but the word “less”…

(she pointed at each child)

EP12: I don’t think I used it

EP9: so we have twelve friends

EP13: because it is a word

EP10: Mary, would you like a piece?

EP14: I don’t know if they are familiar with,

(she nodded affirmatively)

EP15: I think I tend to use “more”

EP11: well that’s thirteen friends

EP16: because it is something they have

EP12: John, would you like a piece?

experience with,

(he nodded affirmatively)

EP17: so I think it’s building

EP13: FOURTEEEEEN

EP18: on what they already have experience

EP11: and what about Michael? What’s after

with.

fourteen?
Seth12: Fifteen

Stanza 1b

EP13: Fifteen

EP1: The other thing that happened was the

EP15: Do you think we can get fifteen pieces

counting;

out of this? (Holding the rice crispy)

EP2: we counted at least three times;

Ch15: yeah…

EP3: I think that repetition of counting

EP16: Would the pieces be big or small?

EP4: and seeing as they count is good for

Ch17: Big…no, small…

them to hear;

EP18: Well let’s see…

EP5: some were able to count up to sixteen,

John19: Let’s do them BIGGGG

EP6: others got lost at five;

EP20: Well, what if I cut it in two?

EP7: others, like that little guy said “it’s a lot,”

(She cut the rice crispy in two ‘equal’ pieces)

EP8: because that was how he could articulate

EP21: How many people can have a piece if I

what he meant.

just cut it in two?
Ch22: Two…

Stanza 1c

EP23: Only two people

EP1: I also said “half,”

EP24: Oh… Is there more than two people?

EP2: but I didn’t say “quarter,”

Ch25: Yeah…

EP3: because I didn’t feel…

55
EP26: What do you think I should do now?

EP4: because if they got “half,” that’s good

EP27: We’ll cut this side on half and…

EP5: because some kids would have experience

should we cut this one on half too?

with “half,”

Ch28: Yes!

EP6: like “do you want half an apple?”

EP29: How many are we going to have now?

EP7: With “quarter?” mmm…

Lucy30: Fifteen!

EP8: If I put it in, I will…consciously put it in.

EP31: How many friends do I have?
Samuel32: One, two, three, four, five, six,

Stanza 1d

seven, eight, nine, ten, eleven, twelve, thirteen,

R: How do you make those decisions? Are you

fourteen, fifteen!

aware of those decisions?

(he touched each child)

EP1: I think I am aware of the language

EP33: Would these pieces fill fifteen people?

that I am using

Ch34: No

EP2: and I try not to go above their level;

EP35: What should I do?

EP3: I try to be sure I am down at the level

Ch36: Cut it!

where they are.

EP37: Cut them in half?

EP4: Sometimes, if I can introduce one new

Ch38: Yes!

word

EP39: Is this half?

EP5: or one new concept

(Making a knife mark through half)

EP6: that’s great;

Ch40: Yes!

EP7: So if I use a word

EP41: Should I cut this one in half too?

EP8: and no one says anything,

Samuel42: Yes!

EP9: I would assume it went over their

EP43: Ok, let’s see (She cut each piece in half)

heads

EP44: I don’t know… what do you think?

EP10: or they were not interested it on it,

EP45: Are we going to have enough?

EP11: so I will not bring it up again.

Rebecca46: You have to cut them AGAIN!

EP12: But, if I saw that they jumped on

EP47: Ok, let’s count them, let’s put them in a row

something,

Ch48: One, two, three, four, five, six, seven,

EP13: I will probably use it more.

eight…(pointing at each child)
EP49: Do we have more than eight friends?
Ch50: Yes
EP51: So what do we need to do?
Ch52: Cut them again!
EP53: Cut them again?...Oh no! they are getting
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smaaaaller…
(The educator cut all eight pieces)
Mary58: Maybe we have to share…
(The educator placed the pieces on a row again)
EP59: Do you think is fifteen?
Lucy60: I think it is five…
EP61: Do you think there are only five?
EP62: Does it look than more than five?
EP63: How many is five? Show me five
(the children showed five with their fingers)
EP64: Do you think it is more than that?
Samuel65: A lot! (Showing five fingers)
EP66: Five is a lot? Ok, Let’s count to see if we
have enough
EP and Ch67: One, two, three, four, five, six,
seven, eight, nine, ten, eleven, twelve, thirteen,
fourteen, fifteen, sixteen!
(she pointed at each child)
EP68: How many friends do we have?
Lucy69: Fifteen
EP70: We have fifteen friends but we have
sixteen pieces...What does that mean?
Ben71: Take one away!
EP72: Take one away?
EP73: Wait, when we counted, did we count
Travis too?
(Travis has been playing in the other side of the room
room)
EP74: Maybe we should count Travis too to be
sure,
EP75: Ben could you do that for us?
Ben76: One, two, three, four, five, six, seven,
eight, nine, ten, eleven, twelve, thirteen,
fourteen, fifteen, sixteen (touching each child)
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EP77: So, do we have enough?
Ch78: YES!!!!
EP79: Thank you Julie for sharing with us!
(The educator passed the tray around and every
child took a piece).

In this activity, Carol invited her students to mentally compare an “ever changing” set
(started with 2 and grew piece by piece) with a count of 15 children, trying to determine
“enough” or if they needed “more.” Carol led the activity and children enthusiastically engaged
and responded to her questions while having sometimes the opportunity to count, to think about
sizes, to estimate quantities, to fair share and to compare in a meaningful problem-solving
situation. As the activity unfolded, Carol code switched to the mathematical register when she
talked about counting and when she used number words; she also code switched to the math
register when she used language that invited children to compare (“more than”). The analysis
revealed that Carol also code switched to approximation words (Resnick, 1989) to discuss
discontinuous quantities (“lots” and “big”)
Through the whole session, Carol helped her students see the significance of counting as
a relevant strategy for solving the math problem. In some instances, Carol explicitly asked her
students to count (stanza 1, EP4, EP8, EP47, EP66, EP74), while at other times she implied the
possibility of counting by asking the question “how many?” (stanza 1, EP21, EP 31, EP63).
In stanza 1b, Carol stated her views about the meaning of counting; she explained how
important it was for her students to have the possibility to see the items (the rice crispy squares
and the other children) while hearing the number words, particularly due to the different counting
abilities children in her class had. Carol’s understanding and respect for students’ differing math
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abilities seemed to be grounded in some of the Conversations (Gee, 2014) that framed her
emergent approach to teaching.
When describing her use of mathematical language, Carol stated her idea of using only
language that was familiar to children (stanza 1a, EP14) or that children had experience with
(stanza 1a, EP16, EP18; stanza 1cEP5) and explained that she tried “not to go above their level”
(stanza 1d, EP2). Although I did not ask Carol what she understood about those “levels,” the
statement seemed to contradict her views of scaffolding and moving students forward that she
explained during the initial interview.
Some of the lines in stanzas 1a and 1c revealed interesting insights for this research study,
particularly in relation to the use, or not, of the mathematics register. In stanza 1a, Carol stated,
“I don’t know if you noticed but I didn’t say less” (EP5-6) and later on, in stanza 1c she said, “I
didn’t say quarter” (EP2). Both statements seemed to reveal that when she viewed the video she
noticed other words she could have used but did not. Although Carol spoke about her conscious
language decisions (stanza 1c, EP7, EP8), it appeared that most of the times the decisions were
made “in situ” and supported by her perceptions of students’ language experiences.

Observation 2. Stanza 2 shows one of the daily routines in which the preschool class
participated during the morning gathering. Stanzas 2a and 2b follow chronologically and show
the educator’s responses when she was prompted about math language. In stanza 2a, Carol also
explained how her planning for that activity suddenly changed.
Stanza 2 (in math class)

Stanza 2a (educator’s video recall)

The children and the teacher gathered at the

R: What do you think about the math language

carpet. Maggie was the helper that morning and

you used during this clip?

was invited to do the counting of the clothes
pins with the children’s names that indicated

EP1: I think I didn’t say one-to-one
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who was present that day. The group counted

correspondence

aloud while she pointed at the clips:

EP2: but that was kind of my thought
EP3: when I planned that activity,
EP4: the one-to-one correspondence;

Ch1: One, two, three, four, five, six, seven,

EP5: because a few days earlier

eight, nine, ten, eleven, twelve, THIRTEEN!

EP6: they were interested in

EP2: THIRTEEN! So, How many are here today?

EP7: if there were more girls or more boys?

Ch3: Thirteen

EP8: When someone said “five and five and

(The educator showed her ten fingers to the

three is thirteen

group and asked Alice to help her)

EP9: I was excited about that because

EP4: Can I borrow your fingers, Alice?

EP10: I wasn’t prepared, that was not my

(Alice held three fingers beside the teacher’s ten

plan…

fingers)

EP11: So children were at a higher level that I

Mike5: five and five and three…

expected.

EP6: Five and five and three make thirt…

EP12: And I said, “yes, five and five and

EP7: how many are here today?

three is thirteen.”

Ch8: Thirteen
EP9: THIRTEEN

Stanza 2b

EP10: Five and five and three makes thirteen.

EP13: But I didn’t say “equal”
EP14: and that was a conscious decision…
EP15: I think it comes from what language
they understand.
EP17: “Equal” is probably a word
EP18: they do not have much experience with
EP19: and I am going with what they are
saying
EP21: because it is THEIR experience,
EP22: it’s what they understand;
EP23: so I guess I made a conscious effort of
not rushing it.
EP24: If I went to a workshop and somebody
explained
EP25: that children at this age are capable
EP26: to understand the words “equal, “ and
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“ plus,” and “minus,”
EP27: then I will use them.
EP28: But I never heard that,
EP29: I think it is too abstract for them and
EP30: I don’t want to disengage
EP31: those children that are at a lower level;
EP32: so keeping that language basic
EP33: and somewhere where they can
understand is what I do.

The daily routine of knowing the number of students who were present in class every day,
exposed children to counting, comparing, and one-to-one correspondence. Stanza 2 revealed that,
besides saying aloud the number words, Carol provided different representational tools, such as
the clothes pins and the fingers, as well as her own oral intonation and stress when she said,
THIRTEEN (words capitalized and underlined indicate higher stress) so to help her young
students understand how many. Stanza 2 shows how Carol easily code switched to the
mathematical register of number words and to the term “how many” as she prompted her
students.
When Carol and Alice combined their fingers to display how many children were in the
class, Mike used the conjunction “and” to read the three different sets (“five and five and three”).
It is difficult to know if Mike saw the sets as joined (thus adding to 13) or separated; however,
Carol highlighted the focus of the session by revoicing (Moschkovich, 2000) Mike’s answer and
by adding at the end of the sentence the term “make” (“Five and five and three make,” EP6)
followed by a short silence (…) and the initial syllabus of the response (“thirt…” ). It was
interesting to observe that although these preschool students were challenged and prompted to
think about the combination of the three sets, the educator chose not to use the mathematical term
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“plus” to talk about those combinations; rather she used a familiar term (“and”) and different
contextual clues to make the mathematical processes explicit to the students. In Carol’s figured
world (Gee, 2014) the language of mathematics was conceived as “too abstract” (stanza 2a,
EP29) for this age group, and she strongly believed that young children should learn the science
of mathematics from language that was familiar and “basic” (stanza 2a, EP3).
In stanza 2b, Carol explicitly indicated that her students’ age (EP25) was certainly an
impediment for using terms such as “equal,” “minus,” and “plus.” Carol also made reference to
students’ “levels” (stanza 2a, EP11; stanza 2b, EP31) as an obstacle for using the language of
mathematics. Of interest, also, were Carol’s ideas in regards to “somebody’s” (EP24) authority
about young children’s abilities to use and understand the language of mathematics.

Observation 3. The following stanzas (3, 4, and 5) are chronological and describe the
language that emerged while the educator and a small group of children interacted in an
invitation proposed during play-time. Stanzas 3a and 3b follow chronologically and show the
different facets of the educator’s responses as she saw the video; stanza 3a presents Carol’s view
about math language; in stanza 3b, Carol refers to the importance of teacher’s math talk.
Stanza 3

Stanza 3a

Liz and Logan were playing with beans, jars,

R: What do you think is relevant about the

spoons, and large scoops. The jars had different

language you used in this clip?

sizes and shapes. Each jar had an elastic band

EP1: I sat and watched what were they doing,

positioned at different heights of each jar. The

EP2: to see if they were making connections

teacher sat with them. Ron joined the group “just to and wondering…
watch.”

EP3: Logan is very quiet, so there was not a

EP1: Which one are you doing Logan?

lot of conversation…

(Logan picked a slim and tall jar)

EP4: but I was watching to see if he did realize

EP2: The tall one?

EP5: that by using the big scoop in the big dish
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(Logan started to use a big scoop to fill jar with

EP6: he could get more in quicker;

beans)

EP7: so all that language like “big,” “small,”

EP3: Oh, you are using the big scoop…

EP8: And then Ron came and sat with us;

EP4: Did you notice how fast he filled the jar?

EP9; when children come and sit

(talking to the other children)

EP10: and they want to watch, I let them.

EP5: What do you think Logan? (She picked

EP11: I like that because it is an opportunity

the jar, which was full above the elastic mark)

for that conversation…

EP6: Is it enough or is it too much? Is it too

EP12: and you heard him saying “medium,”

much?

EP13: so then I introduced that word…

(Logan observed the jar )

EP14: I am not sure if I would have brought it

EP7: Should you dump some out?

up,

(Logan dumped a few beans)

EP15: but since he did we dealt with that

EP8: What do you think now?

EP16: ahmm… because Logan is very quiet

EP9: Is it just right? Is it above the elastic?

EP17: I probably said it before he did things…

EP10: You might need to dump a little more so

EP19: I think that if I weren’t sitting there

it will stop right at the elastic…It is too much…

EP20: much of that would have happened

(Logan dumped a few beans)

anyways,

EP11: Let’s see now…Is it right?

EP21: but because I was there

(Logan nodded in affirmation).

EP22: I was able to interject that language in

Stanza 4

there.

Liz showed the teacher a jar that was filled

Stanza 3b

with beans up to the elastic.

R26: What do you think children were doing in

EP1: What do you think?

terms of math?

Lizz2: Good

EP1: Maybe they were making observations

EP3: Is it good like that?

EP2: but they were not talking about them,

(Liz nodded in affirmation)

EP3: So that might still be happening

EP4: I noticed that you are using the spoon to

EP4: but there is a lost opportunity

fill this one;

EP5: if there is no chance to talk about it,

EP5: the spoon is for tiny bottles…

EP6: because there is so much learning

EP6: What about the jar that Logan is using?

happening

EP7: Is it tiny or not?

EP7: in the talking about it…

Lizz8: It’s big…

EP8: And it depends a lot on the children

EP9: So what should he use for…(pointing at

EP9: So the talking will be very different

the big scoop)

EP10: and the outcome will be different
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Liz and Ron10: the BIG ONE!

EP11: for different children.

EP11: The big? Logan, try the big scoop.

EP12: that’s why it’s so important to know the

(Logan tried the big scoop; after a few seconds

children well,

the educator picked up the jar he was filling)

EP13: to know where they are

EP12: Is it close? (Logan shook his head)

EP14: so you can make those decisions like

EP13: Not yet?

EP15: “I know that I am not going to go there

EP14: What do you think, Liz?

with THIS child

(showing Logan’s jar)

EP16: who is more in that functional play

Liz15: Moooore

EP17: of dumping and pouring beans.

(after a few scoop Logan showed the jar to the
educator)
EP16: Is it done now? Let’s check…
EP17: Is it right up to the top?
EP18: Is it the same as the elastic?
(Logan nodded in affirmation).
Stanza 5
Ron1: This is medium…
EP1: this is medium? Let’s check it out!
(She put all the filled jars in a row)
EP2: Is it medium?
(pointing at the medium size jar)
Ron3: No
EP4: Which one is the tallest one?
(Ron pointed at the tallest jar)
EP5: Which one is the shortest one?
Ron6: this! (pointing at the shortest)
EP7: Do you think this one has less beans?
(pointing at the tallest and skinnier jar)
EP8: Let’s lift them up to feel
EP9: which one is heavier…
(Ron picked up the jars)
EP10: Is that one lighter? (the tallest jar)
Ron11: Yes…
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EP12: Which one is the heaviest?
Ron13: This one! (pointing at the shortest jar).

Stanzas 3, 4, and 5 show the many attempts the educator made to talk about math while
children interacted with different materials in an open-ended invitation. Supported by the
possibilities that the carefully selected resources proposed, Carol code switched to the
mathematical register when she invited students to compare sizes, amounts, and weight. Carol
also code switched back and forth between the language of instruction and the mathematics’
register when she revoiced student’s ideas (stanza 4, EP11) and voiced students’ actions (stanza
3, EP3; stanza 4, EP4; stanza 5, EP1). When Carol code switched, she used protoquantitave
terms (Resnick, 1989) such as “big” “small,” and “tiny” to talk about size; she also used words
like “enough,” “little,” “more,” and “some,” to compare amounts as well as descriptors such as
“heavier,” and “lighter” to talk about weight. Carol compared height by using terms such as
“tallest,” and shortest,” as well as quantities when she used the term ”less.” The use of
approximation words has been previously discussed by Resnick (2000) as a valid judgment of
quantity that “operates perceptually” (2000, p. 227); according to Resnick, children understand
the meaning of approximation words from early stages in life.
In stanza 3a, Carol articulated her belief that mathematics learning would have happened
“anyways,” while children explored the materials (EP20), as if the materials contained the
mathematics. In Carol’s figured world (Gee, 2014), she conceived mathematics as something that
exists everywhere and that is learned naturally and through free exploration (see initial
interview). Her comments in stanza 3a appeared to support this belief. This way of talking about
mathematics also appeared to be rooted in strong Conversations that are generally held by the
early childhood community (Arias de Sanchez & Gabriel, 2013). Hence, in further lines within
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stanza 3a (EP21-EP22), Carol explained that mathematical talking emerged mostly because she
was there with the children. Furthermore, in stanza 3b Carol stated, “There is a lost opportunity if
there is no chance to talk about it, because there is so much learning happening in the talking
about it…” (EP4-EP7). While in scenarios like the one shown in stanza 3, Carol did most of the
talking and sometimes even responded for her students (stanza3, EP6 and EP10), her statements
also demonstrate Carol’s recognition of the importance of teacher talk in mathematics
interactions.

Observation 4. Stanzas 6 and 7 show two different scenarios in which the preschool
students in this class were exposed to, and discussed, the idea of “more.” In stanza 6a the
educator explained her understandings about using this particular term.
Stanza 6 (in math class)

Stanza 6a (educator’s video recall)

Lucy and Sara went to the sensory table; the

R: Let’s look at these clips. Based on your

table had beans, a balance scale, and paper bags with experience, why is it important to highlight the
with a numeral written on each of them. The

idea of “more” when children are experiencing

scale had numbers from 1 to 10.Carol explained

quantity?

that the numeral indicated the weight and that they

EP1: Sometimes we say it

had to fill the amount of beans which corresponds

EP2: without even thinking…

to this weight. Lucy picked a paper bag with the

EP3: I guess we want them to understand

number eight; Sara started to fill the scale’s basket

EP4: the concept of the quantity and maybe

with the beans.

EP5: to be able to look at it
EP6: and not needing to count all the time…

EP1: Do you need more? Tell her Lucy…

EP7: I am not even sure...

Lucy2: mooore

EP8: I am not sure why we use that.

Sara3: Mooore (she added a few beans)

EP9: We use it a lot,

EP4: Moooore?

EP10: for example with the beans activity,

Lucy5: I am almost done (looking at the number 8

EP11: they were able to adapt it

on the scale)

EP12: to “just a feeeeew more,”

EP6: Does she need a lot or a few more?

EP13: so they were breaking up the “more”
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Lucy7: Just a few more (Sara added a few beans)

EP14: But I am not really sure.

Sara8: Done!

EP15: Children use the word “more”

EP9: What do you think Lucy?

EP16: so I think that we take a lot

Lucy10: Nope, a few more…not quite yet

EP17: from what they say

EP11: Not quite yet? (Lucy added two beans)

EP18: to think where we can go next.

EP12: Is it perfect?
Sara13: Not yet…
EP14: Let me see (looking at the numbers
on the scale)
EP15: Oh, look Sara
EP16: it needs to be right there on the line
(pointing at the line on the scale that indicated 8)
EP17: So you need a couple more
(Sara added two beans)
Lucy18: Done!
Stanza 7
Six boys, four girls and the teacher were seated
around the carpet. A few boys explained that
there were more boys than girls that day so the
educator asked Matt to count the pins that were
on the chart with the girl’s names.
Matt1: One, two three, four, five.
EP2: And if two more girls come?
(Showing two fingers)
EP3: Lucy is supposed to come and Rachel is
supposed to come
(pause, 0.3)
EP3: So, if two more come,
EP4: Is it going to be more girls or boys?
(Matt looked at the chart with the pins)
Matt5: If one more girl comes,
Matt6: there’s going to be more boys…
Matt7: I guess…
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The term “more” expresses a quantity relation where numerical precision is not required
(Resnick, 2000 p. 224). Resnick explained that the understanding of “more” helps individuals to
interpret perceptual changes; as Carol stated in stanza 6a, talking about “more,” encourages
children “to look without counting” (EP5 –EP6). Similar to other perceptual mathematical
understandings, the idea of “more” also develops from early stages in life. In stanzas 6 and 7
Carol talked and questioned children, about “more” and as she did so, she used the term with the
perception that students understood the signified meaning it carried (stanza 6a, EP15- EP17).
Carol explained that she used a term such as “more” because children also used it (stanza 6a,
EP16- EP17).
The analysis revealed that Carol’s use of language to talk about “more” appeared to be
different depending on the type of materials presented in each of the situations. In stanza 6,
because the activity included large amounts of beans, Carol used adjectives such as “a few” and
“a lot.” She also used language such as “not quite,” and adjectives such as the term “perfect”
with regard to the implied estimation. On stanza 7 instead, students were invited to think about
“more” by focusing on the sizes of groups that included discontinuous items (boys and girls).
This time instead Carol quantified the concept of “more” by describing it with a numeric value
“two more” (stanza 7, EP3, EP5); Carol also invited students to compare the quantities by using
language that implicitly indicated that comparison: “Is it going to be more girls or boys?” (stanza
7, EP4). This analysis could be extending Resnick’s (2000) ideas about the use of the term
“more” as being solely perceptual. The mathematical meaning of “more” was modified
differently by the use of adjectives such as “little” and “two” and could be indicating the
presence of what Scheleppegrell (2007) described as a grammatical pattern of mathematics
language. Scheleppegrell explained that teachers should be aware of such language patterns as
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they are proper to the science of math and construct particular mathematical meanings and
concepts (p. 143).
Interestingly, Carol talked about “we” when trying to explain the common practice of
talking with children about “more,” thus perhaps alluding to the entire early childhood
community or her colleagues in this particular center.

Observation 5. Stanza 8 displays an example of a count of the total number of children
present, and the educator’s use of the term “the same” to explain the equality between the groups
of boys and girls. Stanza 8a presents Carol’s views about her pedagogical decision to use that
particular term.
Stanza 8 (in math class)

Stanza 8a (educator’s video recall)

Mike had to count how many people were in

R: Could you explain the use of the term “the

class. Mary had previously counted the clothes

same,” in this video clip?

pins with the children’s names; Mary had

EP1: I guess…ahm…

counted 13 names.

EP2: I think we want them

EP1: Ok, we need to count thirteen heads.

EP3: to look at things critically and really

EP2: Let’s count…

observe them.

Ch3: one, twooo, three, four, fiiiive, six, seven,

R: Could you have use the term equal instead?

eight, nine ten, eleeeeven, tweeelve, thirteen,

EP1: I wouldn’t use “equal.” I wouldn’t,

…THIRTEEN!

EP2: I just would never use it because you have

EP4: Thirteen!! Is it the same?

to go with the language they understand

Ch5: YES!

EP3: Later on I am not sure …
EP4: it’s certainly something to think about
EP5: because maybe there could be a gap there
EP6: and we could be filling in more for them if
they are able to understand that ...
EP7: We also know that they are moving into
school
EP8: and if they can have a little experience
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before going,
EP9: we are not going to hurt them.

Stanza 8 is one example of what was a regular math routine for this preschool class; every
day children were invited to count the number of boys and girls and to compare the groups. I also
observed that everyday Carol asked the children to decide which group has more, which one has
less, or if the groups were “the same.”
What is interesting is that despite Carol exposing her students daily to the mathematical
meaning relationships (such as more, less, same), and asking them to count and compare sets
numerically, she still chose to use perceptual language to describe those numeric relationships.
When I asked Carol about using a term like “equal” to signify equal relationships, she argued that
the term “the same” was familiar for her students thus the mathematical meaning was easier to
understand (stanza 9b, EP2). This statement certainly aligns with Carol’s belief about children
learning math from meanings that they already knew. However, the statement seemed to
contradict her beliefs about scaffolding student’s learning. Carol seemed to agree with the idea of
challenging her young students to think about numeric relationships but not with the use of the
language that conveys that meaning; rather, she chose a protoquantitative term (Restnick, 2000).
(“the same”). It could be then argued that Carol’s language choices appear to be oriented at using
what she perceived as simpler terms.

Observation 6. Stanzas 9 and 10 display two different scenarios in which the educator
used the term “pattern.” Stanza 9a and stanza 10a followed chronologically and show the
educator’s response after watching the clips.
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Stanza 9 (in math class)

Stanza 9a (educator’s video recall)

The children and the teacher sat around the carpet.

R: Could you explain your way of talking about

The teacher told the group that she was going to do

patterns?

a people pattern and that they have to figure out

EP1: I guess in the K curriculum

what the pattern was. She invited a few children up

EP2: we did a lot around patterning

front and asked some of them to kneel down.

EP3: so I have a lot of experience with that
EP4: and when I am thinking about patterns for

EP1: What do you notice?

this age

Lucy2: Up-down-up-down-up-down…

EP5: I think, “How can I simplify it?”

(John was the last child in the pattern)

EP6: So these are some of the ways,

EP3: what would come next after John?

EP7: I don’t know if anybody else does people

Ch4: UP!

patterns

EP5: Brandon, would you like to join our

EP8: but they get to move,

pattern? (he knelt down besides John)

EP9: they get to be part of the pattern

EP6: oops…What does he need to do?

EP10: and part of a continuing pattern

Ch7: stand UP!

EP11: and I don’t know why,

(Brandon stood up)

EP12: whenever they make a pattern

EP8: Ok, Matt, you come now…

EP13: I make them repeat it

(Matt knelt down besides Brandon)…

EP14: and again I don’t know why

EP9: ok, now you Mary What does she need to

EP15: or is it helpful or not,

do?

EP16: but I do an intonation in my pattern

Ch10: Stand UP!

EP17: Red-GREEN-Red-GREEN (she tapped on

EP11: Hey! LOOK,

the table)

EP12: Stand-kneel-stand-kneel-stand-kneel-

Stanza 10a

stand-kneel-staand…

R: In the two cases, when the activity finished

EP13: That’s a pattern!

you said aloud “ It’s a pattern! Could you
explain why?

Stanza 10

EP1: Just to have that language around

Lucy picked two dark beans and two light beans

EP2: about that what really this is: a pattern.

From the sensory table and placed them in her

R3: Is “pattern” a math word?

hand.

EP4: Yep…. but I don’t know why…

Lucy1: Look, look

R5: Why is a term such as “pattern” being used,

Lucy2: brown-brown-white-white...

and a term like “equal” not?

EP3: is a…

EP6: I think some children come in
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Lucy4: patterrrrn

EP7: knowing the word.

EP5: It’s a PATTERN!

EP8: I guess the reason of putting patterning in
my program
EP9: is because I did it in kindergarten,
EP10: and I thought “well, if it is important in
Kindergarten it might be important here,”
EP11: but it is not in our framework or I cannot
find it…
EP12: so I am not sure if we should be doing it
EP13: but it is something that from my
experience…
EP14: and it is really exciting to see what they
are doing…

In both stanzas, the educator focused on the children’s actions (up-down-up-down) and
ideas (brown-brown-white-white) and explicitly defined them mathematically when she stated,
“That’s a pattern,” (stanza 9, EP13) and “It’s a pattern!” (stanza 10, EP5). Even though this time
Carol recognized the term as a math term (stanza 10a, EP4), she code switched to the register and
used the word “pattern” with the assumption that children understood the language and its
associated meaning (stanza 10a, EP6-EP7). Once more, Carol provided a rationale for her choice
of switching to the math register supported by her assumptions about children’s previous
experiences.
Carol connected the student’s actions with words in an effort to reveal the mathematical
meaning of the core unit of the patterns; by asking, “What would come after,” she highlighted the
focus of attention and the mathematical processes involved in a linear pattern. In both cases, the
activity ended with Carol’s summarizing those actions; the intonation and stress given (words
highlighted indicated stress) to the particular term “pattern” certainly emphasized the
mathematics for students and as Adler (1999) pointed out, the mathematics became visible (p. 9).
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In stanza 9a, Carol stated that her efforts were oriented toward simplifying the
mathematics for her students (EP5). I contend that in the task of making mathematics accessible
for her students, Carol faced the requirement of having to teach the math but also the language
that carries its meaning. For Carol then, starting from what students already knew, appeared as
fundamental. The question is how to scaffold that learning so teaching mathematics in early
education experiences is not just the pedagogical action of repeating what children already know
and understand. Students’ knowledge about patterns was certainly demonstrated in both stanzas;
however, and despite the fact that Carol recognized the importance of learning and talking about
patterns during the early years (stanza 10a, EP9), such knowledge was not further challenged.

Observation 7. These stanzas, 11 and 12, present two different scenarios in which
children were invited to explore numerals. The educator’s approach when describing numerals is
explained in stanza 11a.
Stanza 11 (in math class)

Stanza 11a (educator’s’ video recall)

John, Michael, and the educator were playing with

R: In these clips you use terms such as circle

cards. A number line with the numerals from 1 to

and round, so children can see the difference

10 was taped on the table so children could match it

between numerals. Could you explain the use of

with the cards they took from the pile.

these terms? How do these terms help children to

John picked up a card with the number 9.

focus on visual arrangements of numerals?

John1: six

EP1: Ahm, I am surprised I used that term

EP2: No…Is this a six?

EP2: because normally I would say, “belly.”

EP3: The circle is at the top (pointing at 9)

EP3: Because, for example,

EP4: the circle is at the top…

EP4: when we are doing letters

Michael5: It’s niiiine

EP5: I would say “sticks,”
EP6: or like with the letter “B”

Stanza 12
The educator placed a board and tiles as an

EP7: I would say “there is the stick and the two
bellies.”
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invitation. The board had rows and columns

EP8: Because coming from the kindergarten

with numbers from 1 to 100 organized in

experience,

groups of tens. Maria and Julie sat at the

EP9: when I came to younger children,

invitation table; the girls filled up the board

EP10: I tried to find something that they know

with the tiles by matching the numerals.

EP11: and then bring them up.

EP1: What do you notice on this row?
(pointing in the row of 9s, to the numbers 90,
91, and 92)
Maria2: eight, eight, eight (pointing at the first
digit of 90, 91, and 92)
EP3: Is it an eight? (pointing at the 9 in 91)
Julie4: no, is a SIX!
EP5: Look, this is a six (she picked up a tile
with the number 62)
EP6: this one (pointing at a 9)
EP7: has the circle at the top,
EP8: but this one
EP9: has the circle at the bottom…
EP10: so that’s the six’s row,
EP11: and this one is the NIINe’s row
EP12: so this one is NINE.

In stanzas 11 and 12 Carol used the math term “circle” as a descriptor to explain the
shape of numerals. Because the flow of the conversation continued and children did not question
the term, it could be suggested that children were familiar with it.
Interestingly in stanza 11a, Carol explained how she “normally” used language that the
children knew to help them visualize the representational forms of letters and numbers (for
example, the use of the term “belly”). Hence, the language used by the educator focused on ideas
and concepts students already knew and as a result that language became a point of reference
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(Turnbull & Arnett, 2002). In other words, in an effort to try to help students to remember ideas,
the educator seemed to rely on language that carried well-known meanings for the students. For
example, the educator perceived that young children knew that the term “circle” signified a
rounded form, which could help students to remember the shape of a specific numeral. What is
interesting is that although this term (“circle”) is associated with the science of mathematics, and
as such is considered as part of its register, it seemed to be used in this context as a contextual
cue to help students remember and extend particular ideas.

Observation 8. The following stanzas, 13, 14, and 15, belonged to the same invitation;
different groups of children participated on the activity. Stanza 13a displays the educator’s
response when she observed the video clip from stanza 13; stanza 14a presents her response after
watching the video clips from stanzas 14 and 15.
Stanza 13 (in math class)

Stanza 13a (educator’s video recall)

The educator placed plastic fraction pies on the

R: Could you explain the math language you used

table as an invitation. Susan, Carla, and Mary

in this clip?

were breaking the pies and pretending to share

EP1: I guess I used the term “divide…”

slices of pizza; the educator sat with them.

(pause, 0.6)
R2: Earlier in the clip you said “share” (EP2)

EP1: I have friends for supper tonight,

but then you said “divide”

EP2: and I am going to share this pizza

EP3: It’s the next step...it is a next step…

EP3: with my friends (holding a pie cut in 4)

R4: Were you aware of using that language?

EP4: one piece for Susan, one for Carla, one for

EP5: I think when I said “divide,”

Mary and…

EP6: I kind of did it on purpose…

(Susan reached for another pie from the table and

EP7: not with a lot of expectations

gave the educator 1/8 of a slice).

EP8: but just as an interjection of a new word;

EP5: Do you think this is going to make me full?

R10: Do you think that the use of those terms

(pause, 0.3)

is intentional?

EP6: Is not very much, isn’t it?

EP12: I think it is very intentional;
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(Susan reached to a third pie with 4 slices and

EP13: well, for me it is with this age group

pretended to cut it)

EP14: I have to do it intentionally

EP7: Oh look, Susan is dividing her pizza

EP15: and see where it goes…

EP8: and she is giving one to each friend…
EP9: So one for Mary, one for Carla, one for

Stanza 14a

me, and one for her.

R: In the next two clips (stanzas 14 and 15)
you made language choices. In the first clip

Stanza 14

you switched to the term “left over” and in the

Ryan and Mark came together to the invitation;

second clip you used the expression “an extra

they started to break the pies and pretended to

one.” Tell me more about that language.

share slices of pizza. Ryan was sharing the slices of
a ¼ pie).

EP1: I don’t think I was aware of the language
EP2: I knew that there was one left over

EP1: So one for Mark and one for me.

EP3: and I thought,

Mark2: I want a yellow piece…

EP4: “How am I going to articulate that?”

EP3: How many did you have left over Ryan

EP5: I guess…when I think about the language

EP4: after you passed them around?

EP6: I would use something that they can

EP5: Did you get one for you?

understand…

EP6: I got one…

EP7: they would understand “left over,”

EP7: Hold them up so we can see them

EP8: wouldn’t they?

(Mark and Ryan showed their slices)

EP9: I assume that they would understand

EP8: Oh…you got two Ryan …

“left over,” or “an extra one”

(Ryan had 2 slices from the same pie; he

(pause, 0.5)

dropped one slice on the container and

EP10: “We have an extra one…”

showed one slice to the group).

EP11: I try to keep the language simple
so they can understand…

Stanza 15

EP12: I…no…

Mark, and Ryan kept playing with the “pizza”

(pause, 0.5)

slices; Sean joined the group and the educator

EP13: “one left over” wouldn’t be something

came back to the table.

that I put in there
EP14: because of being a math term…

EP1: Ok, so we have four pieces…

EP15: I would have picked the expression

(Ryan left the table)

EP16: because I would have thought

EP2: oh…oh… do we have four friends now?

EP17: that they can understand that there was
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Mark2: noooo

something “leftover,”

EP3: We don’t need four.

EP18: but not as math term,

EP4: Maybe we can have an extra piece

EP19: so it wouldn’t deliver any math…

for lunch tomorrow.

EP20: and they seemed to understand…
EP21: I did say, “We can take it in our
lunch tomorrow”
EP22: just because that kind of cements the idea
EP23: “It’s a leftover, what can I do with it? I’ll
take in my lunch tomorrow,”
EP24: leftovers, you know?
EP25: Not as a math term…

Although this invitation displayed materials that are not commonly used in a preschool
class (plastic sets of fraction pies), the educator held the belief that the materials should still be
presented with an open-ended intention so the children could explore them.
In stanza 13, the focus of the discussion centered on students thinking about dividing “a pizza; ”
sharing was invoked and the idea of fair share (Van de Walle, 1994) was implied. The idea of
sharing is certainly rooted in division; research suggest that children have many experiences in
every day life with the notion of sharing, thus the use of the term “share” could also be perceived
as familiar. Undoubtedly, Carol seemed to rely on this perception of sharing and draw on
everyday language to metaphorically talk about the mathematics involved. The term “share” was
then “borrowed from everyday language” (Kotsopoulos, 2002, p. 302) to convey a specific
meaning in the math session. A previous study with English second language learners (Setati,
Adler, Reed, & Bapoo, 2002), explained how educators often drew on metaphors to support the
understanding of the math register (p. 144). Kotsopoulos (2002) also referred to high school
educators using metaphorical code switching to explain the meaning of the math register.
Likewise, stanza 14 shows how in her discussion with a small group of preschoolers, the
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educator relied on the metaphoric meaning (Pimm, 1978) of “sharing a pizza.” Pimm explained
that the use of metaphors in mathematics education help to explain math in “real-life events” (p.
97), thus sharing a pizza could implicitly convey the meaning of division, a term Carol switched
to as the session unfolded
When I asked Carol about switching between “sharing” and “divide” (stanza 13a), she
explained that “she did it on purpose” (EP6), thus revealing what seemed to be a pedagogical
decision. Also interesting was Carol’s statement about the use of the term divide as a “next step”
(stanza 14a, EP3). This line could be revealing a typical mathematics teaching Conversation
(Gee, 2014) that embraces math learning as a trajectory that develops in stages.
In mathematics, a remainder indicates what is left after a division when it does not result
in a whole number solution. Commonly, remainders are indicated as left over or extras,
expressions that Carol also used in her interactions with this group of children. In stanzas 14 and
15 Carol invited her students to look at the remainder in two different ways, as an extra (stanza
14, EP4) or as a left over (stanza 14, EP3). Of particular interest is Carol’s reflection about her
language usage in these stanzas. Upon reflection, she explained that she was talking about
leftovers and that mathematics was not involved in the activity (stanza 14a, EP19). And yet, in
stanza 15a, Carol’s reflections suggested that she had to think about how to articulate it for her
students (EP3 -EP4). Her reflection appeared to indicate that she saw the every day use and
meaning, hence she had no intention to portray the idea of the reminder (the math term /concept)
that left over might mean (stanza 14a, EP 12 to EP 25). Once more, as she had shown in previous
observations, those choices seemed to be supported by her perception about the language and the
math meanings her young students were capable of understanding (stanza 14a, EP6).
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Summary of Findings
Carol’s use of language was analyzed within the boundaries of her preschool classroom
context. Within that context, I have tried to describe Carol’s pedagogy as being mostly framed
between an emergent approach and a more direct model for teaching and learning. Carol seemed
to rely heavily on emergent views for creating math-learning spaces for her students that invited
them to explore materials and observe changes. Carol explained that her approach to learning
was “Very organic; children can do things or play with things only if they want. Now, when we
do circle time, that is more teacher directed because that is what I want to present.” In her
interactions with students that had an emphasis on mathematics, Carol heavily focused on her
children’s previous experiences, and talked about scaffolding and moving them forwards.
Carol’s views about language in mathematical instruction, as well as how she code
switched to a mathematics register has been described in detail in the analysis of the stanzas.
Below, I provide a summary of emerging ideas that answer the study’s research questions: (1)
how do educators view and understand language in mathematics instruction? and (2) what is the
evidence of code switching, if any, between the language of instruction and the mathematics ‘
register. Emerging findings will be further discussed in the discussion chapter following the case
studies.

Carol’s understandings and views of language in mathematics instruction. Carol
recognized the importance of teacher’s talk during math interactions and as she pointed out,
“There is a lost opportunity if there is no chance to talk about it.” Despite this recognition, Carol
also acknowledged, that “Some mathematical terms were too abstract,” and for that reason she
had to critically think how to “deliver” the math to her students. The analysis reveals how in the
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different stanzas, Carol simplified the semantics of the math register by using language that was
familiar to students (stanza 1a, EP14; stanza 1c, EP5; stanza 9a, EP2). The rationale behind this
pedagogical choice was mostly grounded in her view about her students’ ages, and her perception
of her students’ different abilities with mathematics.
Carol certainly recognized and validated her students’ perceptual mathematical knowledge
(stanzas 5, 6, 8, and 9), and she tended to use perceptual language to describe mathematics
relationships even when the tasks afforded opportunities to focus on more complex
mathematical relationships. What is important to point out, is that in some instances students’
perceptual knowledge was not further challenged and educator-child interactions focused mostly
on acknowledging what these preschool children already knew. Carol believes that through
exploration, mathematics learning would happen “anyways, ” and that the “math interest should
come from the children.” This could be the reason for her not using the mathematics’ register in
such situations.

Evidence of Carol’s code switching between the language of instruction and the
language of mathematics. The analysis of the stanzas reveal that in most cases Carol made
purposeful choices about her use of language when interacting with her students in math
scenarios. Her language choices seemed to be strongly supported by her beliefs about math
language, students’ ages, students’ developmental abilities, students’ previous experiences with
math and with the language of math, and the strong belief that exploration of materials leads to
mathematics learning “anyways.” These beliefs supported her decisions about switching or not,
to the mathematics register.
Carol code switched to the mathematics register when she talked about counting and
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numbers (“how many,” “let’s count,” “number”) and when she used number words (i.e., “one,”
“two” “three”); she also switched when she used terms such as “circle” “first,” “left,” and
“patterns.” In some circumstances the switching happened when she re-voiced (Moschkovich,
1999) the students’ ideas and actions, or when she made her own actions explicit to the class;
sometimes, the switch was highlighted by a higher intonation in the mathematical term.
As I previously explained in the analysis of the stanzas, Carol perceived that those
particular terms of the register conveyed meanings that were familiar to her students, thus
facilitating the flow of the conversation and the possibility of the register to enter the interaction.
I also showed that in an effort to reveal the mathematics involved for her students, she
relied on her views of students’ experiences and switched to perceptual language to talk
mathematically. For instance, Carol switched to approximation words (Resnick, 2000) such as
“lots, “little” “a little bit” to describe the quantity involved. Carol also switched to everyday
terms such as “sharing” to metaphorically (Kotsopoulos, 2002) describe mathematics meaning
for her students.
In summary, I have provided the reader with a description of the preschool classroom
context. This close examination has supported the analysis of the language used by the preschool
educator while she was teaching number sense to her students. In the next chapter, I will share
the kindergarten case study
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Chapter 5: The Kindergarten Class
The kindergarten was located in an older school building in a small village near a main
provincial highway in Atlantic Canada. The school had a beautiful location in an open and large
green field with a spectacular view of the valley. The school housed students from kindergarten
to grade nine; during the time of data collection there were approximately 240 students enrolled.
The large majority of the students were English Canadians who lived in the area. The
kindergarten classroom had three large windows that offered a view of the valley as well as
allowing natural light into the room. Data collection happened during the fall, ands as soon as I
walked into this classroom, I could see maple trees changing colours in the valley.
Emily was the kindergarten educator. Emily had 20 years of teaching experience in
kindergarten. She held a Bachelor degree with a major in Psychology, an early childhood
certification, and a Bachelor of Education. She worked for 14 years in the private early childhood
sector. By the time I started data collection, she had been in the same school for three years.

Mathematics in the Classroom
Mathematics was organized as a class routine during the mornings; for approximately one
hour children participated in math instructional time and in math working stations. I too observed
mathematics embedded within other routines and transitions during the day (e.g. counting
backwards to reduce the classroom’s noise level). The classroom had a math center where
children chose to move during playtime; overall, Emily chose math center activities that were
closely related to the content she was teaching during math instructional time. For example,
because of her focus on children exploring a variety of physical representations of numbers, the
math center had a memory game with numbers from 1-to-5 represented with dots and numerals.
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Emily led the math instructional time, which usually started with a question of the day
where children were asked to count and compare how many boys and girls were present in class.
Then, Emily introduced a particular mathematics content through a question, a game, or an
activity. She asked children to wear their “math hats,” and to remain seated while the lesson took
place. She modeled, drew, wrote, and orally posed questions to the group and individually, and
used different manipulatives to highlight the focus of the lesson.

The Pedagogy of Mathematics in Emily’s Classroom
When discussing mathematics teaching, Emily explained that to deal with children’s
learning processes, a teacher needed good understanding and knowledge of mathematics. In
general, Emily consistently made reference to the mathematics curriculum outcomes for
kindergarten to frame her teaching. She believed that mathematics for young children needed to
be meaningful, real, and hands-on to maintain their interest and engagement. She indicated:
Even as an adult learner I do not always understand the far reaching tentacles of
mathematics (laughing)… it’s sooo vague and we don’t really know what that
means…like 3D geometric shapes, or geometric solids, like we don’t get that…BUT…we
paired that with what it is meaningful to us and we are like “Here is a can, we are talking
about cylinders? Here is a can!” That is what I am talking about…so you know, you try to
anchor down those words…It is the best you can do right now, and then as their
experiences broaden and all those higher order thinking starts to fall in place for them,
they will be like “AHA, now I can make that connection! (Initial interview, October 7th,
2015).
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Emily strongly focused on helping her students build their mathematical abilities step-bystep. She had a clear plan for the class and for some individual needs; her in-depth understanding
of the kindergarten mathematics outcomes (she could number them precisely) and her many
years of experience, supported her understanding and beliefs about how to best guide her
students. Emily explained, “I am always looking at what do I need to be teaching in terms of
curriculum and how am I going to weave that in and also how am I going to engage my group”
(Initial interview, October 7th, 2015).
During the time of data collection, I often observed Emily using a direct teaching
approach, which she mentioned she uses throughout the school year. She emphasized strongly
that there were certain abilities and concepts she knew she had to teach:
I like to have some modeling, doing some teacher-directed things but then letting children
have the chance to explore and work with things too…At the beginning, when you are
introducing all these topics, there is a lot of direct teaching that has to come along with it,
even just little things like counting…teaching children that, you know? I had this
conversation with our numeracy coach last year, that it was okay to teach children to
move things as you count them, and we talked about modeling and explicitly teaching
children… and that it is okay to do that…there is still that direct teaching that needs to
happen. (Initial interview, October 7th, 2015)
Emily consistently asked her students to explain their thinking; however, when they
finished explaining, she often showed them how things should have been done.
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Emily’s use of Language in Mathematics Activities
To explain Emily’s use of language in mathematics activities, I will first describe her
view and understanding about language in mathematics. Later in this section, I provide the reader
with 11 observations that include stanzas from the video clips of number sense lessons and the
video recall sessions where she is discussing those video clips. As previously explained in the
methods section, I conducted discourse analysis to analyze Emily’s use of language as well as to
identify evidence of code switching. Hence, this section of the case study provides the reader
with an intensive analysis of language “in use” (Gee, 2014, p. 20).
I observed how Emily repeatedly used the language associated with the focus of her math
lessons during different classroom routines, even if the routine was not directly related to
mathematics. Emily referred to this way of talk as modeling: “There is a lot of modeling…I try to
weave in the math talk with lots of modeling” (Initial interview, October 7th, 2015). When I
asked Emily her opinion about the use of mathematical language with kindergarten students she
indicated:
I think teachers should absolutely use it…I think it is important…I think it is like
everything else…If I only use the word BIG to describe something, it doesn’t take into
account all the other ways I can use to describe something like humungous,
GIGANTIC…If you are then not using math language, how would children ever know
what it is? (Initial interview, October 7th, 2015).
When questioned about the language used in her math classes, Emily mentioned that
besides her modeling, she also wanted to understand children’s ways of thinking math by
continuously asking them “How do you know that?” Emily admitted that sometimes kindergarten
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children would respond vaguely to these types of questions hence her role was to say aloud what
her students were doing when working with math:
If a child says “I did this,” I would say “ Oh, you DID a ...” and I will throw out that math
word, that math talk; but I don’t expect it from them…maybe I should expect it a little…I don’t
know….I don’t know what is the right answer at this age.” (Initial interview, October 7th, 2015)

Analysis of language. Below I provide the reader with eleven observations that include
stanzas from the video clips and the video recall sessions that were selected from Emily’s class.
To facilitate the analysis, I have used numbers to indicate lines and pseudonyms to identify a
child; a group of children is identified as “Ch;” Emily is noted as “EK” (Educator-Kindergarten);
I am identified as “R.”

Observation 1. Stanza 1 displays an activity where Emily presented her students with the
possibility of counting and observing part-part whole relationships. Stanza 1a presents the
discussion with Emily about this math class.
Stanza 1 (in math class)

Stanza 1a (educator’s video recall)

The educator and the children sat on the carpet.

R: How does math unfold though this video?

The educator had a bowl with five real apples; as

EK1: I have found that poem…

soon as everybody was quiet, she started with the

EK2: it was meant…ahm…

poem displayed below. When the apples were

EK3: It was filling for my literacy time,

removed from the bowl, Emily hid them under

EK7: it was going to be leading to my literacy

her legs and covered them with the bowl.

time
EK8: and the math just unfolded from it..

EK1: Five little apples sitting in a bowl

EK9: I wasn’t expecting all that math talk to happen…No…

EK2: One wanted out and started to roll,

EK10: so I just kind of rolled with it..

EK3: It HIT the table and it hit my feet,

EK11: In terms of what to say, I just went with

EK4: Now...

the flow.
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EK5: how many apples are there to eat?

EK12: But I think they did a pretty good job

Ch6: Four!

EK13: of keeping in mind, like,

EK7: Four little apples sitting in a bowl

EK14: even they couldn’t see the apples they

EK8: One wanted out and started to roll,

were able to VISUALIZE that,

EK9: It HIT the table and it hit my feet,

EK15: which really kind of blew me away,

EK10: Now…

you know?

EK11: how many apples are there to eat

EK16: Because we work so much concretely

Ch12: Threeeeee!

EK17: or try to work concretely in kindergarten.

EK13: How do you know

R: What do you think about the math language you

EK14: that there are only three?

used during this clip?

Ch15: ‘cause you took two away

EK18: I found that I was repeating a lot what the

EK16: Oh…we took two away…

children have said

EK17: We started with five

EK19: I noticed myself just…just…

EK18: but LOOK (holding the two apples she

EK20: just using that same language that they had

took away),

given to me

EK19: we TOOK TWO OUT OF THE

EK21: to explain what have happened

BOOOOWL..

EK22: and I was given it back to them…

EK20: and nooow there is ooonly (pointing at the

R: Would you have done something different?

bowl) …

EK23: No, I don’t think so

Ch21: Threeeeee!

EK24: I was, I was trying to validate “yes! you have

EK22: Three little apples sitting in a bowl

it right,”

EK23: One wanted out and started to roll,

EK25: instead of saying

EK24: It HIT the table and it hit my feet,

EK26: this is the right or the wrong answer…

EK25: Now…
EK26: how many apples are there to eat?
Ch27: TWO!
Michael28: two! ‘Cause you took three away...
Michael29: Two plus one is three
Sam30: TWOO!
EK31: John? (pointing at John)
John32: you took three away
EK33: I took three away, how many are…
Ch34: TWOOO
Ch35: after one comes zero
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EK36: oh...we’ll see...So now
EK37: I have THREE out of the bowl and
EK38: TWOOO on the bowl.
EK39: Two little apples sitting in a bowl
EK40: One wanted out and started to roll,
EK41: It HIT the table and it hit my feet,
EK42: Now...
EK43: how many apples are there to eat?
Ch44 : one...
EK45: ooonly ooone…
EK46: there are four in my lap…how many are
in the bowl?
Ch47: FIVE…fou.…oooone
EK48: four aaaapples in my lap, one in the bowl!
Mary49: after one comes zero
EK50: I was going to say...
EK51: what do you think is going to happen
EK52: when this one falls down?
Ch53: Zeeero
EK54: One little apple sitting in a bowl
EK55: it wanted out and started to roll,
EK56: It HIT the table and it hit my feet,
EK57: Now...
EK58: how many apples are there to eat?
Ch59 : Zeeeero!
Sam60: zero apples in the bowl..
EK61: zero in the bowl.
EK62: and how many are on my feet? (showing
the 5 apples)
Ch63: FFFFIIIVe

Emily led the activity and children enthusiastically engaged and responded to her
questions while having the possibility “to see” how the group of apples changed. In stanza 2a
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Emily expressed that she was blown away (EK15) by some of her students’ responses when they
were not able to see the covered apples; furthermore, she also stated that she was not expecting
all that math talk to happen (EK9). These statements could be revealing some of the debates or
Conversations (Gee, 2014) that underlined Emily’s views about math instruction, particularly in
regards to students’ abilities. These lines also represent claims of some of the tensions that Emily
experienced as a Kindergarten educator, especially her understanding that mathematics needs to
be taught concretely at this level. This tension was also indicated in her statement, “We work so
much concretely or try to work concretely in kindergarten” (Stanza 1a, EK16-EK7), highlighting
that this belief is also embraced by the early childhood education community and/or the large
mathematics teaching community.
Besides the passive role given to children, the situated meaning of the open questions
“How do you know?” (EK13), and “What do you think is going to happen?” (EK38), revealed an
interest in exploring the students’ thinking.
Emily and her students appear to have a common understanding about the mathematics
domains that the poem presented: numbers (up to five), number words, and part-whole
relationships. Children also understood the meaning of questions such as “how many,” and used
mathematical expressions such as “taking away” (John32). I contend that because of this shared
understanding, Emily was able to “roll with it” (Stanza 1a-EK18) and as she stated, “In terms of
what to say, I just went with the flow” (Stanza 1a-EK11). Thus, Emily’s code switching to the
mathematical register when she used terms such as one, two, three, four, five, zero, and how
many, emerged effortlessly and smoothly. When Emily removed apples from the bowl and hid
them under her legs, she changed the stress and intonation and provided contextual clues (EK18;
EK19) so children could focus on the action of taking away.
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Emily revoiced (Moschkovich, 1999) children’s ideas (i.e. EK16) and used children’s
language multiple times. When I asked Emily about the rationale of revoicing the mathematical
terms used by the children (EK15, EK16, John32, EK33), she explained it as a way to validate
children’s knowledge. This seems especially evident for “zero” where everyday language would
suggest “no apples in the bowl” or “none.”

Observation 2. In this observation, I share an activity in which students were shown
different representations of five. I have organized the video recall session in three stanzas, 2a, 2b,
and 2c in which Emily discussed her perspectives about language used.
Stanza 2 (in math class)

Stanza 2a (educator’s video recall)

Children sat in a big circle on the carpet. The

R: So what do you think about the language

teacher sat on a stool. She held in her lap cards

you used?

with dots that represented different sets from 1

EK1:.. well, that outcome..

to 5 in various visual patterns. She told the

EK2: I think in our document that outcome is

children that they were going to play a game

worded

where she would quickly show them the card

EK3: “explore physical representations of

and they have to think how many were in the

numbers,”

card. She also told them to raise their hand if

EK4: and I kept, I kept emphasizing the word

they knew the response.

“SEE, What did you SEE?”

EK1: How many?
Ch2: five..
EK3: Sean, how many did you see?
Sean4: five
EK5: Mary, how many did you see?
Mary6: five
EK7: Ok, I am going to show it again
(pause 0.3)
EK8: Sam, how many did you see?
Sam9: Five

EK5: because I was trying [to get] them
EK6: to make the distinction between seeing
and counting,
EK7: and I think at some point
EK8: I made that comparison,
EK9: like “I can see that you were counting,”
EK10: so I noticed I used the word “see” a lot
Stanza 2b
EK1: I also used the word “groups” instead of
“sets.”
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EK10: Five…who else saw five like Sam?

EK1: I don’t use the word sets, I barely use it

Ch11: Meeeee!

R3: And why not?

EK12: Now Sam,

EK4: Because...

EK13: I know that sometimes you said you

EK5: I think that “groups” is a word

guess

EK6: that children already have an

EK14: but I saw you LOOKING at this one,

understanding of,

EK15: I am going to hold it back up (she

EK7: they understand that “this is a group of

showed the card to the group)

this,” and “this is a group of that…”

EK16: Sam, how did you know there was five

EK8: and it’s language they are already

there?

familiar with..

Sam17: Four on the outside and one on the
inside..

Stanza 2c

EK18: Ohhh… Sam says he saw four on the

R1: Is it easier for you to teach something if

outside and one on the middle (pointing at the

children already know the language..

dots)

EK2: Oh, absolutely! Absolutely!

EK19: Does anybody see five in a different

R3: Is it important that at some point a teacher

way?

starts saying “sets?”

Emily20: Yeah…

EK4: Yeah..ahm..Yeah you might say, “grab

EK21: Yes? How did you see it Emily?

me a set of…”

Emily22: (only the teacher could hear her, but

EK5: I think at some point

she is marking an X on the air)

EK6: children will have to be able to use and

EK23: Oh…Emily says you can see it

understand

EK24: like two straight lines, like an x

EK7: that sets and groups mean the same

(marking an X on the card)

thing…you know?

EK25: Yeah, two straight lines that make an

EK8: ..I think that’s important..

X..

EK9: that children need to learn that..

EK26: that’s another way of seeing five..

EK10: WHEN children need to learn that?

EK27: Ok, let’s try another one..mmm
EK28: I am looking for a tricky one...let’s
see…
EK29: are you ready? (she showed
(pause 0.3)
Ch30: fiiiive!

)
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EK31: Connor, I know you saw five
EK32: how did you see it? How did you know
it was five?
Connor33: I counted..
EK34: you counted….
EK35: did you have to count this one? (she
showed

)

EK36: this one has five too..did you count this
one ? (

)

EK37: ..did anybody have to count this one
(

) but not this one (

)?

Ellen38: I have to count both..
Daniel39: I didn’t..
Valerie40: I needed to count that one ( ).
EK41:.. Valerie, how come that you have to
count this one (

)

EK42:..but not this one (

)?

Valerie43: because that one ( ( ) is kind of
tricky..
EK44: Oh it’s kind of tricky…yeah
EK45: because I saw that when you saw this
one (

) you went like,

EK46: “oh is like a straight line, chuk, chuk
like this (pointing with her fingers)
EK47: But this one (( )
EK48: you said it was trickier
EK49: because the lines were different…yeah
EK50: So, different ways to show groups of
five dots,
EK52: but one way was a little bit easier to see
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EK53: the other one you have to think a little
bit more about..
EK54: Ok, you know what? I think we can try
one more..
Daniel55: Oh, it’s going to be a tricky one..
EK56: of course (laughing in conspiracy)
Jordan57: I am gonna count them!
EK58: are you ready? (she showed

)

Ch59: five, fiiiiiive
EK60: I want you Daniel to tell us how do you
see five
Daniel63: cause’ there is dots like this
(marking a square shape on the air) and one
there..
EK64: Oh..so Daniel is saying that he saw a
square (tracing the square on the card)
EK65: and when we see dots in a square,
EK66: how many that that’s makes us think
that it might be there?
(pause 0.5)
EK67: FOUR and one more on the side (she
pointed at the dots)
(pause 0.3)
Ch68: five...
EK69: If I think about four and one more
(pointing at her head), that makes five.

The situated meaning of the lines “I want them to understand these dots we are looking at,
so…groups is a familiar word, so I can use it and I don’t have to do a lot of teaching before I
teach about the dots” (Stanza 2c, EK13 to EK15), tells where Emily stands in her understanding
and view of language in mathematics instruction. Emily’s focus is on helping her young students

93
understand mathematical meanings (in this case, the meaning of the arrangements of five dots).
On the other hand, attention to words or vocabulary that she felt was not familiar implied for her
having to do “lots of teaching.” Zaskis (2001) explained that learning mathematics involves
learning the language of the discipline. However, in this particular case, Emily clarified that
teaching the language was not her first priority. Moreover, she argued that meaning should be
constructed from language that was familiar to children, thus she used terms like “groups”
instead of “sets” (Stanza 2b-EK1). This response certainly aligns with one of the dilemmas Emily
faced as a kindergarten teacher: the age of her young students. Emily’s views about learning the
language of mathematics seems to be framed within an age and time constraint; she knows that
learning the language of mathematics is important, however, she is not sure when this learning
should happen (Stanza 2c, EK12) therefore, “right now” (during kindergarten) her teaching
priority was to help her students understand the meaning of mathematics concepts.
Stanzas 2b and 2c are quite significant for the purpose of this study as they show the
language choices that the educator made prior to the activity. Emily explicitly indicated her
rationale for using a term that was familiar to children (groups) rather than a term that, according
to her, was not familiar (sets) (stanza 2b, EK1-EK8; stanza 2c, EK14). Although both terms are
used interchangeably in everyday contexts to refer to a collection of items that can be easily
described in terms of attributes (red, flat) size (big, large) or quantity (three, four), the definition
of a set in mathematical contexts could also imply a collection of distinctive objects, including
abstract ones. Emily stated that “sets and groups mean the same thing” (EK7), and that children
will need to be able to use and understand them (EK9); however, in her Kindergarten class,
talking about sets implied focusing on the language rather than on the meaning of how sets or
groups could be arranged and she did not want to do this. In other words, Emily’s language
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choice was intentional and her decision revealed her views about the importance of enabling
students’ understanding of mathematical meanings through language that was familiar to them.
Emily acknowledged that she did use the same terms many times to highlight the focus of
the activity (stanza 2a, EK10). The use of the terms “see” and “look” certainly guided the
children to focus on the arrangements of the five dots. Emily quoted the curriculum outcome
when explaining her use of language as well as her insistence on questions such as “how do you
see it?” and “what do you see?” Although students did not have much opportunity to experience
different arrangements of five, by highlighting and insisting on the terms “see” and “look,”
Emily revealed for the children the expectation of her lesson: to notice different ways of
representing five.
Emily consistently confirmed and repeated what children responded. This is evident in
stanza 2 in lines such as “Sam says he saw four on the outside and one in the middle” (EK17)
and later in the same stanza (EK34 and EK23-EK24). Repeatedly, Emily also voice students’
actions; for example, “I saw you counted” (Stanza2- EK1). Hence, to confirm, repeat, and voice
students’ actions, Emily code switched to the mathematical register and used terms such as
“counted,” “count,” “five,” “one,” and “more.”
In stanza 2, Daniel (Daniel63) said how he saw five by tracing a square shape in the air
and pointing at one more (“one there”). Emily quickly made Daniel’s response explicit to the
class, and used the term “square” to help children see the 4 corners of an imaginary square. She
also indicated how a square could be visually helpful when thinking about four. Interestingly, she
code switched to the mathematics register to support this understanding, and used a term that
referred to an abstract geometric concept. Although I did not ask Emily about this use of the
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math register, it appeared that she considered this term as a familiar one for children as she
continued with the flow of the lesson with no further explanations.

Observation 3. In observation 3, children were invited to create simple combinations of
four with their fingers. Children were also requested to use verbal number recognition to say
aloud those combinations of four in several ways. The analysis of this observation focused on
Emily’s approach and use of language when trying to help a student who was having difficulty.
Stanza 3 (in math class)

Stanza 3a (educator’s video recall)

Children sat on the carpet during group time. The

R: Could you explain your approach to help Nick

teacher posed the question of the day in the pocket

to solve the problem?

chart. She asked: “Do you like Friday?”

EK1: yeah…ahm…ah…(pause 0.3)

EK1: The question says “Do you like Friday?”

EK2: I asked him because

(pointing at each word) ..

EK3: in my previous observations

EK3: and remember, every time I touch a word

EK4: I thought

count for me..

Ek5: that making a group of four will be an easy

EK & Ch4: ooone, two, three, four (pointing at

task …

each word)

EK6: so that’s why I went over to him

EK5: How many words were in that sentence?

EK7: because he was someone I was not really

Ch6: FOOOOOur

sure …

EK7: Four..

EK8: and I was kind of watching him,

EK8: Show me four fingers

EK9: but I think he was just…he was losing track

(Children showed four fingers)

of his counting

EK9: Can you show me four in another way?..

EK10: and that’s why I went over him

EK10: John, how are you showing four?
EK11:Oh…tell us,

Stanza 3b

EK12: how are you showing four?

EK1: As for the language I was using…

(John showed three fingers on one hand and one

EK2: yes, I said “IT’S TOO MANY!”

finger on the other hand)

EK3: and then I demonstrated

EK14: Oh John is showing three on one side and

EK4: and I said “He TOOK THESE AWAY,”

one on the other side

in trying to…
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Ek15:..Mary, how are you showing four?

EK5: ’cause that’s another

(Mary showed two fingers on one hand and two

EK6: of those math terms that you have to teach

fingers on the other hand)

children what that means

EK16: ..Oh Mary is showing two and two

EK7: …So, I said the words “TOO MANY”

Ek17: Show me four in another way now..

EK8: but then I said “and he did this!”

EK18: how can you show me four?..mmm...

EK9: trying to pair a demonstration with the

EK19:..Nick, how are you showing four?

language

(Nick showed three fingers on one hand and three

EK10: in case they did not get what “too many”

fingers on the other hand; Emily stood up and

means…

kneelt down in front of him)

EK11: ’cause it’s so hard to EXPLAIN…

EK20: Ok…wait a second…

EK12: And then I said,

EK21: if I show four like this (she repeated what

EK13: “he took two away,”

Nick was doing, 2 fingers and a thumb on each

EK14: because I thought

hand)

EK15: “well that’s language they understand,”

EK22: …let’s count…

EK16: they can say “he TOOK that from me,”

Nick23: one, two, three, four, five, six..

EK17: so they understand

EK24: oh…we have too many…we have too

EK18: what that “took away” phrase means..

many

EK19: so they can see that I am subtracting too..

EK25:What CAN I DO TO MAKE IT FOUR?

R20: So… going back to the previous discussion

EK26: …what can I do to make it four? (Nick

is language they know…

tucked in one thumb from each hand)

EK21: Exactly,

EK27: Oh wait…hold on…I am looking at Nick’s

EK22: is language they understand…

fingers

EK23: they already understand “Oh, she took

EK28: ..Nick tucked his thumbs in (she repeated

two.”

the action)
EK29: he tucked them in…

Stanza 3c

EK30: How many are there now? help me to

R1: Would you have used the word subtract if

count,

talking to another child?

Sean31: one, two, three, four

EK2: No. I was just going to say that..

EK32: Ohhhhh, NOW I have four…

EK3: I would not have used the word subtract,

EK33: I had too many when I had my thumbs out,

EK4: not in kindergarten...

EK34: but Nick said, “Oh just take your thumbs

EK5: I think, again,

away.”

EK6: is one of those words
EK7: they need to understand the concept
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EK8: and then at some point pair that language
with it;
EK9: but I don’t know when that should happen..
R10: We know that that language is used later in
school. Do you think we should
expose children earlier to terms like subtract?
EK11:..I don’t know (pause, 0.5)
EK12: I have never used the word “subtract;”
EK13: I could say, “take away, ”or “took one,”
EK14: ..and ..that is not the focus of our
curriculum..
EK15: the focus is more on the understanding
EK16: ..Like one of our outcomes is “understand
that a number can be broken up in two parts,”
EK17: ..So we are doing that a lot
EK18: I can say
EK19: “I have a group of seven, but I can break
it up in groups of four and three,”
EK20: which is, you know,
EK21: paving the way for addition and
subtraction
EK22: But I will never use the word “subtract;”
EK23: I think, again it is one of those words
EK24: they need to understand the concept
EK25: and then at some point paire that language
with it
EK26: I would probably say, “add, ”
EK27: like “I am going to add one more here,”
EK28: because I feel
EK29: that “add” is a word
EK30: they would already have some conception
about…
EK31:they would have some understanding of
that word
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EK32:…but “subtract?”
EK33:…THAT’S A MATH WORD!
EK34: you never get home and say
EK35: “oh, we have too many plates at the dinner
table,
EK36: could you subtract one for me please?”
(laughing)
EK37:..no..you say “could you take one away
please?”

After asking children to show “four” with their fingers and to “tell” about those
combinations, Emily observed and checked their responses. She made John and Mary’s actions
explicit and used math terms such as “three and one,” and “two and two.” The analysis shows
how Emily code switched to the math register and talked about combination of numbers
effortlessly when she relied on terms or phrases such as counting, how many, one, two, three,
four, five, and six. However, when Emily explained Nicks’ response, there seemed to be a break
in the conversation (Moore, 2002) and a change in the focus of attention. Emily said aloud
Nick’s actions (stanza 3, EK28, and EK29) and made her own actions explicit (stanza 3, EK33)
to explain and orally stressed the mathematical idea that there were “too many” in Nick’s
representation of four. During the video recall session, Emily explained that because “too many”
“is one of those math terms that you need to teach children what they mean” (stanza 3b, EK6),
she had to “pair” the language she used (stanza 3b, EK9) with actions and her own modeling.
Certainly, stanza 3 revealed how Emily provided her students with different representational
tools, such as fingers, and her own oral intonation and stress, to help her young students visualize
how to make 4, as well as how having more than 4 was having “too many.” Emily’s response
showed again that her focus was on helping her young students understand mathematical
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meanings and she clearly stated that the use of language alone to do so was not enough because
meaning (in this case, the meaning of “too many”) “is hard to explain” (stanza 2b, EK11). It
could be argued then that Emily’s teaching was grounded on the understanding that mathematics’
meanings need to be seen and represented and that she believed that mathematical language,
although a representational tool itself, needed to be clarified and connected with actions. In this
particular case, the use of fingers permitted children (and Emily) to change the combinations
quickly (i.e., adding one more finger or tucking one in), and as result, small combinations of
numbers were easily counted and subitized.
During the activity (stanza 3), when Nick tucked his thumbs in, Emily signaled for her
student that the group of 6 fingers had changed by asking “how many are there now? (EK30);
later on she also stressed the term “now” to indicate that same change (EK32). Interestingly,
although she never used the terms “take away” with her students, she made reference to them
during the video recall session to explain her actions during the activity. Emily argued that
“taking away,” was the right terminology to use because of children’s familiarity and
understanding of it (stanza 2b, EK13 to EK16). Furthermore, Emily also explained that by
highlighting that the groups have changed because they were taking away Nick’s thumbs,
children could see that she was subtracting (stanza 2b, EK19). However, when I asked Emily
about the term subtract, she eloquently said, “Subtract? THAT’S A MATH WORD!” (Stanza
3c,EK32-33). The assertion and the stress Emily put on this statement certainly warrants
examination.
Emily seemed to clearly differentiate the science of mathematics and its register as
something that exists perhaps even very far away from her classroom boundaries. Moschkovich
(2002) discussed how the view of mathematics as an academic practice that somehow exists in
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opposition to school classroom practices impacts the pedagogy of mathematics. Definitely,
Emily’s mathematical teaching practices and the decisions she made about language appeared to
be grounded in this belief. In Emily’s figured world (Gee, 2014) mathematics and the
mathematics’ register were conceived as complex; hence, a math term like subtract has neither a
place nor meaning in her kindergarten classroom. Moreover, she clearly believed that teaching
how sets changed from their initial amount should be understood prior to teaching the term that
scientifically represented that type of change (stanza 3b, EK23-25)
Emily strongly believed that the science of mathematics should be taught from language
that was familiar to children. For example, although Emily eloquently argued about not using the
term “subtract,” she did admit using the term “add” (stanza 3c, EK60), as she saw it as being part
of children’s everyday experiences and home contexts.

Observation 4. Stanzas 4, 5, and 6 show three different activities that display how Emily
conducted activities that were framed under the kindergarten curriculum outcome. For the
purpose of the analysis, I focused on activities in which Emily highlighted the idea of “the
same.” In stanza 4a Emily explained her understanding about using this particular term.
Stanza 4 (in math class)

Stanza 4a (educator’s video recall)

The children sat on the carpet. The educator

R: Could you explain the use of the term “the

explained how to play a game with a partner where

same” in the following clips?

one partner had to roll die and the other partner

EK1: mmm… yeah,

needed to match “the same” with counters. She

EK2: because going back,

asked Anna (who sat beside her) if she could help

EK3: one of our outcomes is to identify

her to show her friends how to play the game; Anna

EK4: which groups have more, which groups

had the counters and the educator had the die.

have less, and which groups are the same..

EK1: Five..I have five this time..

EK5:So I think it is

EK2: Can you make your counters look like the

EK6: one of those words
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dots on the die?

EK7: that I’m always trying

EK3:..make them look the same

EK8: to have the visual to pair with so…so…

(Anna placed the counters on the carpet; she made

EK9: because it is really hard to explain

the physical arrangement shown by the die

)

EK4: how many?
Ana5: five
EK6: fiiiive..Are they the same on my number
cube?
Ch7: Yeahh.

EK10: what “the same” meeeeans …
R11: Is it “the same,” or is it “equal?”
EK12: YES! Yeah...but...
EK13: that is why I am always trying
EK14: to pair it
EK15: so they can have the visual
EK16: of what “the same” looks like

Stanza 5
The educator and the children were working in
small groups. Children had to create paper masks
with different paper items depending on how many
the children got when rolling a die. Emily had cut
the items such as noses, eyes, and teeth prior to the
activity. Joanna had 4 noses on her mask; she rolled
the die and got 4 for the teeth.

EK17: but I will use the word “the same”
EK18: rather than “equal,”
EK19: because “same” is in our document and
EK20: I think
EK21: “same” is…is a word
EK22: that they get, they understand…
R23: The meanings seems different in the clips; in
the first one you were talking about things that
look the same…

EK1: They are the same!
EK2: you have four noses and four teeth
EK3: ..they are…that’s the same.

EK24: Yes, it’s about “looking the same,”
EK25: and in the other clips
EK26: there are groups that are “the same…”
R27: Are those groups mathematically equal?

Stanza 6
The teacher and the children were working in small
groups. Children were creating masks and gluing
different number of paper noses, eyes, and teeth
depending on how many they got when they rolled
the die.

EK28: “Same” is a word
EK29: I use in math
EK30: but also use in language arts,
EK31: like, “Are these words the same?” Are
these letters the same?”
EK32: So...yeah...but then
EK33: when we are making groups

EK1: how many teeth do you have? (pointing at
the mask that Sean had created)
Sean2: two

EK34: to “look like,” or to
EK35: “match” what’s on the number cube,
EK36: then you have twoooo groupssss
EK37: that are numerically equivalent
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EK3: Danny has two teeth

EK38: ...but yeah,

EK4: and you have two teeth

EK39: I will use “the same” rather than

EK5: NOW you have something that is THE

“equal..”…

SAME!

EK41: ..Because I think in the clip

Joanna6: I have ONE tooth

EK42: I said “making them to LOOK the same,”

EK7: just like Emma,

EK43: but then...yeah..

EK8: you have one tooth and she has one tooth

EK44: what I probably should have said was

EK9:..that’s the same!

EK45: “make the same NUMBER in your group”

Once more, Emily mediated mathematical meanings through her choices of language as
well as through the use of concrete materials. She voiced students’ actions and representations
and stressed particular terms to highlight the focus of attention towards mathematics; while doing
so, she code switched to the mathematics register and used terms such as how many, one, two,
and four. Additionally, these stanzas show how Emily used the term “the same,” when she
guided her students to compare two small sets.
When sets are compared and they have the same amount of elements, they are understood
in mathematics as being equivalent. Additionally, sets are described as equal when they have the
same amount of items but also the same order; for example, in stanza 4 Emily expected that the
sets were organized equally, accordingly to amount and order or physical distribution (“Can you
make your counters look like the dots on the die?”). In Stanza 5, the sets had different items
(paper noses and paper teeth) but the same amount, thus they were equivalent. Stanza 6 displays
the language used to describe sets that had the equal amounts (two and two and one and one) and
the same objects (teeth). In all three scenarios Emily used the term “the same” to imply
mathematical relationships between groups; in other words, Emily said “the same” to indicate
both how groups were equal and equivalent. But Emily also used the term “the same,” to focus
on how groups looked, even though looking “the same” does not necessarily mean that groups
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were equal or equivalent. For example, both sets could have different amounts, different objects,
but they could be categorized as being the same due to having all red items.
Interestingly, it was not until the video recall session that Emily revealed that she knew
about the meaning of equivalent groups when she stated, “You have twoooo groupssss
that are numerically equivalent”(Stanza 4a-EK36), as well as when she made reference to her
teacher education (stanza 4a, EK55 to EK60). Emily’s understanding of equivalent groups was
also evident when she gave the term “number” a quantifiable meaning by stating, “What I
probably should have said was make the same NUMBER in your group” (Stanza 4a-EK44 and
EK45). Moreover, Emily also mentioned this distinction by explaining her use of language in the
different clips, “Yes, is about looking the same and in the other clips there are groups that are the
same” (EK24, EK25, and EK26). The use of the verb “are” in the line “groups that are the same,”
seemed to highlight a state of being that is somehow quantifiable. Scheleppegrell (2007) cited
Veel’s (1999) work to explain the use of verbs such as “is” and “are” to construct relational
processes in mathematics. In the analysis of the lines I previously described, it appeared that
Emily’s use of the verb “are” indicated the relationship that exists within all groups that are
equal, for example all groups of five.
Besides this professional understanding, Emily strongly explained her rationale for not
using terms such as equal with kindergarten students. Emily explained that although the term
“the same” was something children already knew (Stanza4a-EK21 and EK22), it was very
difficult to teach its meaning (stanza 4a-EK9). Therefore, she used different forms of
representations so children were able to “see” the same. Emily clearly stated that her activities
and the choices she made about language were grounded in the curriculum document she was
expected to use; moreover, she even quoted the curriculum outcome to frame her work (Stanza
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4a-EK4). Interestingly, after I revisited the kindergarten document, I discovered that the
curriculum did not use the term “the same, ” rather the term “equal.”
According to Oksuz (2007), learning equality as a relationship is a crucial aspect of
learning mathematics and an essential tool for later understanding of algebraic thinking (p.19).
Seeing the same and talking about the features and the arrangements (for example, the pattern
sets in a die) that make groups look the same, appears as an initial phase towards understanding
equal and equality relationships. However, even though the students in these stanzas showed an
understanding of the quantifiable relationships between the two sets when Emily questioned
them (Anna, stanza 4; Joanna, stanza 6), Emily made her choices of language based on what she
believed about what kindergarten children know and are capable of understanding (Stanza4aEK21 and EK22).

Observation 5. While children were working at stations, Emily sat with Carlos and Lucy.
Children were expected to play a game that Emily had modeled for them during meeting time.
Emily’s focus of the activity was for students to “see” small sets, in order to develop their ability
to subitize. Stanzas 7a and 7b provide important insights with respect to Emily’s views and
understanding of language in mathematics instruction.
Stanza 7 (in math class)

Stanza 7a (educator’s video recall)

Lucy rolled the die and got 4. Carlos, placed 4

R: Could you explain the use of terms like points,

counters and matched the visual representation of

corners and lines?

the dots

)

Carlos1: Four!
EK1: that’s right
EK2: when we see it like that, one on each corner
EK3: we don’t need to count them;
EK4: we know “oh that’s FOUR!”

EK1: Oh!.. and he was trying so hard
EK2: ..he was trying to explain..
EK3: And I remember..
EK4: because I wasn’t expecting him to do it
EK5: and I was
EK6: “oh.. we are so getting into geometry”
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(Carlos rolled the die and got 4)

EK7: and…he was trying to explain to me

EK5: oops, we just talked about that number!

EK8: about the points,

EK6:..how did you see it?

EK9: and I was “Oh, those are corners,”

(Carlos pointed at each dot and counted)

EK10: thinking that I had to give him the word for

EK7: tell me, how did you see it?

that,

Carlos8:..there is one on each side

EK11: so I was trying to help him on that

EK9: Oh there is a dot on each side, on each

EK12: and he was “and this, and this and this”

corner?

EK13: and you know how sometimes

(Lucy put four counters in a row)

EK14: children over analyze what they are trying

EK10: how many?

to tell you?

Lucy10: fooour!

EK15: and then he was getting all..

EK11: is it the same?

EK16: I think I was trying

Lucy12: yup!

EK17: to guide him to the path of

(Carlos started to remove the counters from Lucy’s

EK18: “oh, do you think about this as a square?”

side but the teacher stopped him)

EK19: without giving him that,

EK13: ohh wait.. (the educator organized the 4

EK20: because I didn’t want

counters in a row again)

Ek21: to give him the answer I thought he was

EK14: Lucy showed another way to show the

having..

number four

EK22: because maybe it was not a square

EK15:…in the number cube

EK23: what he was seeing

EK16: we saw the number four like this

EK24: and he was seeing all these lines and

EK17: with a dot in each corner;

points..

EK18: look... Lucy has another way to show
number four..

Stanza 7b

EK19: How did you show four, Lucy?

EK26: I picked on that idea he was explaining

Lucy20: like this...

EK27: and did a lesson for the whole class

EK21: yeah…

EK28: the next day because

EK22: Lucy showed them all in a line

EK29: I felt I was trying to model something

EK3: and that’s another way to show number four

EK30: but that he was trying

EK24: …If you were looking, what,

EK31: to tell me something but didn’t have the

EK25: which way do you think it will be easier

language

EK26: to know it is number four,

EK32: I couldn’t visualize what he was trying to

EK27: if they were in a line or in the corners?

tell me..

Carlos28: in the corners...

EK33: So I decided to follow up on that
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EK29: why?

and do a language activity..

Carlos30: (difficult to hear what he said but he

EK34: because I think

took a long time to explain his idea)

EK35: it was more language than the math part

EK31: Oh, ok, the corners

EK36: and as I started doing more about that

EK32: the corners will make you think of points,

outcome and finding

like dots.

EK37: ..and trying to understand
EK38: how do I know if this child is counting or
seeing it?
EK39: How do I know that

Stanza 7 revealed that Emily code switched smoothly to terms such as how many, four,
one, and number as the conversation unfolded between her and two students, Carlos and Lucy.
But when Emily asked Carlos and Lucy to explain (“tell me,” EK7) other ways of seeing four,
the conversation and the use of language suddenly changed. In an effort to make the students’
thinking visible, stanza 7 shows how Emily made Lucy’s (EK20) and Carlos’ (EK9)
understandings more explicit (EK9). Interestingly, when Emily particularly asked Carlos to
explain how he saw four dots she voiced his idea about “sides,” but used the term “corners”
instead. Although I did not ask Emily about that choice, she seemed to consider the term
“corner” as a term that could explain how Carlos was seeing the dots spatially distributed in a
square shape, a term she indicated she did not want to use as she was not sure what Carlos was
seeing or thinking (stanza 7a, EK21-EK24).
Overall, it appeared that terms like lines, points, and corners were used by Emily with the
intention of explaining her students’ understandings, particularly when Carlos and Lucy appeared
not to have sufficient vocabulary to explain their thinking (stanza 7a, EK 2; stanza7b, EK 35). I
wonder then, if this instance could uncover a crucial pedagogical moment when an educator
needs to make language choices to explain mathematical meanings to young students. In stanzas
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7a and 7b, Emily alluded on different occasions to her students’ limitations, particularly in terms
of vocabulary to explain their thinking. “How do I know if they are counting or seeing?” she
asked (EK38). Emily explained then, that to clarify meaning, the follow up activity became more
focused on the language than on the math (stanza 7b, EK35). I believe that this statement is quite
revealing as it highlights the fundamental importance of this educator’s awareness of language in
mathematics education.
In stanza 7a, Emily stated:
I was “oh... We are so getting into geometry” and…he was trying to explain to me about
the points, and I was “Oh, those are corners,” thinking that I have to give him the word
for that, so I was trying to help him on that. (Video-recall interview, October 28th, 2015)
The lines clearly revealed the decision-making process an educator might go through as
math lessons and activities unfold. The complexity of the scenario involved Emily’s
observations, responses, questions, and professional understanding of teaching and learning. Her
beliefs about mathematics and about how kindergarten children learn impacted the ways she
talked to Carlos. Furthermore, Emily had to “think” about terms and the semantics as well as
about what Carlos knew based on the language and the actions he used. Undoubtedly, stanza 7a
displayed the complex crisscrossing of discourses (Adler, 1999) that unfold in a mathematical
activity.
Observation 6. The following stanzas (stanzas 8 and 9) display two different scenarios
where Emily discussed patterns with two different small groups of students. Stanza 8a presents
the discussion with Emily during the video recall session, after she watched the two clips.
Stanza 8 (in math class)

Stanza 8a (educators’ video recall)

During working stations, the educator and the

R: Could you explain your way of explaining to

children were working in small groups. Children

children what a pattern is?
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had to roll a die and create paper masks with

EK1: I haven’t taught patterns yet;

different number of paper noses, mouths and teeth.

EK2: so I was doing a little probing

Carly glued the noses (which had a triangular

EK3: …what do you know?

shape) in the following order:

EK4: Because they have thrown out that word
EK5: “Oh, I made a pattern!”

EK1: Oh…you did a pattern...

EK6: So I was probing

EK2: what’s your pattern?

EK7: how much understanding they have

Carly3: down-up-down…

EK8: and what do they know about patterns…

EK4: down-up-down...that’s right,

EK9: and that will be the language I use

EK5: that’s the start of a pattern..

EK10: when I start teaching about patterns:

EK6: Now, patterns repeat the same over and over

EK11: “Patterns are things that repeat over and

again..

over again always in the same way.”

EK7: SO, down-up-down, what will be next?

R12: Would it be fair to explain to the children

Carly8: up

that a pattern has a core unit?

EK9:..and then…

EK13: I don’t use that term with them..

Carly10: down

EK14: I say, “This is the part that makes the

EK11: and then?

pattern..

Carly12: up.

EK15: this is the part that repeats over and over,
EK16: same reason I explained before…

Stanza 9

R17: So what about the use of the term pattern?

After creating paper masks with different numbers

EK18: But patterns, I do use that word

of noses, mouths, and teeth, the children had to

EK19: because you paired that

write how many of each they have glued onto their

EK20: with the visual or auditory

mask. The educator and Sam read together Sam’s

EK21: and they are already picking up on the idea

writing:

of what comes next
EK23: the children understand that,

EK & Sam1: I.. uuused..

EK24: they are already talking about patterns..

Sam2: OONe teeth

EK25: Because at home we use pattern

EK & Sam3: I.. uuused..

EK26: to explain the design of something, like a

Sam4: twooo noses

stripe pattern

EK5: I used…

EK27:..but we don’t use terms like “oh, this is core

Sam6: oone eye…

that repeats over and over.”

(Sam tells Mike, who’s sitting besides him, “Hey,
“It’s like a pattern!”)
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EK7:...and I heard you saying “It’s like a pattern”
Sam8: one-two-one…
Ek9: ohhh yes…
EK10: a pattern is something
EK11: that does the same thing over and over again
EK12: and in the same way..
EK13: so, if we kept this pattern going one-twoone..
EK14: What will come next?
Sam15: two
EK16: and then?
Sam17: one
Ek18: and then?
Sam19: two.

In both scenarios (stanza 8 and stanza 9) the mathematical idea of patterns emerged as
children created and repeated orally what they were able to see (triangles representing paper
noses) and to hear (number words). In stanza 8, the educator started the conversation and asked
Carly about her creation and as the stanza reveals, Emily effortlessly code switched to the
register and used the term “pattern.” In stanza 9, the conversation started after Sam used the
register and relied on the term “pattern” to describe the arrangement of numerals. These pieces of
language are showing how Emily and this group of students seemed to have a shared
understanding about the mathematical term “pattern” thus allowing for the flow of the
conversation to seamlessly continue.
Repeating patterns, like the ones Carly and Sam created, rely on the possibility to
physically repeat and extend the same core unit. The core of a repeating pattern is the string of
elements that repeats, an element that Carly and Sam were able to quickly distinguish. Emily
seemed to be aware of children’s understanding of patterns (EK24) thus she explicitly changed
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the focus of the conversation and provided a definition for her students (EK6 and EK10-EK11).
To explain what a pattern is, Emily described what a repeating pattern does: “repeats over and
over again” (EK6 and EK11). In that sense, she described the relationship that exists within the
items of any given pattern and strategically used language that was familiar to children to explain
a core unit. In stanza 8a Emily was very clear when she explained her language choice (EK27).
Once more, Emily’s decision was intentional; her decision about language, particularly her
decision to not switch to the terms “core unit” had a purpose and as the analysis indicated, that
purpose was grounded in her values and beliefs about the importance of children understanding
mathematical meanings more than knowing the mathematical register. Moreover, Emily did
argue that the register could be used only if it was part of children’s life experience (EK25).

Observation 7. Stanzas 10 and 11 show two of the many examples in which Emily used
the mathematical register to “wrap up” the focus of the lesson. Stanza 10 is a section of a
previous session (see stanza 2). In stanza 10a Emily provided a rationale for her use of language.
Stanza 10 (in math class)

Stanza 10a (educator’s video recall)

The children have answered the question of the day.

R: In many of your activities, I have seen you

They answered for yes or no by placing their names

using math language to “wrap up “ what has been

in a row on a pocket chart. After counting how many

done. Could you explain why do you think you do

for yes and how many for no, the educator wrote the

that?

numerals on the white board.
EK1: I still have to put my answer ..

EK1: I mean…I’ll try to..(laughing)

EK2: I am answering…YES..

EK2: When I am planning lessons

EK3: So Fiona, why do I have to erase the number

EK3: I want to be very specific about

and put a new number on?

EK4: what it is that they are learning

Fiona4: ‘cause you put your name in it

EK5: and why they are learning it.

EK5: I put my name in it...

EK6: I know that sometimes

EK6: I CHANGED the group, didn’t I?

EK7: I am not very good

111
EK8: at explaining why it is so important to
Stanza 11

count,

After finishing gluing paper mouths, teeth, and noses

EK9: but I always try to set that stage for children

to their paper masks and while the children were

EK10: so they are aware of “this is what we are

writing how many of each they had glued, the

learning right now,”

educator said:

EK11: so part of that talking is setting the stage
for this,

EK1: You did some great counting today,

EK12: I want to give them that language

EK2: you not only had to count but

or that word

EK3: you have to write numbers to show

EK13: or to explain the principle that just

EK4: how many for eyes, and teeth, and noses.

happened.

EK5: Good job.

Stanzas 10 and 11 show how Emily code switched to the mathematical register
effortlessly and used terms such as number/s, five, count, counting and how many. While Emily
used the register, the conversations in which Emily engaged unfolded naturally as she appeared
to be aware that her students understood these terms, thus the conversation continued as ideas
were communicated.
Also shown in stanza 3, stanza 10 describes how Emily’s language highlighted what
everybody did see: that the group had changed. This time, Emily also stated the mathematical
importance of changes in a set by stressing the intonation of the verb “CHANGED.” Although
not a particular term within the math register, the idea of change is intrinsically linked to the four
mathematical operations. Although Emily did not talk about mathematics operations, the stress
put on the term “changed,” made the math meaning explicit and the action of change significant
for the students.
In stanzas 10 and 11, Emily code switched to the mathematical register to voice students’
actions. This is particularly evident in stanza 10, when Emily used the verb “count,” to interpret

112
and describe Rachel’s statement (EK5) as well as in stanza 11 when she explained what the
students have done.
I reasoned that these pieces of language (Stanza 10 and 11) showed how code switching
became evident when Emily had to summarize or wrap up the focus of the mathematical activity.
It could be suggested that the pedagogical need to clarify, summarize, and confirm students’
responses supported the educator’s use of mathematical language. According to Adler (1999),
these types of decision make the mathematics’ meaning and its register visible in the class.
Surely, the stanzas presented in this observation show how Emily closely linked the students’ and
her own actions with words in an effort to reveal mathematical ideas (and indirectly their
meaning) for her students.

Observation 8. After meeting time, Emily invited the children to work in math stations.
Children worked in pairs; one child had to roll a die and the second child had to match the
number of dots with counters. Stanza 12 displays one of the questions Emily asked her students
about the sizes of sets; stanza 12a shows Emily’s explanation about her language switch.
Stanza 12 (in math class)

Stanza 12a (educator’s video recall)

After working in math stations with a partner, the

R: As you know, I will be investigating how

educator regrouped the children

teachers switch between the language of instruction

on the carpet to discuss the work done at the math

and the language of mathematics. Is there any

stations.

evidence of that switching in this clip?

EK1: When you were making

EK1: Uhm…(she laughed)

EK2: the patterns-the groups with your counters

EK2: …Oh, I remember that

EK3: ..ahm…were some groups easier to make

EK3: ...I didn’t want them to get confused later

than others?

EK4: when I bring the term patterns to meeeean

Ch4: Yeahhhh.

those elements
EK5: that repeats over and over again in the same
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way;
EK6: I didn’t want them to confuse those two
terms..
EK7: So I switched,
EK8: knowing that patterns was going to be a term
EK9: that I will use later on
EK10: to mean a certain thing
EK11: ...I didn’t want to say pattern for that
activity
EK12: so then they could be “oh, she means the
groups of dots!”
EK13:Well... “No, I don’t mean that,
EK14: we are talking about something different
now.”
R15: So, do you see a group of dots as a pattern as
well?
EK16: Yes, because there is certain arrangement..
R17: Were you aware when that switch happened..
EK18: Oh, YES! I CAUGHT myself,
EK19: I knew...
EK20: like, I could catch myself too
EK21: using the term “sets”
EK22: and I will switch
EK23: and I would say instead of “let’s make a set
of five,
EK24: let’s make a group of five.”
EK25: Yes, I do all those switches, and I know.

Once more, Emily’s figured worlds provided a rationale for her language choices. On two
occasions, she stated the possibility that children could get confused (Stanza12a-EK3 and EK6).
This particular view seemed to be supported by her understanding of mathematics as a complex
system and by her belief about how kindergarten children’s ages influence their vocabulary.
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Hence, she had to make choices about how to use the math register in her class. In this case
(Stanza 12), the focus of the lesson was on children identifying patterned sets so they could
practice the ability to subitize. However, because the term “pattern” was also used in her class to
refer to a regularity that repeats in a predictive manner, Emily chose to use the term “groups” to
talk about pattern sets. By code switching from the term “patterns” to the term “groups” (stanza
12,EK2), she focused on what she believed children knew and used a term that she considered
part of children’s everyday language. This idea aligns with previous findings where teachers
switched between first and targeted language to draw students’ attention to what they already
knew (Turnbull & Arnett, 2002); it could be argued in the case of stanza 12 that the educator
made an effort to make the mathematics’ meaning reachable for the students. Emily clearly
understood that the math register carries a particular meaning (stanza 12a EK4, EK10, EK13)
and she saw herself as responsible for sharing that meaning with the children in the best and most
transparent (Adler, 1999) way.
Emily’s switch from the terms “patterns” to the term “groups” (stanza 12, EK2) happened
quickly. Interestingly, when I asked Emily about this switch she said that “she knew”(stanza 12a,
EK19) about it; moreover, she stressed the intonation when she stated she “caught” herself. I
argue then, that these lines are showing that the educator purposely chose to code switch between
terms that belonged to the math register. Emily’s reflection seemed to point out this particular
switch (and all other switches) as a pedagogical decision (stanza 12, EK 25).

Observation 9. This scenario (Stanza 13), displays an activity in which Emily presented
the idea of counting forwards to her students. Stanza 13a displays Emily’s response and the
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rationale for her switching to the mathematical register when defining the meaning of this
counting ability.
Stanza 13 (in math class)

Stanza 13a (educator’s video recall)

Five children were asked to stand up in a row. Each

R: In this clip, you switched from the children‘s

child had poster with a numeral (from 1 to 5)

idea of “counting that way,” to the math idea of

written on it. The educator asked the rest of the

counting forward. Why did you switch the

class,

language used to the language of math?
EK1: Yes, so I wanted to say

EK1: Which way should we go

EK2: “Yes, you are RIGHT; yes, we are going to

EK2: if we want to count from three?

count this way,”

Mary3:that way..

EK3: like pointing this way, but (laughing)

EK4: this way? (pointing from 3 towards 5)

EK4: this is the maaaath term: we are going to

EK5: Ohhh, when I am counting this way, I am

count forwards…

counting forwards

R5: Do you see this also a way of code switching?

EK6: Are you ready?

EK6: Yes, like with “patterns” and “groups ”

EK7: Ok, let’s count forwards starting at the

EK7: that’s a switching baaack…you know what I

number three..

mean?

EK & Ch7: THREEE, foour, FIIIVE!

EK8: like when I am saying counting forwards,
EK9: it is like switching UP
R10: like a higher level you mean?
EK11: Yes!
EK12: it is like “yes you got it, and here is the next
step, instead of saying
EK13: “I am going to count this way, I am going
to count forwards.”
EK14: Like another example of this switching
down and switching up
EK15: would be the terms “before” and “after.”
EK16: This week I have been saying,
EK17: “What number comes before…”
EK18: and using the number line,
EK19: I would say: “that means we go back,”
EK20: so I am switching down, you know?
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EK21: Because I am trying
EK22: to teach the concept of “before”
EK23: it’s hard and …(laughing)..
R24: “before” is a term they will use…
EK25: Exactly…but it’s so abstract
EK26: I’ve been trying
EK27: to do all kinds of physical representations of
that but
EK28: it is one of those things that..
EK29: the children that get it, get it right away,
EK30: but the others..
EK31: I think they are struggling with the
language..
R32: Going back to the clip, were you aware that
you switched and used the math term?
EK33: Yes, I was aware and I did it on purpose..
EK34: I was like
EK35: “Yes, you got it, you know what I’m trying
to teach right now,
EK36: and this is how it’s called:
EK37: counting forwards.

By showing the numbers from 1 to 5 side-by-side, Emily provided her students with an
opportunity to rely on the number line so they could see and respond to her question about
“which way to go” (stanza 13, EK1). Emily seemed to rely on children looking at the number
line in front of them so they could see how the numbers were placed but also that the numbers
sizes increased as they counted “up.” Code switching to the mathematics register unfolded
smoothly while Emily and the students referred to numbers 3 and 5 and when Emily used the
term “count.” After Mary said and pointed “that way” (stanza 13, EK4), Emily revoiced Mary’s
response (Moschkovich, 1999), and then code switched to the mathematical register and
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provided her students with the terms that she believed could explain the idea of “that way”
(going to the right as a “forwards” motion). The switching to the register produced a break in the
flow of the conversation (Moore, 2002) and changed the focus of attention towards the term
“counting forwards.” The mathematical meaning of counting forwards (counting up) was
revealed to the students when Emily invited them to count aloud from number three.
This scenario was recorded during my last week in Emily’s classroom. When she
observed this video clip, Emily explained that she was aware of the switching that happened in
stanza 13 (EK33), and as well, she explained her intention when doing it. But it was very
interesting to hear her explanation of code switching when she provided a rationale about her
language use. On stanza 14a, Emily talked about “switching back” and “switching up” (EK7 and
EK9). These lines revealed the Conversation (Gee, 2104) that school mathematics teaching
should be constructed as it is conceived as a developmental trajectory (Clements & Sarama,
2009). This Conversation is quite common among teachers and is strongly empowered by
curriculum documents and mathematical agencies like the National Council of Teachers of
Mathematics (2000). Moreover, I contend that when Emily explained her idea of “switching
back” and “switching up,” she undoubtedly described her teacher scaffolding role within those
perceived trajectories.

Observation 10. In observation 10 Emily focused on teaching the counting sequence
through the use of a counting line from 1 to 5, in particular the idea of the number after another
number.
Stanza 14 (in math class)

Stanza 14a (educator’s video recall)

Five children were asked to stand up in a row. Each

R: Could you tell me more about this scenario?

child held a poster with a number (from 1 to 5)

How does your talking help children to
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written on it.

understand the idea of the “number after.”

EK1: ah…I want to ask you,

EK1: Yeah… “before” and “after”

EK2: what number comes after one?

EK2: is going to be like...(laughing)

Ch3: tttwoooo..

EK3: Because now, I have changed that

EK4: what number comes after four?

terminology

(pause, 0.5)

EK4: because that didn’t stick

Ch5: fffive

EK5: …they are like “Ah? Ah? We don’t know

EK6: ffffive…that’s right...

what she is talking about”

EK7: When I say after I mean…

EK6: So I thought,

EK8: If I am talking about what number comes after

EK7: “Ok, using what comes first, what comes

four

next, that’s not helping”

(touching the head of girl that had number 4)

EK8: So this week we’ve been using number

EK9: it means what number comes next

lines

(touching the head of the girl that had number 5)

EK9: and I said,

EK10: Ahmmm..What number comes after three?

EK10: “Jump back! Jump forward, jump ahead,

(touching the head of the girl that had number 3)

jump forward, jump BACK!”

(pause, 0.5)

R11: Is it working?

Sam11: twooooo

EK12: I don’t feel it is

EK12: oh, AFTER...I say THREE

EK13: I am feeling that we are really struggling

(touching the head of the girl that had number 3)

with those terms

EK13: and what comes next?

EK14: and I am having to do a lot of teaching,

(touching the head of the girl that had number 4)

EK15: “What does it MEAN to come before”

Ch14: fooooour

What does it MEAN to come after?”

EK15: four

EK16: Anyways, I am still struggling with that,

EK16: Now, here is a new word,

EK17: I haven’t figured out the key in terms of

EK17: what number comes BEFORE three?

language,

(touching the head of the girl that had number 3)

EK18: because I can say “before “ and “after” all

(pause, 0.6)

I want,

Sam and Lucy18: ttwooo

EK19: but I have to teach what those terms

EK19: Two, that’s right,

mean…

EK20: that means what number do I say first;

EK20: So I think, back to the idea that I say

EK21: I say two and THEENN I say three.

“groups” instead of “sets,”

EK22: What number comes before two?

EK21: is because “groups” we understand

(touching the head of the boy that had number 2)

EK22: and I don’t’ have to teach “sets,”

119
(pause, 0.5)

EK23: so I CAN teach about counting and

EK23: Anybody knows?

creating groups

Connor24: One

(pause, 0.3)

EK25: yeah, one..

EK24: but right now, I am stuck..

EK26: I say one first and THEENN I say two.

EK25: IT is more like a language lesson for me,

EK27: What number comes before five?

really

(touching the head of the girl that had number 5)

EK26: because like for example,

(pause, 0.6)

EK41: today I just put the numbers one-two-

EK28: Maria, what number comes before five?

three-four-five on the board

Maria29: foooour

EK42: and then I took away one number,

EK29: That’s right, I say four first and then I say

EK43: and we were all getting that idea like

five

EK44: when I said “open your eyes, what
number is missing?”
EK45: So, I don’t think IT is a matter
EK46: that they do not understand the number
sequence
EK47: ..So then I was,
EK48: “Oh, IT is three! and threeee comes
BEFORE four, and AFTER TWO”
R49: Do you think you are doing a lot of talking?
EK50: Yes! I am doing a lotttts of talking with
this.

In Stanza 14 Emily’s teaching focus was the sequence or the order of numbers from 1 to
5; Emily began by using the terms “after,” and “before” to connote the ordinal relationship
among these five numbers. At the beginning of the session, she asked the students about a
number that was positioned “after” a given one (stanza 14, EK2, EK5, EK10). Having the
possibility of seeing numbers in the number line, as well as observing Emily when touching the
head of the student who held “the right number,” certainly seemed to help the children answer
confidently and correctly (stanza 14, Ch3, Ch5, Sam11, Ch14). During these first minutes of the
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session, code switching happened naturally as Emily and the children showed an understanding
of the number words from one to five. As the session unfolded and in an effort to make the
meaning of the ordinal relationship between numbers transparent for her students (Adler, 1999),
Emily chose the term “next” to explain the idea of the number “after.”
In the second part of the lesson, Emily wanted the students to focus on the number that
was positioned “before” a given one. In the case of Stanza 14, “before three” implied the number
that was positioned in the number line that the children were observing (two) as well as the
ordinal relationship that involved one, two, three, four, and five. Emily produced a break in the
flow of the activity by stating that they were going to learn a new word (stanza 14, EK16, EK17).
The focus of the lesson towards language was then made explicit to the students. This time, even
though the children were seeing the numbers in the number line and observing Emily touching
the head of the student that held “the right answer” (stanza 14, EK17, EK22, & EK27), the
children seemed more uncertain about their responses (they took longer to respond). After
looking for signs of comprehension and observing her student’s faces and silence, Emily
provided explicit examples such as “I said two and THENN I say three” (stanza 14, EK21) to
explain the meaning of “before.” It was not until the end of the session (stanza 14, EK26, EK29)
that Emily code switched to the math register and used the term “first” to explicitly tell the
numbers’ ordinal relation in the examples she provided for her students.
Emily’s efforts were oriented towards students seeing and hearing the math meaning, in
this particular case the meaning of ordinal relationships between numbers. Hence, in stanza 14a
Emily stated, “It is more like a language lesson for me, really” (EK25) explaining perhaps, her
view that the language used to carry math meanings had to be taught separately from the
meaning. This perception was also extended when she said that due to her focus on the
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semantics, she had to do lots of teaching and she did not concentrate on the math (stanza
14a,EK14, EK22, EK23). Once more, the limited understanding she believed children seemed to
have in relation to the terms, in this particular case the terms “after” and “before,” changed the
dynamics of her pedagogy.

Summary of Findings
Emily’s use of language during mathematical instruction sessions had been framed within
the reality of her kindergarten classroom context. My analysis of how Emily viewed and
understood language in mathematical instruction as well as how she code switched between the
language of instruction and the mathematics register has been described in detail in the analysis
of the stanzas. Below, I provide a summary of emerging ideas related to this study’s research
questions, which will be further discussed in the interpretation chapter.

Emily’s understandings and views of language in mathematics instruction. During
the initial interview, when Emily described language in mathematics instruction, she stated, “If
you are not using math language, how would children even know what it is?” The analysis of the
video recall sessions revealed that although Emily understood language as the vehicle to
communicate and help students to see mathematical meanings, she mostly relied on what she
believed was familiar language to children. The decision of familiarity versus non-familiarity
was strongly rooted in her views of how mathematics instruction should happen at the K level.
Emily saw her students’ ages as a limitation and she seemed to make decisions about language
used between the boundaries of what she considered was developmentally appropriate for her
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students. For example, in stanza 3b, EK18-19, Emily explained that her students did see that she
was subtracting, although she never used the mathematical register to explain it.
It was evident through the analysis of the stanzas, that Emily saw mathematics as a
complex and abstract entity that has little to do with mathematics in kindergarten; she even
explained that this view was rooted in what the early years mathematics teaching community
believed when she said, “we try to teach concretely at kindergarten” (stanza 1a, EK16-EK17).
Emily also explained that she was not interested to teach the language of mathematics,
rather she explained that she preferred to focus on the mathematical meanings (stanza 2c, EK15).
This idea seemed somehow confusing, and exposed how Emily appeared to believe that meaning
and the mathematical register that explained it (for example, the use of the term sets to talk about
a collection of objects) were two separate entities. Thus, to bridge those entities Emily argued
that she needed to use language that was familiar to children; otherwise, she had to do “lots of
teaching” that did not necessarily focus on mathematics.
Emily mentioned many times that children needed “to see” the math meanings, which
shows her belief in making math reachable for her students. Mathematical meanings were
exposed (so children could see them) through the use of manipulatives, graphics, and visuals, and
also through the stress put on the descriptions of her own actions and the use of familiar terms
that were heavily highlighted as she talked to her kindergarten class.
The analysis also revealed how strongly Emily’s beliefs and values about language, math
language, children’s abilities, and mathematic teaching in kindergarten influenced the decisions
she made prior to and during mathematical lessons.
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Evidence of Emily’s code switching between the language of instruction and the
language of mathematics. Supported by the understanding of language as a communication and
as a meaning making tool, I argue that in an effort to make mathematics meanings visible for her
students, Emily made multiple choices about language; these choices exposed different ways of
code switching.
Code switching between the mathematical register and the language of instruction was
notable in each and every one of the stanzas when Emily and her students talked about numbers,
number words, and counting. In all of those pieces of language, the register emerged and the flow
of the talk was maintained due to the understanding that both speakers and listeners had
regarding those mathematical terms, their meanings, and the context where they were used. The
switching to the register, for example “three” or “how many,” did not interrupt the flow of the
conversation. It appeared that Emily perceived the meaning of those mathematical terms as part
of what she considered familiar language for children, and as such she felt that she did not need
to further teach or explain them.
Remarkably, when Emily perceived that she needed to clarify mathematical meanings
due to her understanding of their complexity and abstraction, or due to the limitations she saw in
her kindergarten students, her choices of language differed. I will describe now how those
decisions impacted the way she talked and the ways she switched to the mathematical register.
In an attempt to maintain the focus of attention on mathematics, Emily re-voiced (a) the
children’s ideas and (b) the student’s actions. While doing so, she switched to the mathematical
register and in most cases she strongly stressed the term with a high intonation. Emily only code
switched to terms that she believed were familiar to children. When Emily believed that children
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did not have any experience with the term or could get confused, her efforts focused on not using
the register.
In some scenarios, code switching between the language of instruction and the
mathematical register became evident when Emily perceived that she needed to add some new
conceptual information for her students. For example, in stanza 10 Emily switched from Mary’s
informal language and used the register to explain the meaning of counting up: counting
forwards.
Although less frequently in the responses, Emily also code switched between terms that
belonged to the mathematical register; for example when she decided to use the term groups
instead of the term patterns to not confuse her students’ understandings, particularly because of
the approach taken in her class regarding those words. Of interest also was how code switching
and the use of the register emerged when Emily summarized mathematical activities.
Emily explained that although it happened quickly during lessons, in some cases she was
aware of the switching. The video recall sessions revealed also how Emily sometimes made
choices of language prior to teaching particular concepts.
As the process of data collection unfolded, Emily appeared to become aware of her own
“switches,” and she started to explain how she could use language in a process of scaffolding
students’ mathematical understandings. That particular revelation led me to revise the stanzas
differently and analyze how a different pattern of the language in-use (Gee, 2014) appeared to
emerge. It was evident then that because of her belief in avoiding the use of the math register,
Emily’s language choices were mostly grounded in what she considered to be familiar language
or not familiar language. That was the case, for example, of using terms such as “the same,”
rather than using “equal;” “groups” rather than using “sets;” “repeats over and over,” instead of
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“core unit;” or terms such as “next,” “forward,” or “ahead,” to explain the mathematical concept
of the number after. In general it appeared that Emily’s exertions were oriented to make the
mathematical meanings evident for her students by somehow simplifying the language that
carried its meaning.
In summary, I have provided the reader with a description of the kindergarten classroom
context. This close examination has served as a frame to support the analysis of the language
used by the kindergarten educator while she was teaching number sense to her students. In the
next chapter, I will share the grade one case study.
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Chapter 6: The Grade One Class
The grade one class was located in in a school in a suburban area in Atlantic Canada. The
school is situated in a large and prosperous neighbourhood that had experienced a significant
increase of its immigrant population in the last decade. The school housed students from
kindergarten to grade three. During the time of data collection there were 640 students enrolled
in the school with a majority of English Canadian children and a growing population of Asian
students.
Susan was the grade 1 educator. Susan had 20 years of teaching experience. She
graduated in 1990 with a Bachelor in Psychology and 1994 she finished her Bachelor in
Education degree. Susan had taught grade 6 and grade 1; she also had worked as a reading
recovery teacher. By the time of data collection, Susan had been teaching grade one for nine
years.

Mathematics in the Classroom
The grade 1 classroom had a well-established routine; the schedule was busy and tight but
Susan was always prepared and well organized for the next transition and for the next activity;
children never had to wait. After children finished their tasks and moved between routines the
children were invited to read a book or to choose a small whiteboard and to print numbers as far
as they could.
Mathematics teaching took part mostly during the morning math routine. During the
morning math routine, the child who was the helper of the day was invited to do the calendar;
Susan asked him or her what the day was, the month, and the number of the date. Then the child
used a pointer and while pointing at the words he /she read the question “How many days have
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we been at school?” After counting the dots placed on a banner that represented ones, tens, and
hundreds, the child wrote the total number of days on the whiteboard. Later, Susan directed the
children’s attention to one corner of the whiteboard where she had printed a story problem; the
main character of the story problem was the helper of the day. For example, if the helper was
Mike, the story problem might say: “Mike had 12 gummy bears. His dog ate 5; how many
gummy bears does Mike have left?” Susan read the story aloud and asked her students what
words helped them to figure out if it was an addition problem or a subtraction problem. Then
they used a part-part-whole frame to decide how to organize the information, which was
displayed as follows:
12
5

?

Susan invited the children to explain the part-part-whole relationship in the problem and then she
asked one child how they should write the number sentence (12-5 = ?). Next, Susan would show
the children the math strategies listed on a yellow poster and asked children individually what
strategies could be considered to solve the problem. After this daily routine, children worked
individually in their journals, printing books or on worksheets to practice what was done in the
morning math routine; for example, they would complete a list of part-part whole equations.
When asked about the planning of mathematics lessons Susan explained,
I will think about what outcome I am going to cover or work on that particular day; I have
it kind of laid out, so I know what I want to cover and what I am focusing on. When I
cover my outcomes I think about where we are at and where we are heading…I am
always coming back and re-visiting things all the time; you need to do that, there is a lot
of repetition in grade one. I planned it at the beginning of the year and have it laid out so I
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know how that will look and I need to be sure that I have everything covered. (Initial
interview, January 5th, 2015)
Susan consistently challenged her students to explain math strategies, to think aloud ways
to solve mathematical problems and to have a “good attitude when learning mathematics.” Susan
asked her class questions, but most of the time once she asked, she pointed at an individual
students: “Carol, tell the class how you did your counting by twos,” “Keegan, tell me how come
you knew it was five?” When I asked Susan about this pedagogical practice she explained,
I think it is really important that they can explain to me why and what is that they are
doing, and why they are thinking the way they are thinking…I think that, that it’s a skill
itself…and I want them to understand, you can GIVE ME the answer, but that is not
really what I am looking for; I need to know how did you get that answer. (Initial
interview, January 5th, 2015)
Mathematics was made visible in the classroom through a large number of visuals
commercially made. Susan consistently invited her students to use and to rely on the visuals to
support their learning. For example, she usually challenged her students to find a particular
poster that could help them to remember a math rule or process for solving problem.

The Pedagogy of Mathematics in Susan’s Classroom
Susan felt very strongly about the ways mathematics was taught in the initial grades of
her school: “I like that we really take the time to build that strong foundation in understanding
especially number sense” (Initial interview, January 5th, 2015). She also felt quite strongly about
the curriculum outcomes for grade one. Certainly, Susan heavily focused on facilitating her
students’ meaningful understanding of what she described as “foundational mathematics.” In
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particular, she focused and talked with her grade one students about strategies and pathways that
could help them to fully comprehend the rationale behind ways to solve problems. As she
stressed, she wanted her students to “become fluent in math.”
Susan explained that learning number sense was a crucial milestone for grade one
students and she strongly believed that her teaching was critical to support that learning; she
stated that the hands on and the concrete experiences were also very important to learn
mathematics:
They need to be able to see it…they need to be able to have the experience, not just
sitting down with paper and pen but to be able to be active, to use manipulatives, and to
take the time to explain themselves. (Initial interview, January 5th, 2015)

Susan’s Use of Language in Mathematics Activities
To explain Susan’s use of language in mathematics’ activities, I will first describe her
view and understanding about language in mathematics. Later in this section, I provide the reader
with observations that include stanzas from the video clips and the video recall sessions selected
from her class. As previously explained in the methods section, I conducted discourse analysis to
analyze Susan’s use of language as well as to identify evidence of code switching. Hence, this
section of the case study provides the reader with an intensive analysis of the educator’s
language.
When I asked Susan her opinion about the use of mathematical language in her classroom
she stated that it was important for teachers to use it because it supported students’ construction
of mathematical knowledge; “If we give them the language now, it will carry through their
school years and they will be more successful with it,” she said (Initial interview, January 5th,
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2015). She also explained that if children were not familiar with the proper mathematical terms,
teachers needed to teach them.
Like that little guy today…I was trying to help him to pick up the mystery word you
know? Because “more” and “less” are great words to understand and to help you to get a
better idea of what that story problem is all about, and to pick those key words out of that
story and knowing what those words mean and being able to think what do I need to do to
solve that problem; So, I think it is really important to teach those terms. (Initial
interview, January 5th, 2015)

Analysis of language. Now, I provide the reader with 8 observations consisting of 14
stanzas that include stanzas from the video clips and the video recall sessions selected from
Susan’s class. To facilitate the analysis, I have used numbers to indicate lines and pseudonyms to
identify a child; a group of children is identified as “Ch.” Susan is noted as “EG” (EducatorGrade) and I am identified as “R.”

Observation 1. In stanza 1 Susan presented her students with the possibility to see and
practice combinations for addition and subtraction; stanzas 1a and 1b show her response during
the video recall session.
Stanza 1 (in math class)

Stanza 1a (educator’s video recall)

The teacher placed a printed worksheet on the

R: How does mathematics unfold through this clip?

white board entitled “Fact family cones.” The

EG1: Well, the concept I am trying to cover is fact

worksheet displayed four columns and four

families

rows of empty squares and a picture of an ice

EG2: and how addition and subtraction work

cream cone below each column. In the

together;

worksheet, each ice cream cone had 3 numbers.

EG3: and understanding those terms of addition
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At the bottom of the sheet there were 16

sentence and equation

equations for addition and subtraction) that

EG4: and knowing that they mean the same thing..

matched up with the numbers of the four ice

EG5: So I did interchange those terms a little

cream cones.

bit…Ahmm…
EG6: Using the numbers and knowing and

EG1: We did a little work

understanding

EG2: with knowing the connections between

EG7: that the numbers within that family need to

addition and subtraction

remain the same and …

EG3: and knowing that they are part of the same

EG8: So, the children become aware of the patterns

family and this

EG10: and the connections between addition and

EG4: is kind of cool because each cone has

subtraction …

three numbers…

EG11: We already spent some time in fact families

(One boy approached the teacher and whispered

but

something in her ear)

EG12: I wanted to kind of scaffold the activity

EG5: So, each cone has three digits

EG13: so I gave them the support of the actual

EG6: and those digits are the digits in the fact

number sentences

EG7: and those are the facts in that family...

EG14: written for them on the sheet.

(pointing at the facts in the sheet)
EG8: Noooow, when you are writing fact
families
EG9: there is a rule we always follow and it’s
that
EG10: you have to use the same three numbers
EG11: So, let’s take a look at the first cone
EG12: We have four (printing 4),
EG13: we have five (printing 5),
EG14: and we have nine (printing 9)…
EG15: Who can tell me the addition facts that
go with this fact family? Sean?
Sean16: Nine take away four equal five…
EG17: No, addition…addition facts…
Sean18: Nine take away four equal five…
EG19: No, addition facts…remember? What’s
addition?
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Sean20: Plus?
EG21: Yes! A plus, adding…right?
EG22: So what would it be?
Sean23: Five plus four equal nine
EG24: Five plus four equal nine (she printed
the equation), exactly..
EG25: Mary, could you tell me another
addition fact in this fact family?
Mary26: nine take …
EG27: Oh, we are doing addition facts..
Mary28:..fooooour
EG29: Four (printing 4),
Mary30: Four plus five equals nine
EG31: good for you! This is called…
EG32: What do we call this, Nick?
Nick33: Fact family
EG34: No, we have this fact and then we have
this fact
EG35…what’s this fact? It’s the…?
Nick36: A double
EG37: Not a double…It’s the? What is it
called?
Nick38: Turn around!
EG39: The turn around! It’s the turn around
fact!
EG40: So, you said Mary, four plus five equals
Mary41: Nine!
EG42: Nine! Good…
EG43: Who can tell me my two subtraction
facts?
EG44: Lily, please tell me one subtraction fact
that goes with this
(pause, 0.3)
EG45: When we do subtraction,
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EG46: what number do we always start with?
Lily47: The biggest number
EG48: The biggest number...
EG49: What’s the biggest number of those
three numbers?
Lily50: ..teeeen…
EG51: No, what’s the biggest number?
(pointing at the addition on the whiteboard)
Lily52: Niiiine…
EG53: Nine (she printed as Lily responded)
Lily54: Take away…
EG55: Take away…
Lily56: fiiiive
EG57: five
Lily58: four..
EG59: Equals four. Good.
EG60: Who can tell me the next subtraction
fact?
EG61: Ahmmm, Frank, go for it…
Frank62: Nine take away four equal five
EG63: Nine take away four equals five (she
printed as Frank responded).
Stanza 2

Stanza 1b

EG1: Ok grade one,

R: As you know, I will be investigating how

EG2: you are going to take a look,

teachers switch between the language of instruction

EG3: there are all kinds of number sentences or

and the language of mathematics. How do you see

equations that are down here,

that switching happening in this video clip?

EG4: and you need to figure out

EG1: That was a conscious choice..

EG5: what four equations or number

EG2: I was consciously trying

sentences

EG3: to make that connection

EG6: are going to fit and match up with each

EG4: between the terms “number sentence,” and

cone

the term “equation.”

EG7: So you are going to find them, cut them

R5: Do you think that the term equation…
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out, and glue them in

EG6: I feel it’s a higher level…

(pointing at empty squares on the worksheet)

R7: Could you explain please?

EG8: each cone matches its own number

EG8: I don’t know…

sentences, ok?

(pause, 0.3)

(she then passed a “Fact Family Cones”

EG9: I think

worksheet to each child)

EG10: they understand the term “sentence,”
EG11: they understand…
EG12: we’ve used the simple terms “number
sentence,”
EG13: we‘ve used it soooo much since September,
EG14: that they have a good grasp
EG15: and a good understanding
EG16: of what that term means and
EG17: now, I think that the term “equation,”
EG18: is just a bigger word, you know?
EG19: Just even to get your tongue around
EG20: to even say “e-qua-tion,”
EG21: that articulation of the word equation,
EG22: for them to say it, and hear it,
EG23: and remember it, and understand it
EG24: and to be able to interchange the two
together…
EG25: and then eventually,
EG26: when they get to a higher ….
EG27: when they get to grade three,
EG28: the teacher just uses “equation,”
EG29: she no longer uses “number sentence.”
EG30: So it’s building up, you know?
EG31: and yes… I chose it on purpose.

Stanza 1 clearly displays Susan’ pedagogical intention with this activity; she wanted her
students to think about the relationships involved within addition and subtraction facts families.
In an effort to make those connections visible, Susan supported her math talk with her own
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printing and the visual representations of the equations. Susan asked, modeled, printed, and
described the relationships between these sign systems and while doing so, she code switched to
math terms and expressions that the children seemed to know, in particular to terms such as
“addition,” “subtraction,” “equal,” “take away,” “plus,” “number sentence,” equation,” and
number words. In some cases, Susan questioned the students about terms and ideas that could
describe a particular mathematical meaning (i.e., “what’s addition? EG20) or the mathematical
rules that were involved (i.e., “When we do subtraction, what number do we always start with?”
EG45-46).
When Susan talked about her use of language, she employed the term “interchangeably”
twice (Stanza 1a, EG5; stanza 2a, EG24), and she explained how the mathematics register
entered the discussion, building up from language that children already knew. Certainly, stanzas
1 and 2 revealed a consistent back and forth between terms that children seemed to be familiar
with; for example, when Susan asked Sean to explain addition (Stanza1, EG20), she confirmed
his response (“yes, plus” EG21) to explain the meaning of addition facts. Similarly, in stanza 2,
the use of the conjunction “or” (EG69) indicated that “equations” and “number sentences” had
the same meaning but because children knew the term “number sentence” Susan purposefully
decided to use both (stanza 2a, EG1). Interestingly, when she discussed number sentence, she
first said “sentence” (not “number sentence”) to speak about what children would know (stanza
2a, EG10); I wonder if she viewed the language and the math register as similar.
It is interesting to see how these math terms entered the discussions, and how Susan tried
to construct what I will call bridges of meanings between them. In her effort to build bridges of
meaning, I argue that Susan code switched between the language of instruction and the
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mathematical register, as well as between terms that belonged to the math register (for example
number sentence-equation).
Susan also code switched to re-voice her students’ ideas. For example, in stanza 1 Nick
said: “Turn around” (Nick38) to what the teacher revoiced: “The turn around! It’s the turn around
fact!” (EG39). By revoicing the student’s response, the educator stressed the students’
knowledge but also ensured that the register entered the discussion again, thus keeping the
“discussion mathematical” (Moschkovich, 1999, p. 14).
When I asked Susan about the switches she made, she indicated that the use of the term
“equation” was a choice supported by what she knew about her students; additionally, she
considered that the moving between terms and code switching was a necessary scaffolding
process. In the case of the term “digit,” Susan explained that she hardly ever uses this particular
term.

Observation 2. Observation 2 is organized into stanzas 3, 4, and 5, all of which display
excerpts of language from the same activity in which Susan wanted her students to see and
explain the relationships of two number combinations that hold the same value. Stanzas 3a, and
3b, present Susan’s responses during the video recall session after she watched the video clips,
from which the excerpts were taken, in their entirety.
Stanza 3 (in class)

Stanza 3a (educator’s video recall)

During morning meeting the educator said,

R: What do you think about the language you

EG1: I have a question for you boys and girls.

used to explain, “equal” to the class?

Here is my question: what does equal mean?
(printing the question on the whiteboard)

EG1: Oh...I was trying [to get] them to say the
term “same,”

Julie2: I don’t know…

EG2: and all that…they did it eventually,

137
Brandon3: It means balance…

EG3: but I thought it was going to come

EG4: Ok, you said balance? (printing “balance”

naturally,

on the white board)

EG4: and they will be like “It’s the same,”

EG5: Can you tell me what does that mean?

EG5: but they didn’t get that word…

Tell me more…

R: Was that the first time you were showing them

Brandon6: Balance means…ahmmm… it means

the relationship between equations?

...it’s like…like balance (moving his hands on

EG6: Yes

the air lifting one up higher than the other and

R7: What do you think about the language you

then bringing them back to same level)

use?

EG7: Ok, if it is balanced..

EG8: Yeah…I was trying…

EG8: Can anyone give another word for balance?

EG9: and I can’t remember…did I use the scale

Patty9:…flat…

before or after?

EG9: Flat? Ok..

(meaning earlier or later during the lesson)

EG10So Brandon let’s think about that…

R10: After…

EG11: If I have a two and a three over here (she

EG11: Well… yes...mmm…

printed 2 + 3), ok?

EG12: they did have the word “balance,”

EG12: Is that equal to four plus one (she printed

EG13: yes, they did have that…yeah…

= 4 +1)?

EG14: I am wondering what would have

Lily13: no!

happened

EG15: So two plus three, is that equal to four

EG15: if I could have brought the concrete,

plus one?

EG16: the scale first…

Brandon16: No

EG17: like in my mind,

EG17: you don’t think it is?

EG18: the word “same;”

Ch18: No

EG19: it’s an easier term

EG19: Let’s see, let’s find out (she puts magnetic

EG20: because they can transfer that term

chips on the white board)

“same” in so many different ways, you know?

Sean20: …Actually… YES, it is..

EG21: Not just in math but also in other ways

EG21: what do you mean? (she stopped placing

EG22: I think lots of them DO understand what

the chips on the board)

“same” means,

Sean22: IT is equal because it’s five…

EG23: and could make that connection

EG23: How do you know it’s equal?

EG24: between “same” and the term “equal” in

Sean24: ‘cause, ‘cause it’s five…

math,

EG25: Because it’s five? Let’s see if it is five…
EG26: Two (she separated two chips and placed

Stanza 3b
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them below number 2)

R: You highlighted the term “the same,” but then,

EG27: and…how many more (pointing at

during the same lesson, you said “the same

number 3)?

amount.” Could you elaborate on this a little bit

(pause, 0.3)

please? Were you aware of the terms you were

EG28: Three more…

using?

EG29: count with me: one, two, three…
Brandon30: That’s five…

EG1: No, I don’t think I thought about that

EG31: That makes five (she printed number five

(laughing);

and the equal sign)

EG2: I think it just came out…

EG32: Ok, so now let’s make this one (pointing at

EG4: when trying to help them to understand…

number 4)

EG5: it just came out…

EG33: how many are here first?

R6: You did a lot of talking during this lesson.

Ch34: Four

Was that necessary?

EG35: Four. One, two, three, four (she placed 4

EG7: Oh, yes, I think so…

chips below number 4)

EG8: I think it’s our understanding too that gets

EG35: and how many more? (pointing at number

involved… and our knowledge…yeah...

1)

EG9: I can see where you can get caught up

Ch36: One

easily

EG37: One more (she placed one chip below

EG10: as you are trying [to get] them to

number 1)

understand,

Brandon38: FIVE

EG11: and get off track…

EG39: What’s that equal to?

EG12: and they are not understanding

(Her printing looked as follows:

EG13: and you are trying
EG14: to pull it out of them
EG15: And it’s interesting when you see

Mark40: ten!
Ch41: five..
EG42: Five
Mark42: ‘cause five plus five equal ten…
EG44: five equal five (pointing at 5 = 5)
EG45: Five is equal to five (pointing at 5 = 5
again)
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EG46: Are they equal?
Sean47: Yes!
EG48: And how do you know they are equal?
Sean49: ‘cause five, five…well it is a double
EG50: And how do you know? Because it is the
ssssaaaame…
Brandon51: number!
EG52: So what do you know about balance then
EG53: Balance is the…
(pause, 0.5)
Carla54: Doubles..
Stanza 4
After waiting for a few seconds, the
educator brought a scale and manipulatives.
EG1: Right now the scale is balanced because
there is nothing there,
EG2: It’s equal because there is nothing in either
basket…
EG3: So, can you tell me Rachel,
EG4: What number are we balancing here
(pointing at 5)

EG5: What did we say was equal?
Collin6: five and five
EG7: Five and five
EG8: What was the first way we made five?
(pointing at the whiteboard) Ahmm…Alex?
EG9: Can you look at the combination up here
EG10: and can you tell me
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EG11: what were the two numbers that make
five?
(pause, 0.5)
EG12: Two and what?
(pause, 0.5)
EG13: what two numbers make five in the first
equation (pointing at the whiteboard),
EG14: two and..
Alex15: three
EG16: Two and three.
EG17: So first I am going to put two blocks
EG18: and I am going to build that,
EG19: so I am going to put two blocks (she
dropped two blocks on one side of the scale)
EG20: and then how many more Alex?
Alex21: Three
EG22: three more…one, two, three
EG23: Ok…Now what was the second
combination in there? Mary?
Mary24: Four and one
EG25: Four and one …
EG26: and these are combinations for what
number? Carl?
Carl27: Five
EG28: For five, they are, aren’t they?
EG29: Let’s do them…count with me…
EG and Ch30: One, two three, four
EG31: Ok, I have five here and I have four here
(pointing at each side of the scale)
EG32: it’s almost balanced…(she dropped one
more block on the side that had 4)
EG33: Five and five..
EG36: are they balanced now?
Mary37: pretty much..

141
(the scale appeared a little off balance)
EG38: Ok, if it is balanced,
EG39: what do we know about those numbers?
EG40: They are the..
Claire41: Equal..
EG42: They are equal, what’s another WORD for
equal?
Matt43: same..
EG44: SAME! Exactly!
EG45: THAT’S THE WORD I am thinking
about!
EG46: If it’s equal IT IS the same.
Stanza 5
EG1: So if it’s equal it’s the same.
EG2: And we know it is the same because, how
come? Luke?
Luke3: Because it’s five and five
EG4: It’s five and five,
EG5: and how can you tell by looking at your
scale that it is the same?
Luke6: Because…it’s…it’s not moving…
EG7: The scale is not moving…
EG8: what else about the scale is telling me that
it is the same? John?
(pause, 0.5)
EG9: How else can I tell that they are the same in
each basket?
EG10: Are they the same amount?
(pause, 0.5)
EG11: When we look at a scale,
EG12: what does it need to be to equal?
(pause, 03)
EG13: Is it balanced right now?
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Luke14: yes
EG15: yes, it is balanced.

During this session, these grade one students were invited to define, think, count, observe,
listen, and explain. The stanzas indicate that Susan code switched many times to the math
register and that children were requested to focus on terms such as “combinations,”
“combinations of numbers,” “amount,” and “equal” as well as on mathematical expressions such
as “equal to,” “two numbers that make…,” “how many more,” “first equation,” or “combination
for what number?” On stanza 5, Susan switched between the protoquantitative term (Resnick,
2000) “same” to the quantitative mathematical expression “the same amount;” Susan reported
not being aware of this last switching (Stanza 3a, EG1). The analysis also reveals that Susan code
switched when she repeated students’ ideas (stanza 3, EG45).
In a previous conversation, Susan had explained that the children have used and
understood the meaning of the equal sign as they have been working in number combinations
such as 3+1= 4, but that this was the first time they were working with equal relationships
between two number combinations that hold the same value (stanza 3a, EG6). Her initial
question, “ What does equal mean? (stanza 3, EG1), certainly proposed a focus on the semantics
of the math register and invited the class to think about meaning. Interestingly, the stanzas show
that Susan wanted her students to think about equal as a relationship that means “the same.” Even
though the idea of “the same” does not necessarily mean that groups, or as in this case number
combinations, are equal, Susan explained that the term “the same” was easier and could help
students to explain number combinations and their relationships (stanza 3a, EG43-44). Once
more, these responses showed Susan’ beliefs in relation to math language. Susan strongly held
the view that children needed to learn the register of math building up from terms that they
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already knew. She contended that by being exposed to the terms “equal” and “the same,”
children could make “those connections” (Stanza 3a, EG23) and “transfer” (Stanza 3, EG20) the
meaning they already understood to the new term. Susan’s figured world about young students’
vocabulary limitations, would support these beliefs.
Brandon (stanza 3, Brandon3), explained the meaning of equal as something balanced, an
idea to which Susan returned at the end of the class to describe the state of the scale (stanza 5,
EG15). This observation evidences how the lesson engaged both the students’ and the educator’s
ideas in a meaning making process, as well as how different sign systems including printed
equations, printed visual representations, and oral language, were merged in an effort to make the
mathematics transparent (Adler, 1999) for the students. The math register was used and became
significant within this crisscrossing of ideas and discourses (Adler, 1998).
Susan stated the focus of the activity three times: first, through the use of written
equations and magnetic manipulatives on the whiteboard (stanza 3), secondly, with the use of a
scale (stanza 4), and lastly when she reiterated the question about “the same” (stanza 5).
Throughout the lesson, Susan talked extensively; when I asked Susan if all that talk was
necessary she responded affirmatively, although she admitted that deciding what to say could be
a complex process for teachers (stanza 4bEG8 –EG14) as they need to figure out what the
students really understand.

Observation 3. Stanza 6 shows Susan’ inquiry about the meaning of equal (which had
been introduced the day before, see observation 2). Stanza 6a displays Susan’s response.
Stanza 6 (in the math class)

Stanza 6a (educators’ video recall)

The children were invited to work in pairs with a

R: In many of your activities, I have seen you

scale, manipulatives, and a worksheet that had a

using math language to highlight orally the
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list of equations; the task was to use the scale to

domain you want the children to learn. In this

indicate if the equation was true or false. After the

case, you said aloud the rule of equal relations.

children finished, the teacher asked a final

Could you explain why you think you did that?

question to the whole group.
EG1: When I first started teaching… ahm…
EG1: What does equal mean?

EG2: I always liked to have, to run the lesson

(Children raised their hands)

EG3: and come back to where we started from

EG2: John?

EG4: and to bring them back,

John3: it means the saaaame…

EG5: so we know where we came from and

EG4: That something is the SAME,

where we landed, right?

EG5: or that is the same on one side as it is on the

R6: What could happen if you started by giving

other…

the definition of the relationship between

EG6: so, if you see the equal sign,

equations?

EG7: the equation on one side

EG7: Ahmmm, I like discovering though, right?

EG8: is the same

EG8: I like the idea of some discovery learning

EG9: as the equation

EG9: and coming out with…

EG10: or the number on the other side, OK?

EG10: trying to figure out
EG11: where the kids are,
EG12: what they know,
EG13: and building on that…
EG14: So TELLING THEM,
EG15: right from the get go,
EG16: I don’t know…sometimes ...
EG17: but then other times,
EG18: I like to see
EG19: what they know…
EG20: I don’t know.

After inviting the students to work in pairs for approximately 15 minutes, Susan asked
them “what does equal mean?” John was quick to respond and used the language Susan wanted
the children to consider: “the same” (see observation 2). At first, Susan revoiced John’s
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response and used the language that she perceived was more familiar for the children (something
is the SAME, EG4); then, she presented her students with a formal definition of the meaning of
the equal sign. When providing the definition, Susan wrapped up that day’s lesson and code
switched to the mathematical register by using terms that the children already knew, such as
“equation” and “number.” To explain the relationship represented by the equal sign, she
continued to use the term “the same” (EG8) rather than using the term equal (“The equation on
one side is the same as the equation or the number on the other side,” EG7 to EG10). Susan
switched to the term “equal” in the question she asked (EG1) and then she switched to the
familiar term “the same” to describe and explain the meaning of equal relationships.
The analysis of this observation has revealed once more that Susan worked on
building mathematical knowledge from what children knew and through language that she
believed children understood, and that she moved back and forth between familiar language and
the mathematics register. Moschkovich (2002), suggested that this back and forth process not
only validates what students already know but also helps teachers connect their students with
scientific mathematics (p. 9).

Observation 4. Stanzas 7, 8, and 9 present scenarios in which the math register emerged
as the educator said aloud mathematical strategies. In stanza 8a Susan explained her rationale
about this particular way of talking in the class.
Stanza 7

Stanza 7a

The educator explained a math worksheet where

R: Let’s look at these clips. I have noticed that you

the children were expected to use a new

are consistently saying aloud mathematical

“mental-10” math strategy.

strategies, and that you also want children to say

EG1: So you need to add one to the nine

aloud how they are thinking math. Could you

EG2: and make that a ten

explain why?
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EG3: and then your brain thinks “ten plus,”
Ok?

EG1: I think it’s important
EG2: because if they can explain it to me,

Stanza 8

EG3: I know they understand the concept

The children were working on a worksheet

EG4: or understand what they are doing…

where they were expected to use a new “make-

EG5: I talk a lot about the brain,

10” math strategy. As the children worked

EG6: and having them to understand the connectors

independently, the teacher moved around the

in the brain.

classroom providing feedback.

R7: In the last clip, the child was explaining how he

EG1: Ok Lucy, tell me what your brain did?

was using the “doubles” strategy. Were you

Lucy2: I took one away from this (number 5)

expecting that?

Lucy3: and added to that (number 9)

EG8: I was probably hoping

Lucy4: and that makes fourteen..

EG9: that someone would come up with that;

EG5: Right! So you are taking one away from

EG10: I was expecting “think–ten” first for sure

five,

EG11: because that was what we were talking

EG6: so that makes it a four..

about…

EG7: and what does this nine turn into?

EG12: but yes, I guess just because of my

Lucy8: A ten..

experience,

EG9: A ten! So you are thinking-ten, right?

EG13: I would expect that they could make that

EG10: So ten plus four is ...

connection…

Lucy15: fourteen!

EG14: I always try,

EG16: I like your thinking Lucy!

EG15: when children are explaining,
EG16: sometimes they have difficulty with their

Stanza 9

words and explaining things,

Every morning, the educator and the children

EG17: so trying to repeat what they said for

read aloud a math story problem that was

everyone else,

written on the whiteboard.

EG18: so everyone has an understanding of what

EG1: Ok, who can tell to me

that child is saying.

EG2: the equation that goes with our problem?
Emma?
Emma3: six plus four equal question mark
EG4: Ok …(she printed 6+4 = ?)
EG5: Who can tell me now
EG6: the math STRATEGY?
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EG7: What strategy might we use to figure this
out?
EG8: Here is our strategy board guys
(pointing at the chart with the strategies)
EG9: which one do you think might work?
Mark?
Mark10: doubles
EG11: How are you going to make doubles
work?
Mark12: Because you know five plus five (the
educator printed 5+5 on the whiteboard below
6+ 4)
EG13: So five plus five is…
Mark14: ten; and 6 plus four is ten …
EG15: So, what are you doing?
EG16: What are you doing inside your brain?
EG17: How are you getting the six?
EG18: What are you doing?
Mark19: You have to borrow, so you get one
more..
EG20: Ohhh! So where are you taking it from?
(pause, 0.5)
EG21: Where are you taking that one from?
From the other five?
(Mark nodded affirmatively)
EG22: So this is what Mark said:
EG23: he said, “well I know five plus five is
ten,”
EG24: you tell me if I am right, Mark, about
your thinking,
EG25: and then Mark said “I took one from
here (she pointed at number 5)
EG26: and I made that a four, in MY HEAD”
EG27: and he said
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EG28: “and I added it to this one (she pointed
at the other number 5)
EG29: and I made that a six;
EG30: I added that that I took from here,
EG31: and I made that a four (she erased the
number 4 and printed a 5)
EG32: and then I put it over here (she erased
number 5 and printed a 6)

These stanzas (7, 8, and 9) show different scenarios in which Susan reformulated and
revoiced (Moschkovich, 1999) students’ ideas, thus making them explicit to the class; these
pedagogical practices led to a switch to the mathematical register and to the use of terms such as
“number words,” “plus,” “add,” “take away,” “doubles,” “more,” “equation,” and “equal.” In
other words, the pedagogical need to clarify, summarize, and confirm students’ responses led the
educator’s use of mathematical language.
Susan viewed her students “telling” their thinking, as one of the most important ways to
assess students’ understandings (stanza 7a, EG1-EG4); yet, Stanzas 7, 8, and 9 show how Susan
reformulated or revoiced students’ ideas, often times before they completed sharing them. Susan
perceived that her students had limited language skills (i.e., “they have difficulty with their words
and explaining things,” stanza 7a, EG16), thus her choice to reformulate and revoice was
perceived as a way to make the language of math visible for everyone (stanza 7a, EG14-EG18).
Stanza 8 is a clear example of this process; in this particular stanza, Susan started by revoicing
Lucy’s thinking process; yet, in line 9 Susan asked/confirmed and provided part of the response
to her question “you are thinking ten, right?” I contend that in this interesting process, the switch
to the math register stressed the focus of the lesson and produced a semantic break that invited
Lucy to think about “making 10.” Moore (2002) described these processes as conversational
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negotiations (p. 280), and she argued that they have an important role in focusing on areas of
language that “do not match with the experts’ model” (p. 281) in this case, the mathematical
register. The same process seemed to unfold in stanza 10, where after waiting for a few seconds
for Mark’s response, Susan told part of his answer (EG21), waited for Mark’s confirmation, and
finally said aloud the whole mathematics strategy again for the whole class (EG25-EG32). These
findings align with findings from a previous study (Moore, 2002), in which students were
learning a second language. Like Susan in stanza 8, the teacher involved in Moore’s study did the
majority of the talking when she wanted the language to be learned (English) to become explicit
for the students.

Observation 5. During this observation, Susan introduced her students to what she
described as a new 10-fact strategy (this activity happened the day after the activity described in
observation 4). Stanza 11 shows Susan’s teaching approaches to demonstrate how to make 10 to
the children. Stanza 11a displays Susan’s response during the video recall session.
Stanza 10 (in the class)

Stanza 10a (educator’s video recall)

Every morning, the teacher and the children read

R: What do you think about your talking as you

aloud a math story problem that was written on the

tried to explain a new strategy to the children?

whiteboard. Below the written story problem there
were two magnetic base 10 frames; the first one

EG1: Yes…I wanted them to really understand

had 9 green manipulatives; the second one had five

EG2: all that goes on inside their head, right?

blue manipulatives. This particular morning, the

EG3: It’s all about using that brain and holding

teacher introduced a new “think 10” math strategy;

that number,

she wrote the equation 9 + 5= ? on the whiteboard.

EG4: and manipulating those numbers, you
know?

EG1: How can we get to ten?

EG5: It’s such a mental thing, right?

EG2: What if we borrow from a number (pointing

EG6: So I…and repeat, repeat, repeat, right?

at number 5)?

EG7: Go over and over, very important…
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EG3: What if we borrow from the five?

EG8: I think that if I would do that again,

EG4: How many we will need to borrow from that

EG9: I would break that number up visually for

five to make that nine a ten?

them…

Ch5: Ooone..

R10: Could you explain that?

EG6: ONE!

EG11: Yeah…because giving them that concrete

EG7: Ok Let’ look, let’s see what happens..Watch!

piece

EG8: Watch, I am going to take my ONE from my

EG12: of how that number is broken into two

five (she took one blue manipulative)

parts,

EG9: and I am going to borrow it,

EG13: that eight is broken into seven and one,

EG10: everyone look up here, this is…this is BIG

EG14: and how we take that one and

STUFF, this is a new strategy

EG15: he goes over to sit with…

EG11: I am going to take that five,

EG16: I think that if I was to do it again, you

EG12: and I am going to borrow it,

know,

EG14: so now, I am going to turn it into a four

EG17: I will probably bring that from the very get

(she printed number 4 below number 5)

go,

EG15: and now I am going to put it up here (she

EG18: I think that that helps them to visually get

placed the blue manipulative on the 10 base frame

that piece

that had 9 green manipulatives);

EG19: about how that number,

EG16: and now how many I have up here

EG20: how we move that…

(pointing at the first 10 frame)

EG21: It is a developmental thing for sure

Ch17: ten (she printed number 10 below number 9)

EG22: and some get it right away

EG18: Ten.. and ten plus four is…

EG23: and some still need those manipulatives.

(she wrote: (9 +5 = 10+ 4 = 14)

EG24: And the ten-frame too,

Ch19: fourteen..

EG25: that really helps them to see

EG20: Fooourteen, exactly..

EG26: how you take it from there

EG21: So this is called making ten

EG27: and then you move it to the ten to make the

EG22: And we can make ten if we have a nine in

ten...

our number sentence

EG28: Yeah, it’s pretty complex…

EG23: because we can easily borrow from the

R29: Do you think the talking is important for

other part (pointing at 5)

them?

Alex24: But it’s the same strategy…

EG30: I think they need to be able to tell you

EG25: No, this is a new strategy,

EG31: what it is that they are doing,

EG26: we are still making 10,

EG32: they need to be able to explain what

EG27: but that was just an easier way of making

process,
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ten

EG33: what their thinking is …

EG28: this is a little more challenging

EG34: and to be able to talk about their thinking,

EG29: Because we have to take this nine (pointing

EG35: I NEED to tell them what my thinking is

at number 9)

while I do it

EG30: and we are going to borrow from the other

EG36: and model that many, many, many times,

part (pointing at number 5).

EG37: in order for them to understand …
R38: At first, it looked like the children were

Stanza 11

thinking about the first “make-ten” strategy you

After the children worked on worksheets and

taught them…but you wanted them now to think

practiced the new “make 10” math strategy, the

differently about making ten…

teacher gathered the class on the carpet. On the

EG39: Exactly….and I wanted them

whiteboard there were two magnetic 10 base

EG40: to look at that equation

frames; the first one had 9 green manipulatives; the

EG41: and look at it in different ways,

second one had 6 blue manipulatives.

EG42: as each child will see that in a different

EG1: I saw great thinking, really good hard work.

way,

EG2: I want you to look at this,

EG43: and what strategy must work for them,

EG3: So we are looking at this

EG44: so they could be able to interchange the

EG4: this is our nine (pointing at the first 10-base

strategies they use,

frame)

EG45: because there could be more than one

EG5: and this is our six (pointing at the second 10-

strategy

base frame)...

EG46: that could be helpful for a particular

EG6: So nine plus six (she printed 9+6= ?)…

problem.

EG7: So we WANT TO THINK TEN,
EG8: thinking ten in our brain (she placed her two
hands on her head),
EG9: we want to make one of those numbers into
a ten inside our brain…
EG10: and you are not writing this stuff,
EG11: you are doing this in your head, ok?
EG12: So you are taking those numbers and you
are turning that (pointing at number 6) into a ten
EG13: So if I know that this going to be a ten
(pointing at number 9)
EG14: Julie, what’s my six going to become inside
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my head? (pointing at number 6)
EG15: It’s gonna’ become a …
Julie16: Five
EG17: Five.. Then you know: ten plus five is…
Julie18: ten
EG19: No, ten plus five is…
Julie20: Fifteen
EG21: Fifteen (she printed 10+ 5= 15), right on!
EG22: And you can do it really quickly once you
get the idea (snapping her fingers)..
EG23: Mark, this is for you: nine plus seven (she
printed 9+7= ?)..
EG24: Mark , THINK TEN!
(pause, 0.5)…
Mark25: sixteen
EG26: Sixteeeeen (she printed 16)
EG27: good for you! I like that, I can see your
brain working..
EG28: Did you take one from the seven (pointing
at number 7) and add it to the nine?
(Mark nodded affirmatively)
EG29: Good for you!
EG30: Sean? (she printed 9+8=?)
EG31: Think ten..
(pause, 0.5)
EG32: What is it going to become?
EG33: That’s going to become a ten (pointing at
number 9)
EG34: and that is going to be a…(pointing at
number 8)
(pause, 0.3)
EG35: …so if you think ten, it’s going to be…
Sean36: seventeen!
39: Awesome (she printed 17)!
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EG40: What did your brain do? Tell me
(pause, 0.5)
EG41: It made this a seven (pointing at number 8)
because you made this (pointing at number nine)
a…?
(pause, 0.5)
Sean44: ten..
EG45: Ten!
EG46: So you borrowed (she printed number 10
below number 9)..
EG47: so what we did, grade one, is that we made
this (pointing at number 8)
EG48: and we did seven plus one (she printed 7+1
below number 8)
EG49: and we took that little one and he said
(pointing at number nine)
EG50: “come on over here, come on and join me,
EG51: I wanna be your friend because I know its
easier for me to hold ten in my head if you are with
me…
EG52: so you come over here because I added you
to my nine
EG53: and I am going to be a ten”
(While using a baby voice, she traced an arrow
from number 1 to number 9; then she printed 9+1
below number 10)
EG54: And now, he is by himself (pointing at
number 7),
EG55: he is a seven
EG56: and ten plus seven …(she printed 17)
EG57: Good job on that grade one.
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This lesson built from what children already knew; during time of data collection I often
observed that these grade one students had a clear understanding of mental strategies such as the
number after rule (N+1), doubles (2+2; 4+4), counting on, counting back, and counting on from
small digits to make 10. The conversation then held in stanza 10 between the educator and the
students unfolded effortlessly as Susan code switched to terms like “number,” specific number
words, “how many,” and “plus.” Additionally, Susan code switched to say aloud children’s ideas
(i.e., EG 45) and actions (i.e., EG28); she also used the math register to stress what children
might be thinking (EG41) thus reiterating the focus of the lesson.
After focusing on modeling the meaning of the “new making-10 strategy,” Susan code
switched to the mathematical register and provided the students with an explicit definition, “This
is called making ten” (stanza 11, EG21). This precise oral statement produced a breakdown in the
conversation and invited students to think about the mathematical expression “making-ten”.
Macaro (2005) explained that these types of breakdowns invite students and teachers to pay
attention to the semantics, in this case the semantics of the mathematical register, as well as
permitting the negotiation of meanings. Furthermore, Macaro contended that it is in these
semantic breakdowns that content and meaning can be elaborated (p. 77). It is difficult to say if
in stanza 8 students did have time to elaborate the content and the meaning of the expression as
Susan moved on with the lesson. Yet, Alexa (line 28) intended to comment that they already
knew a make-10 strategy, thus perhaps revealing that she was trying to figure out the meaning of
the new strategy. I believe that it is in those semantic breakdowns where educators could also
make choices of language, including the decision to code switch to the mathematics register. For
example, Susan could have chosen not to provide the definition and carried on with only
explaining the process involved when making 10.
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In the lesson, Susan uncovered the meaning of the new math strategy through the term
“borrowing” (EG4, 9, 12, 23, 30, and 46), which shows how everyday language acquires a
mathematical meaning in the classroom math discourse. The action of borrowing has key
implications for student’s later math understandings and could also help them build bridges of
meaning when trying to figure out this particular math strategy. Susan also used other
expressions such as “turned into,” “put it up here,” “take” and “he goes over to sit with it” to
uncover and make explicit the processes involved when making 10. It is interesting how these
last statements were action oriented and personified the number.
In stanza 10a, Susan stressed her view about the importance of modeling and “thinking
aloud”, talking about her own thinking (EG35-36), so as to help students understand the meaning
of the concepts involved. Later in the lesson, Susan explained the “make-10 strategy” as a “think10 strategy” (EG7) and articulated on many occasion the cognitive process involved in
understanding the strategy. Statements such as “thinking ten in our brains,” (EG8) and “we want
to make one of those numbers into a ten inside our brain” (EG9) are also evidence of this way of
talking and teaching.

Observation 6. Stanza 12 shows how Susan interacted with one student, George, who
struggled when counting by twos. The analysis of these stanzas focused on Susan’s approach and
use of language when trying to help him.
Stanza 12 (n the math class)

Stanza 12a (educator’s video recall)

The teacher brought a plastic ball and the children

In this clip you code switched between math terms

sat on the carpet located beside the whiteboard. The

to explain to the child the strategy of counting by

whiteboard had a magnetic 100 chart in which even

twos. Why was it necessary to explain that to the

numbers were red and odd numbers were blue.

child? Were you aware of that language choice?
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EG1: We are going to do a little bit of a warm up

EG1: Yes, we used that term (skip –counting)

EG2: and we are going to practice counting by

EG2: and that for him…

twos, ok?

EG3: I wanted to make sure

EG3: So I am going to call your name,

EG4: that he understood what he was being

EG4: I am going to throw you the ball

taught…

EG5: and I want you to count by twos up to

EG5: He is a little boy who struggles,

twenty

EG6: so reviewing, going back…

EG6: So we are going to do five people today;

EG7: that was meant to be a little,

EG7: I am going to pull out my popsicle stick jar

EG8: quick review (snapping her fingers)….

for this activity, ok?

EG9: But he is one

EG8: George! Ready?

EG10: that is not quite there yet with it,

(she threw the ball to George)

EG11: is not solid enough,

EG9: Ok George, counting by twos…(she stood

EG12: so I needed…

up and pointed at number 2 on the 100 chart)

EG13: and first of all,

EG10: look up here George..

EG14: I gave them the concrete to be able to look,

George11: two, four, ahmm…five?..

EG15: but he was still having some difficulties;

EG12: Let’s try that again George from the

EG16: so I wanted to know

beginning

EG17: what exactly he was doing,

George13: two, four..

EG18: what was he counting when he counted by

EG14: George, can you start again

twos…

EG15: and use a great big loud voice that I can

R19: He said counting on…

hear?

EG20: Counting on, which is good,

George16: two, four, six, eight, nine..

EG21: that’s good language there,

EG17: Oh, remember George…

EG22: but how are we counting on?

EG18: when we are counting by twos,

EG23: So…the choice of using that language

EG19: what are we doing?

EG24: was made on purpose for the individual

(pause, 0.5)

child.

EG20: George, I am going to ask you a question:
EG21: when you count by twos, what are you
doing with your numbers?
George22: counting on..
EG23: You are counting on,
EG24: but how are we counting?
EG25: We are… ssskk…
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(pause, 0.3)
EG26: it’s call skip counting, Ok?
EG27: So when you are counting by twos
EG28: you are skipping every second number.

The situated meaning of the lines, “that’s good language there, but how are we counting
on?” (Stanza 12a, EG21-EG22), provides evidence of where Susan stands in her understanding
and view of language in mathematics teaching and learning. Susan believed that her grade one
students should learn the use of the mathematical register but more importantly, that students
should be able to understand and explain its meaning. Talking math and explaining their thinking
were the clues that generally guided Susan’s pedagogical and language choice decisions.
To support George’s response, Susan first pointed at the 100s chart; she realized that he
was struggling so she then checked his comprehension. Susan’s elicitation subsequently became
more explicit, and she moved from inviting him to “try again” (stanza 12, EG12) to precisely
saying that she was going to ask him “a question” (stanza 12, EG20). She then proceeded to
paraphrase the question, only this time she insisted in knowing “what was he doing with his
numbers”(stanza 12, EG21); next, she revoiced George’s answer (as a way to validate his
knowledge about numbers) and provided an initial clue, “ssskk…” (stanza 12, EG25) helping
George to see the term she was expecting him to think about. After the pause, Susan responded
for George and used an alternative mathematical expression. I suggest that in her efforts of
making the math meaning transparent (Adler, 1998) for George, Susan switched between
expressions of the math register (“counting by twos” to “skip counting”) and used a
mathematical expression that explained the mathematical action of counting by twos. Susan
stated that her language decision was a purposeful choice mostly based on what she knew about
George. This scenario displays heavy demands on the educator, particularly in relation to the
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choices that needed to be made within the crisscrossing discourses (Adler, 1998) that merged in
the math lesson: the math register, the language that explains the math register, as well as
George’s and Susan’s interpretation of those discourses.

Observation 7. Stanza 13 displays a brief section of a routine in which children
counted the number of days that they had been at school. Stanza 13a shares the educators’
rationale for her use of language during the activity.
Stanza 13 (in the math class)

Stanza 13a (educator’s video recall)

Every day, the classroom helper read the

R: Why did you switch from bars of tens to rods?

calendar aloud and counted how many days the

EG1: Well, because they used that term [rods] in the

class had been in school. Counting was done on

upper grades;

a board that represented the tens and the ones

EG2: and again,

with manipulatives. When the counting of

EG3: I want them to understand

“ones” reached 10, the children exchange the

EG4: and to be able to interchange that term…

10 “ones” for 1 rod of 10 (using base ten

EG5: we could call them bars in grade one,

manipulatives).

EG6: but let’s call them rods
R7: Were you aware of that decision?

EG1: What are these called? (pointing at the

EG8: Yeah, I was…yeah,

rods of 10s)

EG9: because certainly for that particular example I

Luke2: ten bars

was

EG3: ten rods…

EG10: “Oh no, I don’t want them to call them bars, I

EG4: they are rods of ten

want them to call them rods!”

As I have already explained, Susan believed that grade one students should learn
mathematical language and use it with understanding. Susan assumed that the possibility of
“interchanging” terms (stanza 13a, EG4) was an important teaching strategy to help students
move between familiar language and the mathematics register. By explicitly asking Luke, “What
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are these called?” (EG1) Susan prompted him to focus on the semantics. During the weeks I
spent in Susan’s class, I observed Susan working on many different occasions with the
representation of “ones” and “tens.” Susan knew that her class had a good understanding of that
mathematical concept thus she purposefully and quickly decided (stanza 13a EG8-EG10) to code
switch to the term “rods,” a term she wanted her students to learn (stanza 13a, EG3); the
educator’s switching certainly added new language information for the students. Susan had
explained during previous interviews how all teachers in the school supported each other with
mathematical resources and ideas. Although I did not ask Susan about her own understanding of
the mathematical meaning of rods, I think it is interesting how in terms of intertextuality, which
implies borrowing ideas from others (Gee, 2014), she introduced the new word because “they”
(meaning the other teachers) “use the term in the upper grades” (stanza 13a, EG1). These lines,
indeed this finding, reveal what Susan had manifested previously during informal and formal
conversations. Susan held the figured world (theories or models used to understand the world,
Gee, 2014) of the importance of teaching mathematics for later school learning. Thus, by
borrowing from the upper grade teachers, Susan stressed her views of school mathematics in
preparing children for later school success. I have also argued that Susan purposefully chose to
use the math term (stanza 13a, EG10) due to her perception of how well these students
understood place value, hence, the analysis could indicate that the educator’s beliefs about
students’ understandings of mathematical meanings was intrinsically related to her decisions
about language use.
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Observation 8. In Stanza 14 Susan invited her grade one students to think about terms
that could explain the meaning of addition and subtraction. Stanza 14a shows Susan’s response
when prompted to explain the rationale for encouraging children’s mathematical talk.
Stanza 14 (in the math class)

Stanza 14a (educator’s video recall)

Every morning, the educator and the children

R: In these clips, you wanted children to describe

read aloud a math story problem that was

math terms and their meaning Why was this

written on the whiteboard. After deciding what

necessary?

the clue words of the story problem were, the
teacher wrote the equation on the white board.

EG1: I think
EG2: they need to be able to show

EG1: Ok, let’s read the story one more time;

EG3: that they understand what it means,

EG2: I want you to tell me

EG4: and they have the concept

EG3: what are the clue words here that tell you

EG5: of what that term, subtraction, means

EG4: if it is an addition story or a subtraction

EG6: and what addition means

story…

EG7: and use all different ways so they can explain

EG5: What does addition mean grade one?

that

Joe?

EG8: and they can talk about that.

Joe6: going backwards…

EG9: There is purpose there

EG7: Addition…

EG10: because I need to know that they understand

Joe8: forward?

that.

EG9: Forward...It means….
Joe10: ahhhhmm…
EG11: Going forwards…what’s another word
for it?
Joe12: pluses…
EG13: pluses…
EG14: Can someone tell me another word for
addition?
EG15: Going forward, pluses…. what’s
another word? Jill?
Jill16: Counting on
EG17: Counting oooon
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Mary18: the numbers getting bigger…
EG19: The numbers getting bigger, adding…
EG20: Good job you guys!
EG21: What does subtraction mean?
EG22: What happens when we subtract?
Lucy23: It’s not the same number…it goes
down…
EG24: It goes down, the number gets dooown
EG25: what’s another word for getting down?
Luke26: minus...
EG27: Minus! What’s another word for going
down?
EG28: Going down, minus…any other word?
Julie?
Julie29: take away!
EG30: Take away…
EG31: and what’s another one,
EG32: someone was just about to say it...
EG33: I heard the word counting..
Sean34: Counting back
EG35: Counting back…
EG36: and that is one of our strategies…
EG37: counting back, exactly.

During the weeks I spent in this classroom, I had the opportunity to observe that these
grade one students had repeated experiences with addition and subtraction story problems as well
as with various tasks that involved working with these two operations; stanza 14 reveals the level
of terminology to which these children have been exposed. Stanza 14 and 14a reveal Susan’s
belief in providing children with an opportunity to share their understanding (in this case of
addition and subtraction) as well as to make connections between the story problem and
previously taught ideas.
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When mathematical talk occurred during this session, Susan and the children moved back
and forth in their oral exchanges between mathematical expressions and the mathematics register.
During the whole session, Susan code switched to terms like “addition,” “subtraction,” “plus,”
“counting on,” and “take away” effortlessly, mostly I believe, because of her perception of
students’ understandings of those terms. Susan also code switched when she repeated students’
mathematical expressions such as “pluses,” (EG13), “counting on” (EG16), “take away” (EG 30)
and “counting back” (EG35). In all these circumstances, Susan validated children’s knowledge
by using an ascending tone (indicated in the stanza by underlining words) and by providing signs
of empathy through expressions such as “Good job, you guys!” (EG20).
What I found quite interesting was Susan’s focus on defining the terms that belonged to
the mathematical register. Susan’s questions, “What does addition mean? (EG5) and “What does
subtraction mean?” (EG21) and later on “What’s another word for…?” (EG14 and EG25) invited
students to think about language and, according to her, about mathematics’ meaning (stanza 14a,
EG3-EG6). It is difficult to assess if in these examples students were thinking about meanings
because even though students tried to describe operations in their own ways (i.e., “the numbers
getting bigger,” Mary18), the educator’s focus on the words revealed some mathematics
inaccuracies. For example, in stanza 14, Susan accepted the word “minus,” to explain subtraction
(EG27), whereas minus is the name of the symbol. Similarly, Susan accepted the idea “of
numbers getting bigger as a “another word for addition” (as her questions solicited) when rather,
it describes a property of addition of natural numbers. Although I cannot determine if these types
of inaccuracies could confuse (or not) children’s understandings of math terms and their
meanings or not, I contend that the educator’s perception about the association between language
and meaning certainly impacted the ways math was talked about in the classroom.
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Summary of Findings
This descriptive case study of a grade one teacher’s use of language in mathematical
activities provides a close look at Susan’s talk particularly in relation to this study’s research
questions: (a) how do educators understand and view language in mathematical instruction? and
(b) what is the evidence of code switching, if any, between the language of instruction and the
mathematics’ register. Below, I provide a summary of emerging ideas; these ideas will be further
discussed in the discussion chapter that follows.

Susan’s understandings and views of language in mathematics instruction. The
analysis revealed that Susan believed that students at this grade level should learn the language of
mathematics. Susan also considered that understanding math language was also a priority in her
class. Susan considered that her teaching role was fundamental in guiding her students to learn
mathematics meaningfully. During the weeks I spent in her classroom, I observed how Susan
was consistently (throughout the whole day) asking, recalling, and rephrasing mathematical
questions to prompt her students to think and talk mathematically. The analysis also shows how
during the math lessons, she led the majority of the activities and that she used the mathematical
register consistently. Susan explained that all that talk was necessary, including talking aloud her
own thinking processes, to help students understand the meaning of the concepts involved. Susan
certainly saw language and meaning as intrinsically related, and viewed her own talk as a
fundamental teaching tool to support students’ mathematical understandings.
Susan’s students have been intensively exposed to number sense concepts and have had a
large amount of practice with the language involved within this domain. Susan knew this well.
Different stanzas showed how she continued to move her students along in their mathematical
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learning by providing new math definitions (i.e.,“This is called making-ten,” stanza 10, EG21),
and/or by asking her students to think about math terms (i.e., What does subtraction mean?”
stanza 14, EG21).
In her statement about students “transferring” meanings they already understood to new
mathematical terms, she revealed the view that math is constructed within a trajectory. Within
that trajectory, Susan argued that students should construct mathematics language understanding
by using, as well as by being exposed to, language they already knew and related to new math
language. She explained this back and forth movement as an “interchanging” of terms (stanza
13a, EG4) and she stressed it as an important teaching strategy.

Evidence of Susan’s code switching between the language of instruction and the
language of mathematics. By January, these grade one students had been intensively exposed
to the number sense mathematical register. As a result, the stanzas indicate that Susan code
switched many times to the math register and that children were requested to focus on terms such
as “addition,” “subtraction,” “plus,” “counting on,” “take away,” “number combinations,”
“amount,” and “equal” as well as on mathematical expressions such as “equal to,” “two numbers
that make…,” “how many more,” “first equation,” or “combination for what number?” In those
pieces of language the switch to the math register seemed effortless for the educator. However, if
Susan perceived that she needed to explain the meaning of math terms to her students, the flow
of the conversation was broken. In those cases, and in an effort to uncover the mathematical
meaning, I observed two different approaches: Susan code switched between math terms, for
example, she explained “addition” through the term “plus,” or she code switched to everyday
language and used terms she perceived were “easier” for the children, such as the term “the
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same.” Many of the stanzas showed how Susan moved consistently back and forth between the
register and terms with which children seemed to be familiar and how Susan tried to construct
what I have described as bridges of meanings between those terms. Code switching then emerged
in an effort to support students’ understandings of mathematical meanings as well as in an effort
to support the flow of the conversation; Susan considered this back and forth movement as a
necessary scaffolding process.
A break in the conversation also occurred when Susan perceived that she needed to give
new conceptual information to her students. In those scenarios Susan also asked for meaning
explicitly (i.e., what does equal mean?). Such breaks certainly led Susan to focus on the
semantics of the math register and invited the class to think about language and meaning. In
general, Susan extended students’ responses to the questions of meaning and made the choice of
switching or not based on what she perceived her students had learned up to that time of the year
in her class, or based on what she perceived about individual students’ abilities. Scheleppegrell
(2007) has indicated that learning the language of math is not just learning words and specific
terms; rather, it is learning about a complex semantic system with a particular way of signifying
(p. 141). In the analysis of the stanzas, I have highlighted how attention to language and math
content emerged together, and I contend that in Susan’s class efforts were made to expose these
young students to the intrinsic relationship between math words and their meanings.
The analysis reveals that Susan code switched when she re-voiced (Moschkovich, 1999)
the students’ ideas and actions, and when she made her own actions explicit to the class. Susan
also code switched to the math register to stress what she perceived students might be thinking.
Overall, Susan explained that her choices of language had a purpose and that she was generally
aware of the switches she made.
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To conclude, I have provided the reader with a description of the grade 1 classroom
context. This close examination has served as a frame to support the analysis of the situated
meanings (Gee, 2014) of the language used by the educator while she was teaching number sense
to her grade one students. In the next chapter, I will discuss the findings that have emerged from
the cross case analysis of the educators’ talk in three classrooms that participated in this study.
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Chapter 7: Discussion
This chapter centers on the intersection of the findings that emerged in this study with the
theoretical frameworks considered in the literature review. I examine how the findings of the
study have allowed me to answer my research questions (a) How do educators understand and
view language in mathematical instruction? and (b) How and why do educators code switch
between the language of instruction and the mathematics register? I propose that the findings of
this study serve to demonstrate and stress the role of language and code switching on the
teaching (and learning) of mathematics during the early years of mathematics instruction.
Three educators (one from preschool, one from kindergarten, and one from grade one)
from an Atlantic province in Canada were invited to participate in the study. The educators
participated in an initial interview, five videorecorded sessions, and a recall interview after each
of the video sessions. To better understand the spoken language used by the educators when they
taught mathematics, I explored and analyzed the classroom contexts where these educators taught
through an instrumental case study approach (Stake, 1979, p. 437). In addition, I conducted
discourse analysis to explore and understand the spoken language used by the three educators as
they taught aspects of number sense in their classes.
I have organized this discussion under four main headings: (1) Educators’
understandings and views about language in mathematical instruction; (1a) Inside-outside
mathematics; (1b) Mathematics meanings; (1c) Language as a mediator of meaning (English, the
language of instruction: a tool used to communicate mathematical meanings; and English, the
language of instruction: a tool used to mediate mathematical meanings); (2) Code switching
between the language of instruction and the mathematics’ register; (3) Language Choices; and
(4) Summary.
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Answering Research Question One
Educators’ Understandings and Views about Language in Mathematical Instruction
To respond to the first research question, how do educators understand and view language
in mathematical instruction, I have identified the following themes: (a) Outside—Inside
mathematics; (b) Mathematical meanings; and (c) Language as a mediator of meaning. Below I
present an in- depth discussion of each these themes.

Outside-inside mathematics. The three educators who participated in the study
expressed their view of the language of mathematics as being an abstract and extremely complex
entity. This was mostly evident during the interviews with the preschool and the kindergarten
teacher who argued that their students’ ages and their cognitive development were certainly
obstacles to comprehend such abstraction. In particular, the three educators held the view that the
mathematics’ register belonged to an outside math authority that has nothing to do with the ways
math must be delivered in the early years classroom. I define this view as the outside
mathematics perspective, as though it was perceived to exist outside the boundaries of the early
years school classroom. Emily (the kindergarten teacher) strongly voiced this idea when saying,
“Even as an adult learner I do not always understand the far reaching tentacles of mathematics…
it’s sooo vague and we don’t really know what that means” (Initial interview, 2015). I define the
inside mathematics perspective as one that happens within particular classroom math practices.
This idea about mathematics had been previously introduced by Pimm (1987) and
Halliday (1978), who articulated that the technicality or the specialist terms that belonged to the
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mathematics’ register are generally perceived to be void of any meaning in ordinary language.
Scheleppegrell (2007) explained that the mathematics’ technical discourse or the mathematics’
register, implies particular modes of argument, the use of particular grammatical ⎯patterns such
as dense noun phrases⎯ and the use of specific terms. Moreover, the mathematical discourse
implies talking about imaginary things as well as “visualizing things that might not exist in front
of our eyes” (Moschkovich, 2007, p. 28).
Pimm (1987) suggested that there is a general perception that mathematics has been
developed by mathematicians to meet the needs of expert users (p. 59). However, my study is
supported by the belief that there is more than one type of mathematical discourse and practice,
and that these practices vary socially, culturally, and historically (Moschkovich, 2002). I argue
then that the issue arises because the register of academic mathematical discourse enters the early
years classroom mathematical discourse and educators feel the pressure of having to
communicate this mathematics they perceived as an outside entity. Overall, these educators
framed the early years mathematics discourse within the idea that mathematics should be taught
concretely and with what they described as “hands-on” teaching approaches. Hence, the
perception of mathematics and its language as abstract entities is certainly exposing the view that
the conventionality of the register produces a contradiction with the figured worlds (cultural
models or schemas, Gee, 2014) and the Conversations (arguments or debates that are from a
particular group, Gee, 2014), that these educators hold in relation to early years mathematics
education. As a result of this perceived dichotomy, I reason that efforts were made by the three
educators to make mathematics and the language that conveys its mathematical meanings
reachable for students. I certainly agree with Moschkovich (2002) that these efforts impact the
pedagogy of math; I also contend that in an effort to create a link between outside and inside
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mathematics, the educators created particular discourses for their early years mathematics
classrooms that matched the needs of their students.
The analysis of the stanzas revealed that sometimes the educators made these efforts and
accommodations with a clear pedagogical purpose; other times, decisions were made based on
what the educators perceived or sensed was best for their students. That was the case described in
the kindergarten observation 4 when Emily (the kindergarten educator), explained her perception
of the term “equal” and justified the use of term “the same” despite the fact that the curriculum
document required the use of the term “equal” when inviting students to compare sets (Stanza4a,
EK21- EK22).
The educators clearly understood that the formality of mathematics and the mathematics’
register had to be taught. Although the three educators explicitly indicated their beliefs about the
importance of children’s own exploration of mathematics, they all relied on direct teaching
approaches during mathematics instructional time; in those opportunities, the educators led the
sessions, talked a lot, and expected their students to follow them: “Is it teacher-directed? Yes it
is, a little bit...our whole program is not teacher-directed but there are some parts that are just a
little” (Carol, Initial interview, November 5th, 2015).
Although it is difficult to confirm if these educators relied heavily on direct teaching approaches
to prove their teaching abilities in front of the video camera, my extended presence in these
classrooms allowed me to observe that this contradiction was also evident in other areas of
learning. Hence, I claim that direct teaching was the way math was usually taught by Carol,
Emily, and Susan particularly when a new math idea was taught during what they called
instructional or teaching time.
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On various occasions during the initial interview and the video recall sessions the
educators explained their values and beliefs about the language of mathematics by referring to
the larger teaching community: “I think it is too abstract; we are doing it, but we are not saying
the words (Preschool, Initial interview); “We work so much concretely or try to work concretely
in kindergarten” (Kindergarten, Stanza 1a, EK16-EK7); “We need to provide them with the
language” (Grade1, Stanza 7a, EK23-Ek25). The use of the pronoun “we,” by the teachers could
indicate generality, as “we, all teachers;” it can also mean that the responsibility to do things was
somehow shared by “attempting to make it a collaborative venture” (Pimm, 1987, p. 68). The use
of the pronoun “we,” seemed to also indicate that no further explanation was necessary and that
the educators were supporting themselves by invoking their membership in a larger community
that provided a rationale for the ways particular mathematical practices were conducted in the
early years classrooms.
This idea about an external mathematics authority was also evident in statements such as
the one Carol made during the initial discussion interview: “If I went to a workshop and
somebody explained that children at this age are capable to understand the words “equal, “plus,”
and “minus,” then I will use them” (PreK, stanza 2a, EP 25-EP27). Similarly, other practices
indicated that the use of the math register was only considered because it was perceived as a
requirement for further school learning. The analysis also revealed that in some cases, the
educators explained their practices by alluding to others as a point of reference. In those cases,
the use of the pronoun “they” suggested a practice that was adopted because others had said it
was important and therefore there seemed to be a perception that no further justification was
necessary; for example, in stanza 12a, when I questioned Susan about her use of the term “rods”
she explained, “Well, because they use that term in the upper grades” (EG1).
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Mathematical meanings. To explain the educators’ views about the role of language as
a meditator of mathematical meanings, it is important to first describe these educators’
understandings and perceptions about “meaning” in mathematics education.
Supported by their view of mathematics as an outside and abstract entity, the educators
agreed that mathematical meanings were sometimes hard to explain and that it was very difficult
to teach the meaning of particular math ideas; for example, the meaning of equality (PreK, stanza
9; K, stanzas 4, 5, and 6; Gr1, stanzas 3, 4, and 5). In general, mathematical meanings appeared
to be mostly described by these educators as math concepts (for example, patterns, addition,
number, quantity) and as particular mathematical actions (i.e., counting, grouping, combining,
taking away) that students were expected to learn and understand. From a semiotic perspective,
mathematics is a system that involves particular signs and particular ways of doing and acting
(Chapman 2003; Scheleppegrell, 2007). Chapman explained that a sign has two sides: the
signifier (for example the numeral “3”) and the signified (the meaning of the numeral “3”, that is
1, 2, and 3). Carol, Emily, and Susan (the educators who participated in this study), certainly
understood that math meanings were carried by signs such as “5,” “+,” “ =,” “

,” or “ 3+4 =

1+6;” they also concurred that math meanings were carried by particular actions such as “taking
away,” as well as by the language of math.
Vygotsky (1978) explained that an intrinsic relationship exists between signs and the
process of meaning making of those signs; learning mathematics implies interpreting that special
relationship and transforming those signs into thoughts. The analysis of the stanzas showed that
in all math sessions, the educators focused heavily on teaching and helping their students to
interpret, or make meaning, of the mathematics’ sign system. As Susan, the grade one educator
explained, “I want them to understand…you can GIVE ME the answer, but that is not really what
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I am looking for; I need to know how did you get that answer” (Initial interview, January 5th,
2015).
As previously described in the review of literature, the interpretation or meaning making
of the mathematics sign systems is also understood by semiotics as the process of signification
(Chapman, 2003). This constructivist idea frames my study and provides a strong rationale for
pedagogical practices that challenge students’ active construction of mathematical meanings.
Emily, Carol, and Susan talked about the importance of children’s active explorations and
worked on helping students to interpret math meanings through a variety of experiences, the use
of concrete materials, and the strong consideration of their students’ previous knowledge. The
cross case analysis of the stanzas shows that in an effort to reveal mathematics’ meanings for
their students, the educators used different layers of representations such as actions,
manipulatives, drawing, a large number of visuals displayed on the walls, as well as printing in
grade one. These educators viewed that in the inside mathematics (the classroom mathematics),
students’ practice with these different layers of representation made mathematics meaningful,
and they considered that meaningfulness was fundamental for young students’ processes of
mathematics interpretation. The educators also agreed that mathematics was meaningful for
young learners if students could see it and manipulate it with concrete materials. As Susan
pointed out: “They need to be able to see it…they need to be able to have the experience, not just
sitting down with paper and pen but to be able to use manipulatives, and to take the time to
explain themselves” (Initial interview, January 5th, 2015).
Surely, these types of statements showed the strong ideas held by these educators on
helping their students to link mathematics with real experiences that they believed could enact
student’s mathematics meaning-making. These ideas align with previous research
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(Scheleppegrell, 2007), which explained that students’ experiences with mathematics’ sign
systems, including its concrete level (for example, five apples) is fundamental to help students
construct mathematical meanings. The preschool and the kindergarten educators also agreed that
students’ engagement and “having fun” appeared to be fundamental for assessing
meaningfulness in mathematics teaching: “If they are interested, that’s fifty percent of your job
done already,” said Carol, the preschool educator. She continued: “For example, the children
think they are playing bingo, and they are having so much fun playing bingo, but what they are
really doing is matching numbers” (Pre-k, Initial interview).
However, as I previously explained in this chapter, there seemed to be a contradiction
with the educators’ view of meaningfulness in mathematics teaching and learning, and the
extensive direct teaching experiences (particularly during the time that was understood as
“instructional time’) that these young students were exposed to, so they could learn the
“meaning” of new mathematical ideas. In some cases the educators explained their direct
teaching approach as “modeling:”
I like to have some modeling, doing some teacher-directed things but then letting
children have the chance to explore and work with things out too…At the beginning,
when you are introducing all these topics, there is a lot of direct teaching that has to come
along with it, even just little things like counting (PreK, Initial interview, October 7th,
2015)
Pimm (1987), suggested that teachers usually have to face demanding mathematics
teaching expectations, particularly because school mathematics relies on a trajectory that looks at
students’ further achievements. Adler (1998) discussed this same point as one of many math
teachers’ complex demands (p. 25). The analysis revealed that the three educators held the
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figured world (Gee, 2014) of the importance of teaching mathematics for later school learning
and in preparing children for later school success. As Carol stated, “We know that they are
moving into school and if they can have a little experience [with math] before going, we are not
going to hurt them” (stanza, 8a, EP7-EP9)
This rationale could perhaps explain the intense focus on “teaching” the math (so to
achieve expected outcomes) with a heavy reliance on the teacher’s modeling and talking. This
approach to teaching could also be explained by these educators’ understanding that certain math
abilities needed to be taught to students. In regards to this point Emily explained:
There is a lot of direct teaching that has to come along with it, even just little things like
counting, teaching children that, you know? I had this conversation with our numeracy
coach last year, that it was okay to teach children to move things as you count them, and
we talked about modeling and explicitly teaching children… and that it is okay to do
that…there is still that direct teaching that needs to happen. (Initial interview, October
7th, 2015)
However, although this pedagogical view is supported by previous research (Clements &
Sarama, 2009) it has little to do with children only observing, listening, and repeating what their
teachers said. I question then if students’ active construction of math meanings were considered
by the educators, particularly during math instructional time.

Language as a meditator of mathematical meanings. One of the findings which
emerged from the cross case analysis, revealed that these educators viewed their use of
language in math activities and their math talk as fundamental for students ’ mathematical
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learning and understanding. I have entitled this theme, language as a meditator of mathematical
meanings. As previously stated in the literature review, I understand language (a) as a tool that
communicates mathematical meanings (Vygotsky, 1978); and (b) as a tool for meaning making
(Saussure, 1983; Vygotsky, 1978). Below I describe how these two aspects of language emerged
in the cross case analysis.

English, the language of instruction: a tool that communicates mathematical
meanings. Because the study was conducted in classrooms where English was the language of
instruction, it is obvious that English was the vehicle that educators used to communicate
mathematics. However, I believe it is important to describe how the use of English unfolded.
Carol, Emily, and Susan considered that their talk was a tool that could carry, explain, and
uncover mathematical ideas for students: “There is a lost opportunity if there is no chance to talk
about it, because there is so much learning happening in the talking about it” said Carol the
preschool educator (stanza 3b, EP4-EP7). This belief aligns with the Vygotskian (1978)
perspective that language communicates meaning. These educators used English terms and
English math expressions to question, explain, describe, pass along information, explain
students’ thinking, answer for their students, and define mathematics; expressions such as “How
do you know?” “We are going to borrow from here,” or “This is how we call these dots” were
commonly used. The educators also used much repetition and reworded the meanings of words
multiple times; additionally, the analysis shows that Carol, Emily, and Susan did most of their
talking during math instructional time. In previous studies (Adler, 1998; Moore, 2002;
Salehmohamed & Rowland, 2014), the teachers also discovered they talked quite a bit during
math classes, and although they felt that explicit teaching was needed, they viewed their talking
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as something negative. However, when I questioned my participants about this point, they all
agreed that sometimes extensive teacher talk was, as Emily pointed out, “absolutely” necessary.
The educators concurred that because of their students’ limited vocabulary and limited abilities to
explain their thinking, they had to explicitly teach the meaning of English terms that
communicated math. As a consequence, they often needed to talk extensively. A clear example
of this point was explained by Emily when she stated:
He was trying to tell me something but didn’t have the language and I couldn’t visualize
what he was trying to tell me..So I decided to follow up on that and do a language activity
because I think it was more language than the math part. (K, stanza 7b, EK3-35)
The educators in my study agreed with the perception that their young students needed to
learn the meaning of math related English terms and expressions, and they perceived that their
explicit teaching and talking were fundamental to achieve that. This finding aligns with a
previous study (Setati, Adler, Reed, & Bapoo, 2002), where students were learning mathematics
in an English as a second language class and teachers felt that their explicit teaching and talking
was fundamental to achieve students’ learning.
As the analysis of the stanzas revealed, educators found themselves many times in a
crisscrossing of discourses (Adler, 1998) in which they faced complex decision-making
processes that guided them to make language choices. For example, when I questioned Susan
(the grade one educator) to explain her use of the terms “number sentence” and “equation” in the
same activity (stanza 2), she explained her perceptions, her thinking, and her choice as follows:
“That was a conscious choice… I was consciously trying to make that connection between the
terms “number sentence,” and the term “equation” (stanza 2a, EG1-EG4). I contend that most of
the time, these educators’ perceptions of young learners’ understandings and abilities supported
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their language choices. In the following example, the analysis shows that to communicate
mathematical meanings, these educators generally used English terms that they believed were
familiar to children, or that they thought children already knew: “And you heard him saying
‘medium’, so then I introduced that word… I am not sure if I would have brought it up but since
he did, we dealt with that” (PreK, stanza 3a, EP13-EP15).
Carol, Emily, and Susan held the idea that because the language of math was too abstract
for their students, their talk had to be “paired” (K, initial interview) with other layers of
representation, such as actions, manipulatives, visuals, or printing: “I NEED to tell them what my
thinking is while I do it and model that [operation] many, many, many times, in order for them to
understand” (G1, stanza 10a, EG35-EG37)

English, the language of instruction: a tool that mediates mathematical meanings.
Teachers’ math talk needs to be both visible and invisible for students to comprehend
mathematical meanings (Mercer, 1995). This idea of language visibility and invisibility (Adler,
1998) certainly aligns with Vygotsky’s (1978) and Saussure’s (1916/2011) understanding of the
signified meanings carried by sign systems; language then has a visible aspect (what is being
said) and an invisible one (what it means).
Carol, Emily, and Susan explained that teaching the mathematical meanings carried by
mathematical terms and mathematical expressions was a complex task. The stanzas showed that
these educators’ perceptions of students’ abilities and their view of mathematics as an outside
authority, certainly impacted their ways of talking and mediating the math. As described in the
literature review, both math and language are complex sign systems; the language of
mathematics and its register intersects within those layers of complexity, and in the classroom,
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becomes an object of learning that also needs to be taught (Adler, 1998, Chapman 2003;
Moschkovich, 2010; Pimm, 1987; Scheleppegrell , 2007). Pimm described this complexity as
teaching the “language within a language (p. 74)
A study conducted by Adler (1998) in a secondary English as a Second Language (ESL)
mathematics classroom, showed that math teachers had a dual task; they faced the major demand
of continuously needing to teach both the math and the English at the same time. I found that this
was also the case in the early years education classrooms where I conducted my study, as the
educators certainly felt the expectation of having to teach the semantics of the mathematical
register for their young students as well as teaching the English terms. Expressions such as,
“How am I going to articulate that?” “I haven’t figured out the key in terms of language;” or “I
was thinking that I have to give him the word for that” are examples of this complex teaching
decision-making process. Carol, Emily, and Susan agreed that to help their young students to
understand the semantics of the language of math, they had to start from language that children
already knew or with which they had prior experience. These educators then tried to help their
students move within the boundaries of what they explained as familiar talk, towards what they
understood as the formal language of the outside math. For example, when I asked the educators
about using a term like “equal” to signify equal relationships, they all argued that the term “the
same” was familiar for their students thus the mathematical meaning was easier to understand
(PreK, stanza 9b; K, stanza 4a; G1, stanza3a).
Of interest were these educators’ views about the relationship between math language and
math meanings, which on many occasions they described as concepts. While the stanzas revealed
that Susan, the grade one educator, appeared to see this intrinsic relationship, that was not the
case for the preschool and the kindergarten educators. Susan explained that talking
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mathematically (using the math register, its terms, and expressions) helped her and her students
to express their math thinking (stanza 10a, EG30-EG35; stanza 14a, EG1-EG10), which I argue
referred to their math meaning-making processes, their thoughts, and understandings. “Counting
on?” she said when explaining a student’s response; “That’s good language there, but how are we
counting on?” Susan stated that her math teaching strongly focused on students explaining their
thinking (initial interview); this type of statement could explain how she saw the intrinsic
relationship between thought and words.
On the other hand, that was not how Carol and Emily understood this intrinsic
relationship. In different circumstances, Carol and Emily explained that because of the ages of
their students, it was more important to teach the meaning rather than the math words as if they
existed separately. Overall, Emily and Carol pointed out that in their classrooms, teaching math
meanings was conceived as more important than teaching the language that conveyed its
signification.
Likewise, Emily explained her belief many times that teaching the language of math
was not her priority, and that her teaching was mostly focused on her students understanding the
meaning of math concepts. Furthermore, she also stated that teaching the language of math for
her implied having to do “lots of teaching” because the language was hard to explain since her
young students did not have any experience with it. Teaching the math register was somehow
perceived as a complication: “We are doing it [the math],” claimed Carol, “we are just not saying
the words” (Initial interview). Surely, the focus was on children experiencing math through
different layers of representation, though the register was conceived somehow as separated from
it. The analysis shows that within their complex processes of language decision-making, the pre-
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K and Kindergarten educators often decided that to avoid students’ confusion, they focused on
“building up” from what students already knew.

Answering Research Question Two
To respond to the study’s second research question I considered the following emergent
themes: (a) Code switching between the language of instruction and the mathematics’ register;
and (b) Language Choices.

Code Switching Between the Language of Instruction and the Mathematics’ Register
As explained in the literature review, code switching refers to the practice of moving back
and forth between two languages. With the understanding that mathematics has its own language
and register, this study focused on the code switching practised by three educators between the
language of instruction and the math register while teaching mathematics to young students. It
seemed obvious to expect that in school mathematics activities, educators were going to talk
mathematically and use the particular register that carries mathematics meanings. Hence,
drawing from the theoretical idea of code switching, the purpose of this study was to explore how
switching to the math register happened, and why the mathematics register entered the educators’
talk.
The study was framed within the understanding that the mathematics’ register implies
more than the use of words but also meanings; thus, when the register entered the discussion, the
math content also did (Pimm, 1987). The idea that the ability to communicate mathematically
(Pimm, 1987; Setati, 2008; Zazkis, 2000) is essential to learning school mathematics was central

182
to my study; thus exploring how educators communicate mathematics to students in their initial
years of schooling appeared as fundamental.
The cross case analysis shows that the three educators decided on different language
choices as they talked to their young students, and that within those choices they chose to switch
or not to switch to the mathematics’ register. I draw the idea of “to switch or not to switch” from
Adler (1998, p. 25), who explained that math teachers in English as Second Language (ESL)
classes faced this dilemma when they debated about assuring students’ English proficiency
versus assuring students’ mathematics understanding. Although my study was conducted in
monolingual classrooms, the similarities with Adler’s findings are striking, as my participants
explained that they often faced the dilemma of deciding between using the mathematics register,
or ensuring that their young students understood a particular mathematics concept. Carol’s
statement certainly highlights this idea:
I feel it is more important that they understand the concept than the words… the concept
that this many and this many is still the same amount when you put them together…Do
they really need to know about equals and minus? (Initial interview, 2015)
The analysis reveals how Carol, Emily, and Susan made purposeful efforts to maintain
the flow of the conversation despite their perceptions of students’ ages and limited linguistic
skills. Macaro (2005) has explained that when a new language is being taught, teachers and
students need to sort out whether they understand each other so they can assure fluidity in the
conversation. The same idea seemed to emerge when my participants discussed the mathematics
register, and their dilemma of facilitating the communicative processes for their young students.
Overall, the analysis revealed that Carol (the preschool educator) and Emily (the kindergarten
educator) wondered if by switching to the math register they could ensure a good flow of
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communication. However, their main focus concerned whether or not the use of the register
could facilitate their students’ mathematics understandings and meaning-making processes. On
the other hand, Susan, as a grade one educator, believed that breaks in the flow of the
conversation and in her extensive talk were necessary to ensure that students could move back
and forth between familiar language and the new math terms that she explicitly taught.
The analysis indicated that in most stanzas the three educators only code switched to the
mathematics register if they perceived that students did have a certain level of familiarity with
the math terms and their meaning. As Emily explained:
I don’t use the word sets, I barely use it because...I think that “groups” is a word that
children already have an understanding of, they understand that “this is a group of this,”
and “this is a group of that… and is language they are already familiar with. ”(Stanza 2b,
K, EK1-EK8)
Therefore, the educators chose to switch to the math register in their talk if they sensed
that previous everyday or previous school experiences (in the case of grade one), could assure
both the fluidity of the conversations but even more importantly, the students’ mathematics
meaning-making process. Familiar language and the students’ language experiences outside of
school appeared to be highly valued by the preschool and the kindergarten educators (for
example, pre-k: stanza 9b; k: stanza 2a), while school experiences appeared to be more important
for the grade one educator (for example, gr1, stanza 13, and 13a). Familiarity appeared also to be
linked by these educators to language that was described as “easier,” “simple,” and “basic.”
Carol, Emily and Susan code switched to the mathematics register when:
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(a) they talked about numbers and used expressions such as “how many,” “how many
more, “count,” “counting,” “counting on,” “amount,” and “number combinations” (this last
expression used only in grade 1);
(b) they talked about number words such as “one,” “two” “ten;”
(c) they compared sizes, amounts, and weight and used terms such as “more than,” “less,”
“big,” “small,” “more” “heavier,” lighter,” “tallest,” and “shortest;”
(d) they talked about regularities and used the term “pattern;”
(e) they talked about “groups;”
(f) they had to “wrap up” information presented (i.e., “That’s a pattern!;” pre-k, stanza
10); and
(g) in grade 1 when Susan talked about sets and changes in a set, and used terms like
“division,” “addition,” “subtraction,” “equal,” “double,” “take away,” “plus,” “number
sentence,” “equation,” “equal to,” “two numbers that make,” “combination for what number?”
During the analysis of the stanzas, I explained how the code switching to these terms was
effortless and how the dialogue continued smoothly. I contend that the educators’ perceptions
about students’ prior experiences (experiences that indeed they seemed to have) and familiarity
with these particular terms impacted the ways the math register entered those conversations.
Carol, Emily and Susan also code switched to the mathematics register when:
(a) they re-voiced students’ ideas (i.e., “when I am counting this way, I am counting
forwards;” K, stanza 15);
(b) they explained and then checked students’ actions and thinking (i.e., “you are
thinking-ten right?;” G1, stanza 9);
(c) they explained their own actions (i.e., “Should I cut this one in half ?” PreK, stanza 1);
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(d) they used contextual clues (i.e., “Daniel is saying that he saw a square (tracing a
square on a card), (k, stanza 2)
(e) they provided new math information (i.e. “This is called making ten” (G1, stanza 11);
and
(f) they chose between terms that belonged to the math register (i.e., “When you were
making the patterns—the groups with your counters, were some groups easier to make than
others? K, stanza 14).
Some of these forms of code switching align with previous studies where code switching
was investigated in ESL classrooms (Adler, 1998, 1999; Macaro, 2005; Moore, 2002;
Moschkovich, 2005; Salehmohamed & Rowland, 2014; Setati, 1998; Setati & Adler, 2010).
Similar to those studies, the mathematics register entered the conversations through a stress in the
educators’ intonation as well as many repetitions of the same term or expression. In alignment
with a study conducted by Setati (1998) in ESL classrooms in South Africa, the analysis shows
that these forms of code switching mostly occurred to clarify and further explain content, as well
as to provide new mathematics information. In general, during these forms of code switching I
sensed that the smoothness of the conversation had to be broken, as carried meanings needed to
become “visible” (Adler, 1998) for the children. The educators’ efforts seemed to be
concentrated on those opportunities as the meaning carried by particular terms was explained,
described, and “paired up” with different layers of representation. Overall, the data shows that
these “semantic breaks” (Moore, 2002) happened more often in the grade one classroom as Susan
held the belief that she needed to “interchange” (stanza 14a) the use of terms students knew, and
frame that understanding towards the use and understanding of the mathematics register. During
those breaks it appeared that the educator’s use of language became what Turnbull and Arnett
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(2002) described as the entrance point for meaning negotiations; Vygotsky (1978) also explained
these spaces when he discussed the zone of proximal development (ZPD) and the role of
language within the negotiation of meaning. According to Moore (2002), “these negotiations
open the path for mutual adjustments” (p. 281) and as he pointed out, some sort of modifications
then happened in the flow of the speech and the structure of the conversation. I claim that this
crisscrossing of language and meaning provided educators with the possibility to integrate,
differentiate, and make pedagogical choices, particularly in relation to scaffolding their students’
understanding. In that sense, as Moore (2002) stated, code switching could be discussed as an
“adaptation process” (p. 290) for students’ meaning-making processes; I extend this idea and
suggest that code switching could also be considered as a scaffolding tool that might assist
educators in their pedagogy of mathematics.

Language Choices
I have explained the dilemma faced by these educators when they had to decide if a
switch to the mathematics register could facilitate, or not, students’ mathematical meaningmaking processes. This dilemma challenged educators to make choices about language, and as I
previously stated, these language choices were strongly rooted in their perceptions of children’s
previous experiences with math and with the math register, their view of mathematics and its
register as an outside entity, and their view about young children’s abilities and English
vocabulary limitations.
Pimm (1987) compared teachers’ language choices with the purposeful moves a chess
player makes (known as gambits, p. 66). Pimm explained that many teachers’ classroom
language decisions are made consciously, and suggested that a focus on exploring these language
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choices could bring awareness of how they impact pedagogy. When talking about language
teaching Levine (2011) stated that “everything that happens in the classroom proceeds from the
choices we [the educators] make” (p. 35).
Within their language choices, Carol, Emily, and Susan decided both to code switch at
times, but at other times, not to code switch to the mathematics’ register. In general, the analysis
of the stanzas revealed that the preschool and the kindergarten educators expressed a preference
to avoid the mathematics register (i.e., “I don’t know if you noticed but I didn’t say less” (PreK,
stanza 1a) while the grade one educator believed that it was necessary to code switch to the
register, but mostly to move students back and forth between the register and the math terms with
which students had experience.
In the instances in which the educators’ language choices led to the avoidance of the math
register, mathematics entered the conversations through educators’ code switching to:
(a) protoquantitative terms (Restnick, 2000) (i.e., “a little more,” PreK, stanzas 6 and 7);
(b) everyday language (i.e., How many we will need to borrow from that five to make
that nine a ten?” G1, stanza10); and
(c) the educators’ explanation of how to do mathematics (i.e, “ a pattern repeats over and
over again,” K, stanzas 9 and 10).
The decision of “not to switch” (Adler, 1998, p. 25), was also tied to the educators’
extensive talk as they tried to describe the mathematics involved without using the register.
These forms of switching appeared to be used by Carol, Emily, and Susan to bridge the
outside mathematics with their students’ language experiences, and as such, protoquantitative
and everyday terms emerged as valid language tools. The following example certainly explains
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how the educator views the linkage between an everyday term (“took”) with a mathematical
meaning (the idea of subtracting as taking away):
And then I said, “he took two away,” because I thought “well that’s language they
understand, they can say “he TOOK that from me,” so they understand what that “took
away” phrase means…so they can see that I am subtracting. (K, stanza 3b, EK12- EK19)
Adler (1998) suggested that switching to everyday language could be used to make
connections with mathematics when teaching in an ESL classroom. Likewise, in the classrooms
where I conducted the current study, I claim that the linkages made by the educators when using
everyday and protoquantitative math terms (Restnick, 2000) supported their teaching and might
have assisted students in their meaning- making processes.
Developing students mathematics’ communicative competence has been discussed as a
crucial aspect of mathematics learning (Chapman, 2003; Pimm, 1987, Setati & Adler 2000;
Zaskis, 2000). Overall, previous research (Moschkovich, 2010; Scheleppegrell, 2007) had
indicated that to engage students in the journey of developing this competence, educators must
view students’ language as a resource for sharing and constructing further mathematics
knowledge. Mercer (1995) explained,
Teachers are expected to help their students develop ways of talking, writing, and
thinking which will enable them to travel on wider intellectual journeys…but they have to
start from where students are and help them go back and forth across the bridge from
everyday discourse into educational discourse (p. 83).
I certainly argue that this was the case in the educators’ talk analyzed in this study. The
stanzas showed how in many cases by relying on everyday and protoquantitave terms, the
educators worked on respecting and trying to expand students’ valid language experiences and
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knowledge. As Carol explained in stanza 1a: “I think I tend to use “more” because it is
something they have experience with, so I think it is building on what they already have
experience with” (EP15-EP18). However, previous studies (Kotsopoulos, 2002; Setati, Adler,
Reed, & Bapoo, 2002; Zaskis, 2000) had also indicated the view of everyday language in upper
grade school settings as informal and somehow not fully developed. Scheleppegrell (2007) had
even indicated that if students do not use the math in the upper grades, their learning suffers (p.
156). However, I stress that in the dilemma of helping students to move along this journey and
towards the use of the register (so as to develop math competency), students’ previous
knowledge must not be considered as informal, particularly young students’ language. According
to Resnick (2000), “the accumulated body of research on the development of children’s number
knowledge indicates that certain fundamental concepts are normally constructed by children and
are, therefore, available as the basis for future mathematical development” (p. 236). This idea has
been certainly embraced by the latest approaches to early mathematics teaching particularly in
relation to the numeric and quantitative knowledge that young children have (Clements &
Sarama, 2009; Nunes, 2016).
I would also like to discuss how certain language choices seemed to reveal what
Scheleppegrell (2007) presented as mathematics’ grammatical patterning (p. 145). This
researcher stated that “ the development of the mathematics register has to be built from oral
language that moves from the everyday to the technical” (p. 147). Although Carol and Emily
avoided the use of the math register, the three educators revealed the idea that a slight movement
from everyday and protoquantitative terms to the use of the register should be considered in early
math teaching. This was particularly made explicit when Carol, Emily, and Susan discussed the
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mathematical idea of “the same” as a starting point to later teach the meaning of “the same as”
and “equal.” A mathematical language pattern could also emerge between terms such as
“number and digit, ” “groups and sets,” as well as between the expressions “number sentence and
equation.”
Overall, it appeared that the three educators were conscious of these grammatical patterns
and considered them to be tools in their scaffolding approaches. This idea was explained for
example when Susan talked about the use of the terms “number sentence” and “equation:” “I was
consciously trying to make that connection between the terms “number sentence,” and the term
“equation.” … I feel [equation] is a higher level… (G1, stanza 2a, EG2-3G6).
The analysis also shows that in grade one Susan strongly focused on explaining to her
students how to do mathematics and that she also used the register in the form of nouns (i.e.,
“subtraction,” addition”, “combination” “facts” “equation” and “digits”) to convey mathematical
meanings. Hence, the avoidance of nouns by the preschool and the kindergarten educators when
they were teaching math was of interest. Furthermore, when Carol and Emily provided a
rationale for avoiding the use of the register, they mostly referred to the use of nouns (i.e.,
“subtraction,” “equal,” “sets,” “addition.” The analysis shows that Carol and Emily chose instead
to use verbs or terms that denoted the action or the actions of doing math. Such was the case of
terms like “take,” “take away,” “change,” “share,” “borrow,” “to count,” “counting,” “add,”
“make,” and “making.” This language choice appeared to be strongly rooted in these educators’
early mathematics teaching and learning figured worlds (Gee, 2014) and in their beliefs about the
fundamental value of young children doing mathematics. Scheleppegrell (2007) indicated that
the grammar of math often times introduces processes such as addition and subtraction as things
and therefore they are presented to the students through nouns or noun phrases. In a recent
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chapter, Borden and Munroe (2016) advocated for the importance of verbified mathematical
early years experiences for aboriginal children that focus on the active rather than the static
features of concepts (p. 73). Carol and Emily surely seemed to focus on validating their students’
ways of learning and talking math; I questioned then, if verbified mathematics should not be the
focus for all early years math experiences as doing seems to be the best way young students learn
and think mathematics (Clements & Sarama, 2009; Ginsburg, & Golbeck, 2004).

Summary
In this chapter I have provided evidence of how the emerging themes that resulted from
the data analysis, have allowed me to answer the research questions driving this research. I have
explained the educators’ views and beliefs about mathematics and its particular register, as well
as describing the rationale behind educators’ choices to code switch or to not to code switch
between the language of instruction and the mathematics register. Supported by the analysis of
the stanzas, I presented the instances in which educators chose to code switch to the mathematics
register; additionally, I have explained how the educators’ figured worlds about mathematics
impacted the choice of not to switch to the mathematics register. I have discussed how the
research findings aligned with previous studies in a number of ESL classrooms, in which
teachers code switched to students’ first language when children were learning mathematics.
Similarly, I have explained how by not switching to the mathematics register, the educators
relied on young children’s understanding of everyday terms and protoquantitative terms. They
also tended to use verbified mathematics language expressions to facilitate students’
mathematical meaning-making processes. I have also pointed out the presence of a mathematics
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grammatical pattern among everyday terms, protoquantitative terms, and the mathematics
register.
In the next chapter, I will re-examine main ideas that have emerged in light of how three
educators viewed and understood language in mathematics education. I will also point out the
signification that the construct of code switching could have for teachers teaching mathematics
during the early years of formal schooling. Additionally, and supported by a socio constructive
approach to teaching and learning, I will explain the role of protoquantitave and everyday terms
within the mathematics’ register.
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Chapter 8: Conclusions
In this chapter I present a summary of the study, and explain the new knowledge that has
emerged as a result of this investigation. As well, I highlight the impact that language, language
choices, and code switching had on the teaching and learning of mathematics during the early
years of schooling in three research sites. I worked with a preschool, a kindergarten, and a grade
one educator to investigate their views and language practices in mathematics education. Starting
from an understanding that mathematics has its own register, I also examined how and why the
educators code switched between the language of instruction and the mathematics register when
they focused on number sense activities. I used an instrumental case study approach (Stake,
1979) to frame the analysis of language in use (Gee, 2014), and conducted discourse analysis
(Gee, 2014) to explore the educators’ spoken language. I discuss the findings resulting from the
cross case analysis under two main headings in this chapter: (a) situated mathematics; and (b)
code switching in early mathematics education. I also explain the limitations of the study,
propose a series of recommendations for future research, and I finish the chapter with concluding
remarks.

Situated Mathematics
Gee’s idea of language situated meanings (2014, p. 21) is certainly interwoven within a
socio-constructivist perspective that views language as a tool that constitutes and is constituted
by context and practices (Vygotsky, 1978). In that sense, language and practices are continuously
re-constructed and co-constructed by individuals as they interact in particular contexts. The
notion of situated meanings also points out that language does not exist in isolation, rather within
a complex network of systems that are intrinsically interwoven (Adler, 1998; Levine, 2009). This
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is also evident in the classroom, where different sign systems, which are expected to be learned
and taught through language, are crisscrossed with perceptions, values, beliefs, and cultural
practices.
The understanding of language as a tool that is intrinsically related to the construction of
meanings supports my argument that mathematics’ meanings are constructed through
individuals’ use of language; I claim then that mathematics is situated within particular groups,
contexts, and practices. Extensive ethnographic research has previously shown that mathematics
is related to context (Barton, 2009; Rogoff, 2003); my study resulted in similar findings
indicating the importance of context in the three research classrooms. Certainly, the educators’
use of language and their language choices were grounded in the context of classroom
expectations, their views of mathematics, and their perceptions of young children’s learning and
development.
I found that language and mathematics are not static and that they are continuously
evolving as individuals try to make sense of meanings, and that socio-cultural contexts change,
as did Barton (2009) and Rogoff (2003). In that sense, it is possible to think about a situated
school mathematics that is re-constructed and co-constructed within the particularities of
classrooms’ socio-cultural contexts.
I have framed my study within the understanding that mathematics has its own language
and that within that language, the mathematics register conveys the particular meanings that
belong to the science of mathematics (Pimm, 1987). I have also stated that through many years of
schooling, students are expected to learn or make meaning of the mathematics register so to
become numerate individuals. Perhaps, it is possible to consider that as educators and students
re-construct and co-construct mathematical meanings in the classroom, the language of
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mathematics is not static, but rather a situated sign system. This revealing finding is particularly
important during the early years of schooling as young students are introduced to the language of
mathematics and the mathematics’ register while their mother tongue is still developing. Hence,
situating the register implies making its meanings reachable for young learners.
If the language of mathematics ⎯and its particular register⎯ are not situated, the science
of mathematics could face the risk of becoming confusing and misinterpreted by students
(Kotspoulus, 2002; Moschkovich, 2002). I found that the educators’ purposeful language choices
intended to bridge what I described as the outside mathematics, to the particular classroom and
students’ needs. Statements such as “I didn’t say less,” or “I use groups rather than sets,” indicate
how educators situated the meanings of the register to facilitate students’ mathematical
interpretations.
Drawn by Moschkovich’s ideas (2002; 2007), I agree that there is more than one way to
understand or think about mathematics. I argue that there are different ways to conceive the
mathematics’ register. As a result of this research, I claim that my perspective of a situated
mathematics challenges the value of everyday and protoquantitative terms within early
mathematics teaching. I also challenge the accepted meanings these terms usually have within
mathematics’ literature. It is not my intention to explain the mathematics register as opposite to
everyday and protoquantitative terms; in fact, Vygotsky (1987) explained how scientific
language (in the case of my study, the mathematics register) that is taught in school, builds up
from the continuous back and forth movements that initiate with familiar and or everyday
language. I propose that everyday mathematics terms and protoquantitative terms should not be
considered as underdeveloped or informal, but rather, as a language of mathematics that is
fundamental during the early years of mathematics instruction. If language is considered as a tool
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that facilitates the construction of meanings, learning to use terms that convey mathematical
relationships implies that young students are challenged in the complex process of mathematical
interpretations. Neither the process, nor the language created to convey those particular
meanings, should be underestimated or labeled as informal. I offer the following example to
illustrate this idea. In grade 1 (stanzas 3,4,5, and 6), Kindergarten (stanzas 4,5, and 6), and PreK
(stanza 8), the educators use the terms “the same” and “equal” to talk about similarities and
differences between perceptual (i.e., red balloons) and quantitative characteristics (i.e. two blocks
on each side of the scale). The analysis of the stanzas revealed that when talking about “the
same” a semantic pattern emerged:
(a) “This mask is the same as your mask;”
(b) “We have the same number of boys and girls;”
(c) “You have one tooth and she has one tooth. That’s the same!”
(d) “The two groups are equal;”
(e) “The groups are equal” (groups were not seen)
Clearly, as the language gradually becomes more abstract, the level of complexity
increases from a perceptual or empirical comparison in statement (a) to quantitative comparisons
in (b), (c), (d), and (e). However, from a Vygotskian perspective (1978), each statement implies
that students had to organize the external information and re-construct the meaning of the terms
internally. Hence, the language used in statement (a) is not underdeveloped or informal; rather it
is situated within a particular context that has its own purposes. Although “the same” as
indicated in statement (a) focuses on a perceptual comparison, I argue that the meaning this term
should not be labeled as incomplete, rather, it should be considered a foundational mathematical
language milestone.
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The educators in my study strongly claimed their views of familiar terms (including
everyday and protoquantitative terms, as well as terms that denoted actions) and the analyses
showed how they consistently used these terms as valuable pedagogical tools. Familiar terms
(such as “the same”) became tools for thought (Vygotsky, 1978), for students to make meaning
of perceptual and mathematical relationships. The problem, I think, arose when they used terms
such as the same with a mathematical purpose but the comparison presented to students was
perceptual. For example: “Can you make your counters look like the dots on the die? Make them
look the same” (EK stanza 4), was said with the intention of showing that the two groups become
numerically equivalent. This observation not only shows the fundamental and tight relationship
between language and mathematics but also reveals how educators’ use of language could
impact, or not, mathematics’ interpretation and/or mathematical misunderstandings. If the
purpose of school’s mathematics instruction is to help students to move along a continuum of
learning the meanings of mathematics, then educators’ awareness of the semantic patterns of
language are a crucial tool to scaffold students learning. Scheleppegrell (2007) explained this
point when reviewing the linguistic challenges of mathematics teaching and learning; my study
builds on her ideas. I propose that the consideration of mathematics semantic patterns between
perceptual language and the mathematics register could facilitate the critical revision of accepted
perceptions about language in early mathematics education.

Code Switching in Early Mathematics Education
This study focused on teacher’s talk; framed within socio constructivist theoretical ideas,
I explored code switching in early mathematics instruction. Although I built the construct of code
switching from the current linguist and mathematical literature, I framed code switching within a
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different paradigm. Supported by the understanding that mathematics has its own register, I
focused on the educators’ switches that happened between the math register and what I described
as the language of instruction.
I explained earlier how and when a preschool, a kindergarten, and a grade one educator
code switched between the language of instruction and the mathematics register as they taught
number sense to their young students. I also discussed the rationale for educators’ language
choices; in particular, the study revealed an interesting insight for mathematics education when
the three educators explained their decisions to “not switch” to the mathematics register, and
instead used everyday, protoquantitative, and/or action terms. Macaro (2005), explained: “the
switching occurs because the speaker finds it easier or more approximate to communicate by
switching than by keeping the utterance totally in the same language” (p. 63). Certainly, this also
happened in the classrooms where I conducted my study. I found that in most scenarios, the
educators’ language choices were grounded in assuring both good communication flow, and
allowing for mathematics meanings to be interpreted, by not switching to the mathematics
register. From a Vygotskian (1978) perspective, I could argue that this type of language choice
revealed a pedagogical focus on assuring students’ meaning-making or interpretative processes.
In her work with pre-service teachers, Zaskis (2000) pointed out that although some may
argue that knowing the mathematics register is of secondary importance in the mathematics class,
this should not be the case for teachers. I counter with the idea that code switching in the
mathematics class should be a pedagogical choice. From a linguistic perspective, the ability to
code switch implies having a certain level of proficiency with the languages involved; hence,
teachers’ awareness and understanding of the concepts and language of mathematics should be
considered a key asset in the early mathematics classroom. The educators who participated in the
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study relied on their perceptions, figured worlds, and understandings about mathematics and
language to make language choices and to decide what they thought was best for their students.
With the exception of a few stanzas, they agreed that their language choices had a purpose, thus
revealing their prior pedagogical consideration of these matters. This certainly points out the
critical importance of educators’ meaning making processes, as well as the tremendous value of
educators’ thinking about the mathematics meanings carried by mathematics language. Drawn by
Vygotsky’s ideas (1978), I argue that educators’ knowledge about the meanings carried by the
language of mathematics could function as a tool for pedagogical thoughts. Barwell, Leung,
Morgan and Street (2005, as cited in Moscokovich, 2010), explained that teachers need explicit
awareness of the variety of forms mathematical communication may take. Therefore, by making
both the language of instruction and the mathematics register the focus of educators’ pedagogical
attention, early mathematics instruction could strongly benefit.
The educators’ talk guided their interactions with students; findings revealed that the
three educators were involved in complex language decisions as they worked with the children.
Claims such as, “I have to think about a word for saying that” are evidence of this matter. In
order for language to become a meaningful pedagogical tool, educators teaching mathematics to
young students need to become aware of the mathematics semantic patterns. This in turn, I argue,
will support their decisions about when and how much to code switch. My argument is that
thinking about semantic patterns and switches might help educators think about the intrinsic
relationship between language and mathematical meanings. In addition, this would assist
mathematics educators and researchers to further explore how teacher talk can best support
young students to learn both vocabulary and mathematics. Thinking about switches and semantic
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patterns might help bridge the gap between perceived outside mathematics with perceived inside
classroom mathematics.
This study evidenced that three educators teaching young children number sense
activities, focused on choosing to use language they perceived could best support their students’
meaning-making processes. This finding, in alignment with the evidence of semantic patterns
that link perceptual language with quantitative language, points to code switching as a valid
scaffolding tool that could serve mathematics teaching. In the classroom, “Teachers are often the
students’ primary source of linguistic input in the target language” (Turnbull & Arnett, 2002, p.
2); thus, as the most experienced interlocutor, students’ learning shifts are a teacher
responsibility. Vygotsky (1978), explained the role of teachers in student-teacher interactions
decades ago; my study extends these previous ideas and proposes a systematic way of looking at
language that could support scaffolding. I reason that a focus on code switching might help
educators to better situate mathematics in their classroom by determining when and how code
switching to the mathematics register is warranted.

Limitations of Research
Every research study is delimited in a number of ways. I believe the following points
illustrate that in this research study:
(a) A small sample was chosen for this study, as is the norm in qualitative studies. The
investigation represents the responses from a small sample of educators who live in rural and
urban areas of a province of Canada situated in the Atlantic region. Readers from elsewhere must
read this research with their own context in mind, to determine if results might be applicable in
their environment.
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(b) English was the mother tongue of an overwhelming majority of the children. Only 0.53%
of the students who participated in the activities had another home language. This is not
indicative of current trends in many Canadian schools, where multilingual classes are on the rise.
Hence, the educators’ use of the math register with students who did not speak proficient English
was not demonstrated in this study.
(c) In this study, I investigated the number sense domain. Therefore, findings reflect
language used in activities involving only this domain, and cannot be reported as general early
mathematics findings.

Recommendations for Future Research
My research study demonstrates the rich possibilities of further research in the use of
language in early mathematics instruction, particularly within the frame of code switching. Some
of my recommendations for future research include:
(a) Replicating this study with larger and more diverse groups of participants, including
educators with different levels of training and years of experiences;
(b) Working with a larger and more diverse group of participants, including students with
different multicultural backgrounds;
(c) Exploring the semantic patterns of perceptual language and the mathematics register
during the early years of school mathematics teaching. For instance, a richer picture could be
constructed by exploring mathematics semantic patterns up to grade three.
(d) Probing the effect of educators’ code switching on students’ mathematics learning.
This could also lead to the investigation of innovative tools that explore children’s mathematical
understandings within a situated mathematical approach.
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(e) Exploring children’s code switching when talking mathematics. This type of
investigation could further extend current knowledge of children’s mathematics understandings.
(f) Investigating parents’ code switching when talking math to young children and how d
it compares to the institutional language of formal schooling.
(g) Examining the role of code switching in early mathematics instruction could be
extended to all domains of early mathematics teaching, including operations, geometry,
measurement, patterning, and data analysis and probability. The ways educators code switch in
these domains of mathematics learning could become a strong area for further early mathematics
research.
(h) Exploring the impact of curriculum policies on educators’ ways of talking and code
switching in the early mathematics classroom could be further explored. Utilizing discourse
analysis to investigate the meaning of curriculum document texts could certainly provide strong
background information (Gee, 2014) to better understand educators’ language choices.
(i) Considering the strong linkages with English as Second Language (ESL) code
switching research. Further investigation between these linkages should be considered, including
French immersion investigations.
(j) Building the idea of a situated mathematics in the Canadian early childhood context is
another area for fruitful future research. What is actually happening in the early childhood
classrooms when educators talk mathematics to babies, infants, and three year old children needs
to be further investigated.
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Concluding Remarks
Through the rigorous interpretation of how three educators used language in early years
classrooms, I have demonstrated how particular language choices impacted the ways educators
talked and taught number sense to preschool, kindergarten, and grade one students.
The consideration of a situated early mathematics pedagogy revealed the existence of a
particular mathematical discourse that privileged educators’ use of everyday and
protoquantitative terms as well as verbs or terms that denoted actions to communicate and
mediate mathematics. Through the analysis of language used by the three educators, I have also
demonstrated the strong relationship between language and mathematics, as well as between
perceptual language and the mathematics register.
The focus on code switching in number sense activities provided significant insights
about the importance of educators’ meaning-making processes. This study also revealed the
fundamental linkage of semantic patterns and code switching that should be further considered
for a clear and systematic approach to scaffolding in early mathematics’ teaching.
Levine (2009) stated, “Language teaching as lived out in the classroom, is always a local
phenomenon” (p. 36). I came to this journey as a researcher, teacher, storyteller, and as a
bilingual learner. Most of all, I came to this investigation as an early childhood educator who
wanted to reveal what is actually happening in the classrooms where our youngest have their first
school mathematics experiences. By critically analyzing and reflecting about the language used
by educators, and the educators’ views and understandings about mathematics and language in
mathematics education, I now propose a revision of accepted expectations about language in
early mathematics teaching. I also recommend that the pedagogy of mathematics be situated
within a broader view that takes different ways of talking and interpreting mathematics into
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consideration. The innovative approach I have taken in this study with regard to code switching
has revealed it as a powerful tool that could impact concept teaching and the overall pedagogy of
the early years of mathematics education.
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Appendix A
Letter of Information
Preschool Centre/School
Dear Director/Principal,
I am writing to ask you as Director/Principal of ____________________________
to consider participating in a research study. This study is entitled Exploring Code Switching in
Early Number Sense Activities. The study has been approved by the UPEI Research Ethics Board
and by the English Language School Board.
I am PhD candidate at the Faculty of Education at the University of Prince Edward Island
(UPEI) and I will be conducting the study. Dr. Martha Gabriel from the UPEI Faculty of
Education is my supervisor.
The proposed research is a qualitative study involving an exploration of the linguistic
approaches educators use while teaching mathematics. The study includes interviewing and
video recording educators while they engage and talk with their students in mathematical
situations that involve number sense activities in the classroom. The video recording and the
interviews will explore and document what mathematical language educators use and how that
language can mediate children's mathematical learning. The raw video will ultimately be edited
to be used, as well as the study results, for future teaching purposes. Direct quotations from the
educator and/or students may be used to enrich the descriptions.
If you give consent for this study to take place at your centre/school, one educator at your
centre/school who works with preschool/kindergarten/grade one children will be invited to
participate. The criteria for selection will be based on the educator’s professional background and
participation in training, years of experience (no less that 5 years), level of certification, and
interest in mathematics education.
All the children who attend the educator’s classroom will be also invited to participate.
The children’s parents will need to read an information letter and sign a consent form for their
children to participate. This study focuses on the educators; the parents consent is required
because as I video record the educators I will capture images and the participation of the
children. If requested I will meet with the parents to explain the study in further detail. The
parent’s consent for their children to participate is voluntary. Video recording sessions will be
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only conducted with those children for whom consent has been given. Even though video
recording is part of the study, I will ensure that the names of the centre/school, the educator, and
the children will not be revealed. Videos will be only used for pedagogical purposes and will not
be posted online or sent to any social media.
If your centre/school and educator agree to participate, I will conduct the study in a three
week time period. During the first week, and prior to the video recording sessions, I will visit the
classroom full time as a classroom volunteer to get an orientation to the classroom routine, to get
to know the children, and to help the teacher in whatever way I can. This orientation will take
place during a convenient week for you and the educator. This will ensure that children are
familiar with me before the data is collected.
I will interview the educator who agrees to participate. The interview will take
approximately one hour and it will be completed during my first week at your centre/school at a
convenient time for him/her.
During the last two weeks in the educator’s classroom, I will video record five
mathematical sessions. After the five lessons have been recorded and transcribed, I will send a
copy of the transcriptions to the educator to check for accuracy. A discussion interview will be
then arranged at a convenient time for the educator to converse with me about the transcription
and clips from the videos. This meeting will be audio recorded; after the recording is transcribed,
a copy will also be sent to the educator to check for accuracy. During the winter of 2016, I will
invite the educator to participate in a focus group with the other educators who participated in the
study. The focus group will be conducted virtually or in person depending on the geographic
location of the research sites. The focus group will be recorded and transcribed; transcriptions
will be shared with educators for a member check.
If the educator wishes to withdraw his/her data from the study, he/she can contact me by
November 20, 2015 and request that her/his personal data be withdrawn from the study. After
that date, due to the process of data analysis, it will not be possible to delete the data.
Your centre’s/school’s participation is voluntary. You may choose to stop participating at
any time prior to November 20, 2015, without any consequences.
I will be contacting you in a week to clarify any questions or concerns you or the educator
might have. If you agree to participate in this study we will determine the timing of the threeweek block when I will be visiting your centre/school.
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When the study is completed I will send your school a copy of the discussion chapter.
Your centre’s/ school’s participation in this study will contribute to building a better
understanding of the use of language in mathematics education.
I look forward to working with you and the educator at your centre/school on this project.
Thank you for your collaboration.
Sincerely,
Gabriela Arias de Sanchez
PhD Candidate
Faculty of Education
UPEI
(902)-629-4978
gsanchez@upei.ca

221
Consent form
Director Preschool Centre/ School Principal
Study’s title: Exploring Code Switching in Early Number Sense Activities
Institution: University of Prince Edward Island, Faculty of Education
Researcher: Gabriela Arias de Sanchez
Supervisor: Dr Martha Gabriel
I _________________________________________, understand that an educator who works
with _______________children in my centre/ school will be invited to participate in a study
entitled Exploring Code Switching in Early Number Sense Activities. I understand that the study
has been approved by the UPEI Research Ethics Board and by the English Language School
Board).
I understand that the educator will be interviewed and will also be video recorded while
engaging in mathematical conversations with the students in her/his classroom.
I understand that all children in the selected classroom will also be invited to participate
in the study.
I understand that my name, the centre’s/ school’s name, the educator’s and the children’s
names will remain strictly confidential among the educator, myself and the dissertation
supervisory committee members.
I understand that parental consent is required for individual children to participate in the
video recording sessions.
I understand that five mathematics sessions will be video recorded. I understand that the
edited video (as well as the results of the study) could be used in the future for teaching purposes
in early childhood classes, conferences, workshops or publications. I understand that videos will
not be posted online or sent to any social media.
I understand that the educator will be invited to review the transcriptions and the clips
from the video recording with the researcher. I understand the educator will be invited to
participate in focus groups early in 2016 after all the data from the individual classrooms is
collected.
I understand that if the educator wishes to withdraw that data from the study, he/she can
contact the researcher prior to November 20, 2015, and request that her/his personal data be
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withdrawn from the study. I understand that after that date, due to the process of data analysis, it
will not be possible to delete the data.
I understand that some quotations may be used for data analysis. I understand that my
centre’s/school’s participation in this study will contribute to building a better understanding
about the use of language in mathematics education. I understand that when the study is
completed my school will receive a copy of the discussion chapter.
I further understand that as a participant in this study, the centre/school has several rights.
I understand that the centre’s/school’s participation is strictly voluntary and that the centre/school
may discontinue its participation at any time up to November 20, 2015. I understand that my
name will be kept completely confidential and that under no circumstances will the centre’s/
school’s name, the children’s names, or my name be included in this study. I understand that the
data collected by the researcher will be kept in her personal locked cabinet and her passwordprotected computer. I understand that the researcher and her supervisory committee are the only
ones who will have access to this information. I understand that the information will be kept
confidential within the limits of the law. I understand that I can keep a copy of the signed and
dated consent form.
I have read and understood the contents of this letter and agree to allow my centre/school
to participate in the study.
Signed____________________________Date______________________________________
Researcher’s signature:______________Date:____________________________________
I thank you for your willingness to participate in this study. Your participation is greatly
appreciated. I may be contacted by phone at (902) 629-4978 or by email at gsanchez@upei.ca
should you have any questions. Also, if you have any difficulties with, or wish to voice concern
about any aspect of your participation in this study, you may contact my supervisor, Dr Martha
Gabriel by phone (902) 566-0503 or by email at mgabriel@upei.ca. You may also contact the
UPEI Research Ethics Board, for assistance at (902) 620-5104, or by email at reb@upei.ca
Sincerely,
Gabriela Arias de Sanchez
PhD Candidate
Faculty of Education- UPEI
(902)-629-4978
gsanchez@upei.ca
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Appendix B
Letter of Information
Preschool / Kindergarten/ Grade one Educator
Dear Educator
I am writing to ask you as an educator of ____________________________
to consider participating in a research study. This study is entitled Exploring Code Switching in
Early Number Sense Activities. The study has been approved by the UPEI Research Ethics Board
and by the English Language School Board.
I am PhD candidate at the Faculty of Education at the University of Prince Edward Island
(UPEI) and I will be conducting the study. Dr. Martha Gabriel from the UPEI Faculty of
Education is my supervisor.
The proposed research is a qualitative study involving exploration of educators’ linguistic
approaches while teaching mathematics. I will conduct the study within a three week time period.
During the first week I will visit your classroom full time as a classroom volunteer to get an
orientation to the classroom routine, to get to know the children, and to help you in whatever way
I can. This will ensure that children are familiar with me before the data is collected. This
orientation week will take place at a convenient week for you and your school. During the first
week I would also like to interview you about the linguistic approaches you consider when
teaching mathematics in the classrooms. The interview will take approximately one hour and it
will be completed at a convenient time for you and for your centre/school.
During the last two weeks in your classroom, I will video record five mathematical
sessions that include number sense activities. The raw video will ultimately be edited to be used,
as well as the study results, for future teaching purposes. Direct quotations from you and/or
students may be used to enrich the descriptions. Videos will not be posted online or sent to any
social media.
After the five video recording sessions are transcribed you will receive a copy of the
transcript to check for accuracy. I will invite you then to a discussion interview to converse about
the transcriptions and clips from the videos. This meeting will be recorded and you will receive
the transcription of that meeting to check for accuracy as well. This discussion will take place
during the time period that best suits you and your centre/school. Early in 2016, I will invite you
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to participate in a focus group with the other educators who participated in the study. The focus
group will be conducted virtually or in person depending on the geographic location of the
research sites. The focus group will be recorded and transcribed; you will receive a copy of the
transcript to check for accuracy.
Your participation in this study is voluntary. If you wish to withdraw your data from the
study, you can contact me up until November 20, 2015, and request that your personal data be
withdrawn from the study. After that date, due to the process of data analysis, it will not be
possible to delete the data.
For the video recorded sessions, all children in your class will be invited to participate.
The children’s parents will receive an information letter and sign a consent form in order for their
child to participate. Parents’ consent for these children to participate is voluntary. I will conduct
video recording sessions only with those children for whom consent has been given. If requested,
I will meet with the parents to explain the study in further detail. If parents do not give consent
for their child to participate in the observation session, the child will continue with his/her
regular class activities. I will discuss with you the appropriate procedures so those children are
not videotaped while participating in the mathematical lessons.
Even though video recording is part of the study, I will ensure that neither your name, the
children’s names nor the centre’s/school’s name will be revealed.
I will be contacting you in a week to clarify questions or concerns that you might have. If
you agree to participate in this study we will determine the timing of the three week block when I
will be visiting your centre/school.
When the study is completed I will send you a copy of the discussion chapter. Your
participation in this study will contribute to building a better understanding of the use of
language in mathematics education.
I look forward to working with you and your students on this study.
Thank you for your collaboration.
Sincerely,
Gabriela Arias de Sanchez
PhD Candidate
Faculty of Education
UPEI
(902)-629-4978
gsanchez@upei.
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Consent Form
Preschool / Kindergarten/ Grade One Educator
Study’s title: Exploring Code Switching in Early Number Sense Activities
Institution: University of Prince Edward Island. Faculty of Education
Researcher: Gabriela Arias de Sanchez
Supervisor: Dr Martha Gabriel
I____________________________________________________ understand that the
centre/school________________________________________has agreed to participate in the
research study entitled Exploring Code Switching in Early Number Sense Activities. I understand
that the study has been approved by the UPEI Ethics Board and by the English Language School
Board
I understand that if I consent to participate, I will be interviewed about the use of language I use
when I teach mathematics. I understand that the interview will take approximately one hour. I
also understand that the researcher will spend three weeks in my classroom. The first week will
be an orientation week, while the second and third weeks will be for the purpose of video
recording mathematics lessons.
I understand that I will be developing five number sense lessons. I also understand that I
will be video recorded while engaging in mathematical conversations with my students while
conducting those lessons. I understand that I will receive a transcription of the recorded sessions.
I understand that I will participate in a discussion interview with the researcher to converse about
the transcriptions and clips from the video. I understand that if I wish to withdraw my data from
the study, I can contact the researcher up until November 20, 2015, and request that my data be
deleted. I understand that the edited video (as well as the results of the study) could be used in
the future for teaching purposes in early childhood classes, conferences, workshops or
publications. I understand that videos will not be posted online or sent to any social media.
I understand that all children in my classroom will also be invited to participate in the
study. I understand that parental consent is required for children’s participation in the video
recorded observation sessions.
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I understand that my name, the centre’s/ school’s name, and the children’s names will
remain strictly confidential among the researcher and her supervisory committee, the centre's
director/ the school principal, and myself.
I understand that some quotations may be used for data analysis. I understand that my
participation in this study will contribute to building a better understanding about the use of
language in mathematics education. I understand that when the study is completed I will receive
a copy of the discussion chapter.
I further understand that as a participant in this study, I have several rights. I understand
that my participation is strictly voluntary and that I may discontinue my participation at any time
up until November 20, 2015. I understand that my name will be kept completely confidential and
that under no circumstances will the centre’s/school’s name, the children’s names, or my name
be include in this report. I understand that the data collected by the researcher will be kept in her
personal locked cabinet and her password protected computer. I understand that the researcher
and her supervisory committee are the only ones who will have access to this information. I
understand that I can keep a copy of the signed and dated consent form. I understand that the
information will be kept confidential within the limits of the law.
I have read and understood the contents of this letter and agree to participate in the study.
Signed________________________________Date____________________________________
Researcher’s signature:_________________Date:_________________________________
I thank you for your willingness to participate in this study. Your participation is greatly
appreciated. I may be contacted by phone at (902) 629-4978 or by email at gsanchez@upei.ca
should you have any questions. Also, if you have any difficulties with, or wish to voice concern
about any aspect of your participation in this study, you may contact my supervisor, Dr Martha
Gabriel by phone (902) 566-0503 or by email at mgabriel@upei.ca. You may also contact the
UPEI Research Ethics Board, for assistance at (902) 620-5104, or by email at reb@upei.ca
Sincerely,
Gabriela Arias de Sanchez
PhD Candidate
Faculty of Education
UPEI
(902)-629-4978
gsanchez@upei.ca
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Appendix C
Letter of Information for Parents/Guardians Regarding Video Recorded Sessions
Dear Parent/Guardian,
The Director/Principal at the _______________________Centre/School and your child's
classroom educator have agreed to participate in a research study entitled Exploring Code
Switching in Early Number Sense Activities. The study has been approved by the UPEI Ethics
Board and by the English Language School Board.
The focus of this study is exploring the language that educators use when they are
teaching children mathematical ideas. I am writing to ask permission for your child to participate
in this research study.
I am a PhD candidate at UPEI Faculty of Education and I will conduct the study; Dr.
Martha Gabriel from the UPEI Faculty of Education is my supervisor.
I will visit your child’s class during three weeks, to interview the educator, to video
record mathematics events, and debrief the session with the educator. Although the focus of the
study is on the educator, I am writing to request permission from you to allow your child to
participate in the study, because there will be times when I will be video recording and the
children will be included in the recording. The sessions will take place in your child’s classroom,
during regular classroom activities.
Please be aware that even though video recording is part of the study, your child’s name
will not be revealed on the data collected or in the final report. The raw video will be ultimately
edited and used (as well as the study results) for future teaching purposes for example,
conferences, seminars or workshops. For better descriptions of the video we may use some
children’s quotations. Videos will not be posted online or shared on any social media sites.
Your consent for your child to participate is voluntary. You may decide that you want
your child to stop participating at any time, without any consequences. If you do not agree for
your child to participate in the study, the educator will make the necessary arrangement for your
child to continue with everyday classroom activities.
Your child’s participation in this study will contribute to building a better understanding
of the use of language in mathematics education.
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Thank you for your collaboration.
Sincerely,
Gabriela Arias de Sanchez
PhD candidate
Faculty of Education
UPEI
(902)-629-4978
gsanchez@upei.ca
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Parents/Guardians Informed Consent
Video Recorded Sessions
Study’s title: Exploring Code Switching in Early Number Sense Activities
Institution: University of Prince Edward Island. Faculty of Education
Researcher: Gabriela Arias de Sanchez
Supervisor: Dr Martha Gabriel

I, ________________________________________________, understand my child has been
invited to participate in a study entitled Exploring Code Switching in Early Number Sense
Activities. I understand that the study has been approved by the UPEI Ethics Board and by the
English Language School Board
I understand that the Centre’s/School Director/Principal and my child’s educator has
agreed to participate in this study.
I understand that my child’s name and my name will remain strictly confidential among
the researcher, her supervisory committee, the centre’s/school Director/ Principal and the
educator.
I understand that the video recorded observation sessions will take place in my child’s
classroom. I understand that during these sessions my child will be interacting with his/her
educator in mathematical lessons. I understand that my child’s quotations could be used in the
study
I understand that the session will be video recorded and that the edited video as well as
the results of the study could be used in the future for pedagogical purposes in early childhood
classes, conferences, workshops or publications. I understand that the videos will not be posted
online or shared with any social media sites.
I understand that my child’s participation in this study will contribute to building a better
understanding of the use of language in mathematics education.
I further understand that as a parent, I have several rights. I understand that my child’s
participation is strictly voluntary and that he/she may discontinue his/her participation at any
time without any consequences.
I understand that my name or my child’s will be kept completely confidential and that
under no circumstances will my child’s name or my name be included in the study report.
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I understand that the data collected by the researcher will be kept in her personal locked
filing cabinets and her password protected computer. I understand that the researcher and her
supervisory committee are the only ones who could access to this information.
I understand that the information will be kept confidential within the limits of the law. I
understand that I can keep a copy of the signed and dated consent form.
I have read and understood the contents of this letter and agree to allow my child to
participate in the study.
Yes, I agree for my child _________________________________________to participate in the
research study entitled Exploring Code Switching in Early Number Sense Activities.
Signed______________________________________________
Date_______________________________________________
Researcher’s signature:_________________________________
Date:_______________________________________________
No, I do not wish for my child _________________________________________to participate
in the research study entitled Exploring Code Switching in Early Number Sense Activities
Signed______________________________________________
Date_______________________________________________
Researcher’s signature:_________________________________
Date:_______________________________________________
I thank you for your willingness to participate in this study. Your participation is greatly
appreciated. I may be contacted by phone at (902) 629-4978 or by email at gsanchez@upei.ca
should you have any questions. Also, if you have any difficulties with, or wish to voice concern
about any aspect of your participation in this study, you may contact my supervisor, Dr Martha
Gabriel by phone (902) 566-0503 or by email at mgabriel@upei.ca. You may also contact the
UPEI Research Ethics Board, for assistance at (902) 620-5104, or by email at reb@upei.ca
Sincerely,
Gabriela Arias de Sanchez
PhD candidate
Faculty of Education- UPEI
(902)-629-4978
gsanchez@upei.ca

231
Appendix D
Initial individual Interviews
Date:
Classroom:
Setting the scene: Thank you for your participation in this study. I am looking forward to
exploring mathematics in the early years classrooms with you.
1- Please tell me about your professional background.
Probe: How many years have you been teaching young children?
Probe: How many years have you been teaching at this classroom level?
Probe: What, if any, kind of mathematics training have you had?
2- How do you think mathematics should be approached when teaching young children?
Why?
3- There are many ways to teach young children about math. Do you have a particular
pedagogical approach that you like to use when you teach the children math?
Please tell me more.
4- When you are teaching a lesson, how do you "talk " math to your students? Could you
provide some examples?
5- Do you ever hear your children “talking math”? If yes, what are the kinds of things they
might say?
6- Are there any other ideas you would like to share? Are there any questions I should have
asked you, but did not?
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Appendix E
Preschool Discussion Interview
Date: November 26th, 2015
I really appreciate your willingness to participate in this study. Your time commitment in
this phase of the research is truly appreciated.
After video recording five mathematical lessons in your classroom, I selected a number
that were examples of very interesting uses of language. During this interview, I would like us to
view the clips together so we could discuss the ways you used language in the lesson. I am really
looking forward to developing a good understanding of your language and actions during
lessons. Please do not hesitate to ask questions or to point things out.
Observation 1:
How does mathematics’ language unfolds through this clip?
Observation 2:
What do you think about the math language you used during this clip?
Observation 3:
What do you think is relevant about the language you used in this clip?
What do you think children were doing in terms of math?
Observation 4
Let’s look at these clips. Based on your experience, why is it important to highlight the idea of
“more” when children are experiencing quantity?
Observation 5:
Could you explain the use of the term “the same,” in this video clip?

Observation 6:
Could you explain your way of talking about patterns?
In the two cases, when the activity finished you said aloud “ It’s a pattern! Could you explain why?
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Observation 7:
In these clips you use terms such as circle and round, so children can see the difference between
numerals. Could you explain the use of these terms? How do these terms help children to focus on visual
arrangements of numerals?

Observation 8:
Could you explain the math language you used in this clip?
In the next two clips you made language choices. In the first clip you switched to the term “left over”
and in the second clip you used the expression “an extra one.” Tell me more about that language.
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Appendix F
Kindergarten Discussion Interview
Date: October 28, 2015
I really appreciate your willingness to participate in this study. Your time commitment in
this phase of the research is truly appreciated.
After video recording five mathematical lessons in your classroom, I selected a number
that were examples of very interesting uses of language. During this interview, I would like us to
view the clips together so we could discuss the ways you used language in the lesson. I am really
looking forward to developing a good understanding of your language and actions during
lessons. Please do not hesitate to ask questions or to point things out.

Observation 1:
How does mathematics’ language unfolds through this clip?
Observation 2:
What do you think about the language you used in these clip?
Observation 3:
Could you explain your approach to help Nick to solve the problem?
Observation 4:
Could you explain the use of the term “the same” in the following clips?
Observation 5:
Could you explain the use of terms like points, corners and lines?
Observation 6:
Could you explain your way of explaining to children what a pattern is
Observation 7:
In many of your activities, I have seen you using math language to “wrap up” what has been done. Could
you explain why do you think you do that?
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Observation 8:
As you know, I will be investigating how teachers switch between the language of instruction and the
language of mathematics. Is there any evidence of that switching in this clip

Observation 9:
In this clip, you switched from the children‘s idea of “counting that way,” to the math idea of counting
forward. Why did you switch the language used to the language of math?

Observation 10
Could you tell me more about this scenario? How does your talking help children to understand the idea
of the “number after?”
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Appendix G
Grade One Discussion Interview
Date: January 28th, 2016
I really appreciate your willingness to participate in this study. Your time commitment in
this phase of the research is truly appreciated.
After video recording five mathematical lessons in your classroom, I selected a number
that were examples of very interesting uses of language. During this interview, I would like us to
view the clips together so we could discuss the ways you used language in the lesson. I am really
looking forward to developing a good understanding of your language and actions during
lessons. Please do not hesitate to ask questions or to point things out.

Observation 1:
How does mathematics unfold though this video?
As you know, I will be investigating how teachers switch between the language of instruction and the language
of mathematics. How do you see that switching happening in this video clip?

Observation 2:
What do you think about the language you used to explain, “equal” to the class?
You highlighted the term “the same,” but then, during the same lesson, you said “the same amount.”
Could you elaborate on this a little bit please? Were you aware of the terms you were using?

Observation 3:
In many of your activities, I have seen you using math language to highlight orally the domain you
want the children to learn. In this case, you said aloud the rule of equal relations. Could you explain why
you think you did that?
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Observation 4:
Let’s look at these clips. I have noticed that you are consistently saying aloud-mathematical strategies,
and that you also want children to say aloud how they are thinking math. Could you explain why?
Observation 5:
What do you think about your talking a as you tried to explain a new strategy to the children?
Observation 6:
In this clip you code switched between math terms to explain to the child the strategy of counting by twos.
Why was it necessary to explain that to the child? Were you aware of that language choice?
Observation 7:
Why did you switch from bars of tens to rods?
Observation 8:
In these clips, you wanted children to describe math terms and their meaning Why was this necessary?
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Appendix H
The Preschool Class
This section provides a further description of the preschool class. I focused on the
classroom space, the children, the educators’ professional background, and the classroom
dynamic. I conclude the case study description with a brief epilogue to explain my last visit to
the classroom.

The Classroom Space
The preschool classroom was located on the main floor with the preschool educators’
profiles posted beside the classroom door.
The classroom was big; two large windows on the opposite side of the doors brought
much natural light into the room. Large pink and green panels hung from the ceiling to create
different spaces. A large whiteboard covered one of the classroom walls; a blue carpet with the
alphabet printed on it was placed in front of the whiteboard. The whiteboard had a number chart
with one row with numbers from 1 to 20 on the right side. On the bottom side of the whiteboard
there were signs with magnetic clips that had the days of the week written on them. Other
magnetic signs had terms representing different kinds of weather (cold, windy, snowy), and
words such as “children” “today” and “good morning” that were used daily to organize sentences
for the morning message. A board with the title “Who is here today?” had children’s names
displayed in two columns, one for boys and one for girls. A second board, also hanging from the
whiteboard, had all of the children’s names with stickers beside them indicating how many times
a child had been the “sunshine” boy or girl, a title that the educator used to highlight who was the
helper for a particular day.
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The classroom was clearly delimited into different spaces that were described by the
educator as “areas” or “play-areas.” There were large spaces designated for the art area, the
dramatic area, and the reading area; there were also large tables labeled as the water table, the
sensory table, and the Legos table. Each of the spaces had items for children to play with and /or
practice skills related to the areas’ designation. The classroom was also organized through a
series of large and small tables used to present different invitations to the children. Grounded in
the Reggio idea of provocations (Strong-Wison & Ellis, 2007), the two educators in this
preschool classroom presented different materials and ideas daily for the children to use; for
example, materials placed on the tables might include nails, wood, and hammers, dolls and water,
or an old keyboard with tools. Every day, one of the educators was responsible for changing
these spaces. Mathematics was embedded within these invitations, often through board games
and/or different open-ended materials combined with more structured material or with a
particular tool (e.g., tiles and cards with numbers or beans and a scale).

The Participants
The children. During the period of data collection, there were 18 students in the
preschool class; 6 of them went to class everyday and twelve were registered as part time
students. According to the educator, a large number of the parents worked in seasonal jobs, thus
the requirements for child care services changed according to the season. All children were from
the area and there were no learners in the class who had English as a second language. The
educator explained that she knew all her students very well because most of them had been in the
Centre since they were toddlers. One student was diagnosed with autism; during my second week
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in this classroom, another child who had also been also diagnosed with autism, joined the group
as a part-time student.
The educator. Carol (I am using a pseudonym to protect the preschool educator’s
anonymity) had 26 years of teaching experience with young children. She started as an
uncertified kindergarten educator in the Centre where she currently worked. She taught
kindergarten for 16 years until the opportunity came to complete her education:
I always loved working in the field and I loved the learning but I was not
certified…so I always felt that I was like a fake because I didn’t have the
education that went with it; so I decided to go back to school (Initial interview,
November 5th, 2015).
In 2004 Carol completed an accelerated program and obtained her early childhood
certification. When kindergarten shifted from the private sector to the provincial one, Carol
decided to stay at the childcare centre, and continue to work in the early childhood field. Since
that time, Carol had started to work with the preschool class. She was considered one of the
senior staff at the Centre, and took on administrative roles when the supervisors were not present.
Carol had also a special certification to be the physical education teacher at the Centre.
Carol knew the community, the families, and the children well and she tried to attend to
particular students’ caring and learning needs to the best of her ability. When I asked Carol about
her work she stated, “I always wanted to be a mother and the good thing about this work is that I
still get to be like a mother.” (Initial interview, November 5th, 2015)
Carol dedicated special attention to the creation of engaging environments for her
students, “I want my room to be the best; it is very important to me that it looks good.” Her
teaching approach relied on personal past experiences (for example from her childhood) and on
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the professional training she received as a kindergarten teacher from the provincial Department
of Education, including language arts and mathematics. She explained many times how she still
used and relied heavily on the kindergarten curriculum document to support her teaching.
When I asked Carol about her school math experience she said:
I was a terrible math student! I found it very difficult and I was afraid of math;
I could feel my heart beating because I was so nervous… I remember in high
school being called to go up to do something on the board, and even when I
knew the answer, I couldn’t even think, I was so scared. (Initial interview,
November 5th, 2015)
Carol explained that this negative experience helped her to present mathematics to her
students in a way that she would have liked to have it presented to her:
I am very kinesthetic, I need to manipulate, to touch and move things…And I
found that when I was 44 and took the early childhood program, we did math
that way...so that was something… it could have helped me back when I went
to school years ago. (Initial interview, November 5th, 2015)

The Classroom Dynamic
The classroom dynamic combined a structured system of routines and teacher-directed
approaches with prolonged time for play and open interactions. Within the daily routines, I
observed that a teacher- directed approach was used during the morning gathering. During the
reminder of the day children moved around play areas where sometimes they were requested to
work and/or interact with the educators. During this prolonged playtime the educators moved
around the room organizing resources, cleaning, and generating many one-to one conversations
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with the children. Most days children went outside where they could play on the woods or in the
school basketball court. Other times, children used the gymnasium. Although days encompassed
a few transitions, children never appeared to be rushed.
In general, classroom activity flowed nicely in a calm atmosphere; Carol never raised her
voice and she talked to children individually if needed. Carol always found the opportunity to
share time with small groups or individual children during the day; the children seemed to be
used to this routine as well as to the physical proximity of the educator.

Epilogue
During the weeks I spent in Carol’s class, I could not avoid being extremely excited every
time I travelled there. Daily, I wondered what her class was going to offer and what discussions,
questions and interests were going to emerge; I also wondered if her young students felt the same
way every morning. I felt a certain sadness when I went back for the last time to pick up the
transcripts. I sat for a few minutes with several children who were taking apart a keyboard; Carol
joined us and while she held a child on her lap, she laughed and said how nervous she was during
my first visit. “But I am a life long learner,” she said. “I hope I can continue to learn about this
matter. I truly see its importance.
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Appendix I
The Kindergarten Class
This section provides a further description of the preschool class. I focused on the
classroom space, the children, the educators’ professional background, and the classroom
dynamic. I conclude the case study description with a brief epilogue to explain my last visit to
the classroom.

The Classroom Space
The classroom was large; the colors displayed a calm and discreet design. On the wall
opposite the large windows and between the two doors to the hall, there was a white board; a
large blue carpet was placed on the floor. A blue pocket chart was hanging on one side of the
whiteboard; the pocket chart had the children’s names and a few words that started with the same
initial letter as the children’s names. On the right side of the carpet there was a stool for the
educator and a red caddy. A projector was hanging from the ceiling in front of the whiteboard.
Five children size tables were distributed within the classroom. There was a desk for
the teacher in one corner beside one of the windows. Two large bulletin boards were opposite the
teachers’ desk. One board was in the art area and displayed some pieces of children’s artwork;
the other board always displayed children’s math worksheets.
There was a large Canadian flag on one of the walls. The classroom walls also
displayed many visuals, particularly related to the alphabet. The children’s names were printed
all over the room: on bulletin boards, in pocket charts, in cards, in birthdays’ banners, and in
classroom lists (such as the one for milk orders). Classroom rules and accomplishments, such as
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“we are counting to 100,” were also displayed on walls. A large size number chart with a
representation of the number sets was posted on the top of the whiteboard.
The classroom was organized with small spaces that were described by the educator
as “centers.” There was a literacy center, a numeracy center, a writing center, a computer center,
an art center, a blocks center, a science center, a dramatic center, and a quiet corner for reading.
Each center was labeled; the label indicated the name of the center and the number of children
who could join (represented with dots). Each of the centers had items for children with which to
play and /or practice skills related to the topic of the center. The numeracy center had a circular
table and a low shelf. On the shelf there was a puzzle with the numerals from 1 to 9; a number
line taped along its edge; manipulatives; plastic geometric shapes; cards with dots on one side
and the matching numeral on the other side; and strings with wooden manipulatives.

The Participants
The children. During the time of data collection, there were 19 students in the
kindergarten class: 11 girls and 8 boys. All children were from the area and there were no
English as second language learners in kindergarten. There were no children diagnosed with
physical disability or children diagnosed with special needs within this class. According to the
educator, there were six children in the classroom who were 4-years-old; she explained this
chronological difference as a starting point for some of her planning as well as for some
pedagogical decisions she had to make.
The educator. Emily (I am using a pseudonym to protect the kindergarten educator’s
anonymity) had 20 years of teaching experience in kindergarten. She graduated in 1989 with a
bachelor degree and a major in Psychology. After graduating she started working at a daycare

245
filling a maternity leave in Kindergarten and she “fell in love with that job.” After one year, she
obtained her early childhood certificate and stayed in that position for 14 years. When
kindergarten moved into the provincial educational system, she received a job offer in the school
and completed the requirement courses for her Bachelor of Education. By the time I started data
collection, she had been in the same school for three years.
Despite the fact that Emily expressed (and showed) having high academic expectations
for her students, she also talked about the dilemma she faced when teaching academic content to
young students, “I think it is my professional dilemma…I am always in between the idea that
children understand so much more than to what we give them credit for…but you know…They
are 5! Should I make them do this?”(Initial interview, October 7th, 2015).
Emily has had mathematical training as part of her education degree; she also took some
statistics courses in her undergraduate training. She revealed that she liked math, “to the point
that I remembered I wanted to be an accountant” (Initial interview, October 7th, 2015). As an
early childhood educator and as a teacher she had participated only in a few in-service
mathematics professional development sessions; however, she said that what has been really
important for her mathematics training was the possibility of working closely with a provincial
government numeracy coach. Emily stated: “By working with her, I have been able to critically
look at the K outcomes and dive into what they mean and what do they mean for the children”
(Initial interview, October 7th, 2015). Her work with the numeracy coach had started the year
prior to data collection; Emily mentioned that kindergarten, grade one, grade two, and grade
three teachers met periodically to work together with the numeracy coach. Emily also explained
that as a result of what she has learned in those meetings, she decided to change the annual
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programming for mathematics in her classroom and started to teach outcomes related to number
sense rather than patterning in September.
Emily explained that during the last year she received some resources from the
department of education to support the curriculum document and the teaching of outcomes. She
also referred to books and materials like “Math makes Sense,” and explained that she took the
idea of math work stations from Debbie Dillers (2011). Additionally, Emily made reference to
the idea of “pulling” a variety of mathematics teaching ideas from other teachers and social
media. Emily described herself as a learner and as a teacher that was always looking for ways to
improve her practice.

The Classroom Dynamic
Overall, the classroom had an intensive and well established routine with a sense that no
time was wasted. Everything from the space organization, to the visuals, the routines and the
activities, was intended for learning. Every day, children and educators participated in many
different activities; as an experienced teacher, Emily made the transitions between those
activities very smooth. She used songs, rhymes, and actions like clapping with a particular
rhythm, to make the transitions noticeable for the children; sometimes she used a horn to indicate
that time was over and that they had to clean up. She had a microphone hanging from her neck
that was turned on when she wanted children to hear her; she never raised her voice and always
remained calm.
There was a class schedule hanging in one pocket chart; each activity for the day was
labeled on a small card with its name and a related picture; every day Emily changed the order of
these cards depending on the activities children had outside of the classroom. Emily also
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explained that as the year passed she incorporated other activities (e.g. guided reading) within the
routine, therefore, some adjustment would have to be made to the schedule.
When children finished their tasks and moved between routines, they chose a book from
the shelves and read while they waited for the rest of their peers to finish. Interestingly, and
besides being early in the school year, children seemed adjusted to these transitions.

Epilogue
I went back to Emily’s class in November to pick up the copies of the transcripts; the
children were at the gym. Emily and I sat for a few minutes on the small chairs; she told me that
everyone in her class was doing really well and that soon she was going to start working on
report cards. I asked her if there was something on the transcriptions she wanted to discuss. She
said:
That was good...you picked all the good parts (laughing). I think, as I said, sometimes
it’s a very conscious choice on my part [switching] to the point that I will start to say
something and catch myself and I switch; sometimes I do it and I don’t realize it, and then
sometimes that switching is kind of moving children’s thinking ahead, sometimes is
presenting the term but kind of taking our thinking back like “this is what this means.”
(Final conversation, December 4th, 2015)
As we walked together to the school entrance (she had to go to pick up the children at
they gym) I thanked her for her collaboration and tremendous work. Then she said, “This has
been like professional development…and you know? I always say to the children: Try your best!
Well... I tried too. (Final conversation, December 4th, 2015)
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Appendix J
The Grade One Class
This section provides a further description of the preschool class. I focused on the
classroom space, the children, the educators’ professional background, and the classroom
dynamic. I conclude the case study description with a brief epilogue to explain my last visit to
the classroom.

The Classroom Space
The classroom was large; the walls were covered with all kinds of visuals: letter charts,
number charts, stories, children’s names, words, and posters with rules, thinking strategies, and
teacher’s reminders. There was a large window that covered almost the entire wall opposite to
the main door thus allowing for lots of natural light into the room. A large bulletin board
displayed upper and lower case letters distributed in columns. On the top of the bulletin board,
there were posters that displayed “Additions with Doubles”, for example, one of the posters had a
picture of a large truck with 8 wheels on each side and the notation 8+8 = 16.
On the largest wall there was a large whiteboard. The whiteboard was covered with
magnetic clips, sight words, a large magnetic hundred chart, and many different laminated sheets.
On one side of the white board there was a magnetic ten frame, a laminated part-part whole table,
and a small yellow poster that displayed four math strategies: counting on, doubles, counting
back, and making ten. Beside the white board there was a small bulletin board that had a poster
with a hundred charts, a calendar, and a banner with the question “How many days have we been
at school? on one side. Besides the banner, there were three columns of dots with Velcro with the
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headings “hundreds,” “tens,” and “ones.” A stool for the educator as well as a blue caddy were
near the white door; a rocking chair was also placed on that area of the room.
Children had individual child’s size desks that had been pulled together in groups of four.
Each of the four desks had a child’s name as well as the alphabet, the vowels, and a four frame
(for spelling) taped on the right side. On one side of the four desks, there was a small shelf; the
shelf had containers with different art supplies as well as a math journal, a printing journal, a
math handbook from the Department of Education, and a portfolio for each of the children who
belonged to that group. Besides the groups of desks, the classroom had a large table that was
used for guided reading, a small area with two desks identified as the listening center, and four
desks pulled together in a corner with four computers.
There was a desk with a computer for the teacher in one corner of the classroom. The
teacher also had a small round table; there were binders, books, worksheets, and different
resources including children’s assessment records, stickers, notes, and the educator’s lesson plan
for the day.
The grade one classroom had books distributed all over the room. Books were placed on
shelves, bags, and on many different containers. There was a shelf besides the carpet that
displayed books with seasonal themes (i.e., winter time) and children could read them
particularly during transitions.

The Participants
The children. When I started data collection, there were 18 students in the grade one
class; four of those students were girls; during my second week one more girl joined the group.
The teacher mentioned that she was going to receive more children through the winter from Asia

250
as they were expected to arrive in the neighborhood at any time. From the existing group, one
child had been diagnosed with autism and was working on different programs that met his needs.
There were five English as Second Language (ESL) students, but according to the educator their
level of English was very good and they could speak the language proficiently.
Each child belonged to a group identified by a colour. When a child made a “good
choice,” or showed “great attitude to learn,” the teacher asked him or her to choose a number for
the hundreds chart and circle it. The class knew that when all numbers on the chart were circled
they were going to have a celebration.
The educator. Susan (I am using a pseudonym to protect the grade one educator’s
anonymity) had 20 years of teaching experience. She graduated in 1990 with a Bachelor in
Psychology and 1994 she finished her Bachelor in Education degree. Susan had taught grade 6
and grade 1; she also had worked as a reading recovery teacher. By the time of data collection,
Susan had been teaching grade one for nine years.
Susan spoke many times about her tremendous interest in her students’ learning
and she consistently showed her students the high expectations she had for them. Susan
knew her students well and the children respected her; Susan tried very hard to check on
the children individually at least a few times a day.
Susan was always well prepared for class; her classroom and all the activities in which
children participated were well organized and had clear learning purposes. She consistently
stressed students’ learning expectations and expected behaviors in statements such as “Let’s
make good choices.”
Susan explained that during her school years she liked math and she was quite competent
with it; however, she later understood that she did not learn it properly:
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My experience was very old school; I don’t think I was taught the…I was taught in a row
ROTE way, you know? I was taught to count and to do things, but never truly
understanding, I don’t think, why I was doing what I was doing. (Initial interview,
January 5th, 2015)
As a pre-service teacher, she took one math course, “but the course was mostly doing
multiple choice quizzes and did not prepare us to teach elementary years” (Initial interview,
January 5th, 2015). As a teacher she participated in a few in-service mathematics professional
development sessions, but it was not until her opportunity to participate in a special program
offered by the Department of Education that she truly understood the meaning of the
mathematics curriculum outcomes:
I feel very fortunate because a few years ago we were given the opportunity here as grade
one team to get trained in “First Steps Mathematics;” the training was lead by the
Department but only certain teachers got it. That’s why I feel very fortunate because I did
get a stronger understanding of the developmental pieces that go with teaching
mathematics. (Initial interview, January 5th, 2015)

Susan also mentioned that her current school was chosen as part of a pilot government
project:
We took the outcomes for math and we broke them down and we looked at what was
foundational for each grade level so then we could build our program around those
foundationals; I think that process really helped me to really know my outcomes; so I
know what I need to teach and I know what has to happen. (Initial interview, January 5th,
2015)
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The Classroom Dynamic
The classroom had a well-established routine; the schedule was busy and tight but Susan
was always prepared and well organized for the next transition and for the next activity; children
never had to wait. After children finished their tasks and moved between routines, children chose
a book from the shelves and read while they waited for the rest of their peers to finish. Other
times, children were invited to choose a small whiteboard and to print numbers as far as they
could. Susan consistently checked the classroom’s clock; there was also a class schedule hanging
on one side of the whiteboard that children checked often through the day.

Epilogue
When I went back to the school to pick up the transcripts, I entered the grade one classroom and
saw children sitting on the carpet listening to Susan’s morning message for that day. Everyone
turned at my entrance and Susan happily greeted me. She went to her desk (after asking children
to remain seated and quiet) and walked with me to the door. We talked for a few minutes about
the research study and she said she had been thinking a lot about it after my departure, especially
because she was preparing an upcoming test for her students. She said she has been mostly
reflecting about how the use of terms is so important in language arts and that the same idea
should be considered in mathematics. “I know they are young,” she said; “but if you talk about it
and you use it enough at this level, it will eventually …they’ll take it on as theirs and use it [the
language of math themselves.” (Final conversation, February 5th, 2016
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