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CHAPTER |

INTRODUCTION

Reform in mathematics education remains under debate (Cavanagh, 2006;
Fosnot, 2005; Klein, 2007; Van de Walle, 1999). Math wars over the best way to reach
mathematical proficiency continue between traditionalists emphasizingdbasi
acquisition and constructivists who argue for inquiry and problem-solving. hwetsa
titled the ‘Common Ground initiative’, proponents from each side met to engage in
dialogue about mathematics (Mervis, 2006). While some commonalities wereédentif
what is seemingly lost in the discussion is the child’s voice. What do young childiren te
us they need to develop mathematically?

For years, educators have been taught to look to the child for the best way to teach
(Bredekamp, 2004). However, this voice of reason is increasingly lost in theomiklst
accountability movement, which some researchers say forces educatcgattalftr
students the same, in a sink-or-swim design” (Daro, 2006, p. 4). As standards make their
way into early childhood programs, it is imperative that educators reexamine key
research on how children learn mathematics (Bredekamp, 2004). Central $aathis i
understanding of what young children bring to the learning process and how tlaéoretic
perspectives can illuminate children’s mathematical thinking.

BACKGROUND

Young children are capable learners (Bredekamp & Copple, 1997). While



variations in socioeconomic backgrounds, experiences, and cultural differencpkiyna

a role in the types of learning they have developed, children are actively engaged in
constructing knowledge about their world from birth. In particular, children begin
schooling with varying amounts of early mathematical knowledge, much of which was
acquired without direct instruction (National Association for the Education of Young
Children [NAEYC]/National Council of Teachers of Mathematics [NCTM], 2003nnt
infancy, young children have developed mathematical understanding through acts of
experimentation, puzzlement, and meaningful problem-solving. However, this learning
has not occurred in a vacuum (Bredekamp & Copple, 1997). Rather, developmental
domains are interrelated. Physical, linguistic, social-emotional, andtieegmiowth are
closely related. As children progress in one area, the other areas cathaid in
development. Recent brain research supports this understanding. “The brain actually
functions as a whole in an interactive and integrated manner” (Bergen, 2004, p. 1).
Educators are charged with making connections across domains, enabling students to
develop optimal growth in all areas.

Researchers are becoming increasingly interested in understandingifdren’s
thinking is shaped by other domains, including language and social experiences,(Barne
1992; Cazden, 2001; Cobb, 2005; Gallas, 1994, 1995; Lindfords, 1999; Mercer & Sams,
2006; Mercer & Wegerif, 1999; Paley, 1981; Sarama & Clements, 2006a; Wells, 1986;
Whitin & Whitin, 2003). Closely related to this perspective are constructivisaresers
and theorists who recognize that children do not construct understanding of a concept in
isolation but through active engagement with the environment (Fosnot, 2005; von

Glasersfeld, 2005). Students need to identify their own questions, generate and test the



own theories, and discuss their findings in a community of discourse (Fosnot & Perry,
2005). Such a learning environment promotes knowledge construction as “dialogue
within a community engenders further thinking” (p. 34).

The importance of dialogue to cognitive development has been validated by other
researchers who found that talk is a primary way that learners explorestienstlips
between prior knowledge and new learning (Barnes, 1992, 2008; Cazden, 2001; Hyun &
Davis, 2005; Lindfors, 1999; Wegeriff, 2005; Wegeriff, Littleton, Dawes, Me&kcer
Rowe, 2004). Some researchers conclude that talking and learning develop concurrently
and suggest that from birth, children attempt to engage others in their sense-making of
the world (Lindfors, 1999). The link between talking and learning can continue into the
classroom as teachers and students work together not only to communicate but to
advance their own understanding (Barnes, 1992).

However, the typical classroom dialogue does not facilitate knowledge
construction (Barnes, 1992; Wells, 1986). Barnes proposes that classroom talk is
typically teacher-directed with a predetermined answer. Rarely dossyutese their
own questions. The teacher continues to use “her voice to control and shape the thoughts
and attention of the class” (p. 12). He terms this type of talk as presentatianats B
suggests educators should promote talk that is exploratory. In exploratory talierchi
talk their way into ideas as they .” .. make connections, re-arrange, recotizepaunal
internalize the new experiences, ideas, and ways of knowing” (p. 6) with one another.

PROBLEM STATEMENT
As a Kindergarten teacher, | find that young children enter my classroomnwith a

informal understanding of mathematics, much of which has been constructed as students



problem-solve and interact with their environment. Educators need to build on and
extend these early mathematical beginnings (NCTM, 2000). However, it can tdtdiffi

to fully understand a child’s conceptual knowledge. | wanted to gain access to my
students’ thinking as well as identify how to extend their understanding. Current
methods of teaching and assessment seemed to limit my awareness d¢fildtet c

knew by focusing on the more observable indicators of learning, such as oral counting
and number and shape recognition. However, these are examples of ‘surface knowledge’
(Kamii, 1982, p. 26) and do not accurately reveal what a child comprehends. As I looked
to existing theory for answers, | found that current math reform emphdsezbsriefits

of fostering talk in the classroom (NCTM, 2000). Through talk, thinking becomes visible
both to the learner and the teacher. However, not all talk is created equalk(B292).

If the aim of classroom dialogue is to provide opportunities for knowledge constructi

it is imperative that educators facilitate the kind of talk that builds learAivigat Barnes

(1992) terms ‘exploratory talk’.

PURPOSE OF STUDY

The purpose of this study was to examine what is revealed in Kindergarten
students’ exploratory math talk and how it could be used to advance understanding of
children’s mathematical knowledge. In addition, classroom discourse wagiegam
provide an understanding of the social context affecting the research. | usedcea teach
research design to gather conversations as students worked together-iaridrgmall-
groups to solve mathematical problems. An in-depth analysis of classroom discasirse
conducted utilizing a conceptual framework. Categories were open-ended to allow

themes or patterns to emerge from the data (Lankshear & Knobel, 2004).



Through this research study, | set out to acquire evidence of children’s
mathematical talk that corresponded with their internal understanding loé¢meatics. |
hoped to reveal a glimpse into their mathematical minds that the more standard
assessment practices do not reveal. In addition, as | analyzed thecttassrms and
teacher support evident in the discourse, | wanted to find examples of collaborative
inquiry as students worked beyond their present understanding.

THEORETICAL FRAMEWORK

Research into young children’s mathematical conversations was basedetfs Piag
constructivist theory. According to this theory, young children construct their
mathematical knowledge internally as they interact with the physidatacial
environment (DeVries, 1997; Kamii, 2000a). Understanding is viewed as a pirocess i
which children progress from a lesser to a more advanced level of knowledgeerkear
are viewed as active participants in the construction of their own knowledge as they
engage with the world they are interpreting (Crotty, 2004). Meaning is nelifestive
nor subjective; rather, it is dependent upon the interaction between the object and the
subject.

While some constructivists debate whether individual processes are more or les
important than social effects, Fosnot and Perry (2005) suggest it is more crucial to
understand the interplay between individual and social constructions of learning. They
assert that the individual constructs the social world which in turn interattsheit
individual. von Glasersfeld (2005) maintains that all learning is individually catstiu
Shared meanings are not possible as each learner constructs reality in @yisjuéle

cautions against terms such as shared knowledge, recommending the tenraStake



shared” which Cobb (2005) defined as group meanings that are, in actuality, individual
constructs of the social phenomenon. “In an interaction, each is constructing thegmeanin
of the other’s actions, sometimes misinterpreting and reinterpretingt i8Mhdividually
constructed thus incorporates constructions of the other’s constructions” (R00©,

p. 209)

Cobb, Wood, and Yackel (1993) find that “mathematics is a social activity . . . as
well as an individual constructive activity” (p. 92). Social interaction caasa catalyst
for individual cognitive development. What was crucial for this research islthat a
participants were considered to be constructing their own knowledge and mgflatti
and discussing their present level of understanding with one another in a classroom
discourse community.

Chaille and Britain (1997) contend that this process of knowledge construction
can be compared to theory building. When an environment is provided that allows for
“self-direction, experimentation, problem-solving, and social interaction” (p. 12)
students are able to form connections with prior knowledge—in essence, build theories
about their world. These theories are continually evolving as students are engaged in
experimentation, error, and conflict. This constructiasdefined how the learning
environment and the learner were viewed throughout the study.

RESEARCH QUESTIONS

The primary research question was what is revealed in Kindergarten students’

exploratory mathematical conversations? Specifically, in examinisgrolam

discourse, the following questions were addressed:



e What mathematical concepts are present in Kindergarten students’ exglorator
talk?

e What does exploratory math talk sound like in Kindergarten students?

¢ When do students engage in exploratory talk?

e In what ways are students supported in their math talk?

e How are social norms reflected in math conversations?

SIGNIFICANCE OF STUDY
Education reform calls for constructivist teaching in mathematidsf{&c 2005).

However, researchers acknowledge that it can be difficult to put in place@adea
theory that is not a teaching theory (Fosnot & Perry, 2005). In particulamipestant
to identify what such an environment looks like for young children. In the joint position
statement on early childhood mathematics, NAEYC and NCTM state that “B&nce t
1970’s a series of assessments of U.S. students’ performance has raveaiecla
level of mathematical proficiency well below what is desired and needed” (2003, p. 1).
They call for greater attention to be given to early mathematical erpese
Furthermore, they suggest that while much has been gained in understanding what
mathematical concepts young children are able to acquire and the methodshiogtea
these, the vast majority of early childhood programs have a “considerable distgoce
to achieve high-quality mathematics education” (p. 2). Reasons behind this disgrepa
may include lack of professional knowledge on the part of educators, high levelghof ma
anxiety in society, and an emphasis on more traditional types of mathemsttiastion
that focus on skills and memorization (Battista, 1999; Bredekamp, 2004).

Constructivism, though controversial, remains the best explanation of how children lear



based on current cognitive and neurological findings (Fosnot, 2005). Thus, it was
necessary to foster a constructivist classroom environment for mathématica
development.

LIMITATIONS

While this research project provides information about a select group of young
children’s mathematical conversations, it is limited in generalizingner gettings.
Rather, it is a glimpse into the lives of my Kindergarten students as theyekpolved
problems, and discussed their findimgathematicallyn a discourse community. The
descriptive nature of the project may allow readers to evaluate the applicithe
research to their own settings. In addition, as with any qualitative resdwrcestlts
are limited by the integrity of the investigator who served as the primstrument for
data collection and analysis (Merriam, 1998). With the dual role of teachartiese |
acknowledge the unequal relationship between myself and my students. As an ethical
researcher, this knowledge came with the responsibility of avoidingrimown sources
of coercion which would have decreased the validity of the study.

MEANING OF TERMS

The following terminology will be utilized throughout the research study to
promote clarity and understanding for the reader:

Big Idea: Clements (2004) defines the big ideas of mathematics as “those that
are mathematically central and coherent, consistent with children’s thinking, and
generative of future learning” (p. 13). He suggests that research anddheory
recommend what ideas are “challenging but accessible” (p. 13) to youdgenhil

Fosnot and Dolk (2001) suggest that big ideas are often linked to shifts in children’s



reasoning abilities. “These ideas are big because they are cotmatitematics and
because they are big leaps in the development of children’s reasoning” (p. 11).
Centration: Piaget (1965) found that young children typically focus on one
aspect of a phenomena (centering) such as height or width while disregahding ot
factors. This is called centration. As children develop cognitively, they mowe f
centration to a more objective view of the world called decentration or decgnterin
Collaborative Inquiry: Inquiry means to seek information through questioning
(Lindfors, 1999). As an instructional practice, inquiry is based around questions and
invites students to work together to solve problems rather than receiving iosisuct
from the teacher. When combined with the word ‘collaborative’, the definition takes on
a new meaning to include “a joint production of ideas, where students offer their
thoughts, attend and respond to each other’s ideas” (Staples, 2007, p. 162) and generate
taken-as-shared meanings or understandings through their combined efforts.
Constructivism: Constructivism is @ognitive learning theorin which learners
are viewed as active participants in the construction of their own knowledge as they
engage with the world they are interpreting (Fosnot & Perry, 2005). As |sauhegpt to
their environment, they engage in a process of assimilation and accommodation.
“Assimilation (to make similar) is activity, the organization of experiefgel6). The
learner attempts to incorporate new experiences into existing intereahaar
relationships. When new experiences do not fit into existing schema, the learner
accommodates or modifies the existing mental structures to fit the nevieexge
Classroom Discourse:Classroom discourse is the communication system that

transpires in the classroom setting (Cazden, 2001). It is the languagedeatsand



teachers utilize to communicate with one another. Mercer (1995) terms thaf type
classroom talk that focuses on teaching and learning as “educational dis¢pu&y’

He notes that traditionally, discourse has followed an Initiation-Respa@esth&ck

exchange where the teacher asks a question, students respond, and the teacher provides
feedback.

Conservation: Conservation is a state of understanding in which the learner
logically determines that a certain quantity will remain the same desgjiistment of its
spatial arrangement or appearance (Kamii, 2000a). Piaget found tdatclzibnserve
or do not conserve based on their own level of reasoning.

Disequilibrium: Piaget defined this term to mean a state of puzzlement when
new information or situations do not fit into one’s existing understanding ( Fosnot &
Perry, 2005). The learner attempts to reach a state of equilibrium or new andieigt
called “equilibration” (DeVries, 2005). Fosnot and Perry caution that the term éxas be
misinterpreted and is not a “sequential process of assimilation, then ¢dhéict
accommodation” (p. 18). Rather itis a nonlinear process of adaptation, growth and
change.

Egocentricity: Egocentricity can be viewed as “being able to think only from
one point of view, usually one’s own” (Kamii, 2000a, p. 40piaget (1997) found
through his research that young childdennot have the mental ability to understand that
other people may have different opinions and beliefs. However, when children express
points of view with each other, they are forced to decenter and appreciate others’

perspectives.

10



Exploratory Talk: Douglas Barnes (1992) is perhaps best known for his
research on exploratory talk. “I call this groping towards a meaning ‘exmipttaik’. It
is usually marked by frequent hesitations, rephrasing, false starts, agg<lofn
direction” (p. 28). Barnes also compared exploratory talk to the first drgé efa
writing. In addition, Cazden (2001) identifies exploratory talk as “speakitigputi the
answers fully intact” (p. 170). Exploratory talk occurs when students use languag
explore their thinking.

Logico-Mathematical Knowledge Piaget identified three types of knowledge,
including social knowledge which includes the language and conventions created by
society; physical knowledge that involves learning about objects in theinalxteality;
and logico-mathematical knowledge which consists of mental relationshipsehat a
created internally by each individual (Kamii, 2000a).

Math Talk: Classroom talk that supports mathematical learning which may
include talking about mathematics, explaining answers, or describingssatsed to
solve problems (NCTM, 2000).

Mathematical Discourse Community: A mathematical discourse community is
a social environment that encourages classroom dialogue that supports mathematica
learning (Chapin, O’Connor, & Anderson, 2003). Establishing a safe, nurturing
environment where students feel comfortable sharing their thinking requiresnglanni
such as setting ground rules for talk.

Presentational Talk: Barnes (1992, 2008) identified classroom talk that
emphasizes rote learning with a predetermined answer as presentationble notes

that presentational talk is typically utilized for testing students on infaymatready
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taught. During presentational talk, the speaker is focused on the needs of the aslience
opposed to exploratory talk where students are focused on sorting their own thoughts.

Problem Solving NCTM (2003) identifies learning to solve problems as the
major goal of school mathematics. They recommend that students be given opportunities
to apply the mathematical concepts learned to solve thought-provoking problems.

Qualitative Research: Qualitative researcis a field of inquiry that focuses on
“a deep understanding of a social setting” (Bloomberg & Volpe, 2008, p. 7). Qualitative
research differs from quantitative research in many ways, including thefrtile
researcher who is the primary means for data collection and analysdditiorg
gualitative research is usually done in a natural setting, utilizes an induetearch
method, and is richly descriptive (Merriam, 1998).

Reasoning: Reasoning can be defined as making sense of something and is
essential to mathematical understanding (NCTM, 20008ckel and Hanna (2003)
differentiate between mathematics as reasoning and mathematicyias afsrules and
procedures. While they note that students may gain an understanding through set
procedures, they do not develop an understanding of the underlying relationships of
mathematics. Opportunities to explain, challenge, and defend promote the development
of reasoning.

Representation: NCTM (2000) defines representation as ways in which children
represent their thinking. These can include picture drawing, use of manipylatives
writing. Representations can also be used to communicate thinking and to model
mathematical concepts. Piaget (Kamii, 2000a) distinguished between rsigsygnabols

which many view as representations. Signs are considered social knowledge and ca
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include number writing and therefore, cannot be invented by the child. Symbols,
however, represent the child’s thinking and are invented by the child.

Scaffold: Mercer (1995) identifies scaffolding as talk that guides and supports
the learner which is increased or withdrawn based on developing competence. However,
DeVries (2000) cautions that terms such as “guide and support” have been left open to
interpretation, resulting at times in a more behaviorist application. Theptafce
scaffolding through talk can describe how a teacher or students can be actyedyed
in another student’s learning activity (Mercer, 1995). While the learneths &brefront
of the learning activity, he or she is able to progress further in understandinghthrou
others’ interactions.

Social Norms: Social norms are rules that a group uses to define appropriate and
inappropriate behavior that transpire in the classroom (Yackel & Cobb, 1996).thn ma
social norms “regulate the activity of doing and talking about mathema@Gosit(

Wood, & Yackel, 1993, p. 105).

Sociocognitive Conflict: Sociocognitive conflict can be defined an intellectual
disagreement between learners (Kamii, 2000a). Piaget found that sociocompmfiict
is essential for a learner’s progression through various cognitive stages, Dogny,
and Perret-Clermont (1976) conclude that “conflicts of cognitive centration delethén
a social situation, are a powerful factor of cognitive development” (p. 245).

Sociomoral Classroom: Asociomoral classroom supports and promotes
children’s social, moral, and cognitive development (DeVries & Zan, 1994). AdedHi
community is emphasized as students make decisions about classroom life, dgaliss s

and moral problems, and engage in negotiations with peers and teachers (DeVries, 2000).
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Speech Disfluencies Speech disfluencies can include irregularities that occur
within the flow of more fluent speech (Cazden, 2001, Eklund, 2004). These can include
fillers such as um or er, repeated phrases, or other disfluencies. Cazderssuggest
students try to form ideas while speaking, the result may be difficult to unbkrsta

Teacher Research:Cochran-Smith and Lytle (1993) define teacher research as a
“systematic and intentional inquiry carried out by teachers” (p. 7). Lankahda
Knobel (2004) redefine teacher researchers as “classroom practitivpasyslavel . . .
who are involved individually or collaboratively in self-motivated and self-gesrat
systematic and informed inquiry undertaken with a view to enhancing theiroioeati
professional educators” (p. 9).

CHAPTER SUMMARY

This chapter describes the critical components necessary to comdestieidy;,
including the problem, purpose, and research questions which are aligned to promote
cohesiveness. In addition, the theoretical framework, significance oltihg ahd key
definitions are also shared. To conduct the investigation, a broad spectrum of theory and
research was examined. These perspectives will be explored morg tidSkapter
Two, revealing their influence on the current research study. The resecttobdology
is explained in Chapter Three, including a rationale for a qualitative te@dearch
stance and identification of the participants, setting, data collectithods and analysis
procedures. The research findings resulting from the data collection andsaaidys
shared in Chapter Four. Chapter Five presents the conclusions and recommendations for

practice and future research along with the researcher’s persondlarfiec
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CHAPTER Il

REVIEW OF LITERATURE

INTRODUCTION

The purpose of this study was to identify what was revealed in Kindergarten
students’ exploratory math talk. Specifically, the researcher sought to amdiengiat
mathematical understandings were present in their talk and to examineighe@uext
of the classroom affecting the study. To complete this study, it was ngcessanduct
a critical review of current literature. The review was ongoing througheuata
collection, analysis, and synthesis stages of the study. Both current theoegeard
were examined as well as significant studies that had been conducted irt.the pas

During a review of literature on math talk and mathematics, various themes
emerged and were explored. These included (a) the history of mathemataisoedac
the United States; (b) a constructivist approach to mathematics; (catpngod
learning; (d) social interactions; (e) exploratory talk; (f) mathesabtliscourse; and (g)
mathematical discourse communities. A literature review of these shenmédes an
understanding of the history, current research, and areas for future inquiry togoromot
insight and understanding into the overall topic. However, these understandings must be
intertwined with knowledge of the young learner. In recent years, @altjhood

education has faced an “‘accountability shovedown’ that threatens the yntdgrérly

childhood professionals and the quality of educational experiences for youngrchildre
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(Hatch, 2002, p. 457). A myriad of expectations have been forced on young children,
many that do not take into account how they learn. This necessitates a view of the youn
learner that informs both the literature review as well as the resear@sfrda
addition, constructivist theory is reviewed throughout the chapter to provide a dontext
understanding. Finally, a conceptual framework is revealed, drawing on implications
from research along with insights and experiences of the researcher. obeisspof
honing the research question will provide an organizing structure for the remaining
research process.

HISTORY OF MATHEMATICS EDUCATION IN THE UNITED STATES

OVERVIEW
Classrooms and talk would seem to go together. As children engage withgeacher
and classmates, formal and informal discussions arise (Barnes, 1992). Homwavest
so distant past, educators believed that a quiet classroom reflected a high lexgiodf ¢
and was the epitome of teaching success (Edwards, 1994; Kohn, 2000). Teachers learned
to quickly silence their students when a principal walked by. Upon entering such a
classroom, visitors would find students quietly engaged in study, heads bowed as they
completed independent seat work. When talk occurred, it was largely teachtddaiec
students answered predetermined questions, hoping to gain the teacher’s approval
(Barnes, 1992; Edwards, 1994; Wells, 1986).
Mathematics, in particular, emphasized rote learning with little disoussi

dialogue (Battista, 1999). However, a large body of research on how children learn
challenged this passive view of the learner and introduced a cognitiven¢gtireory,

constructivism (Fosnot, 2005). In constructivism, learners construct knowledge by
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building it internally rather than acquiring it directly from the environnfgamii,
2000a). Yet this theory was met with resistance by both educators and theorists
initiating the math wars that are prevalent today (Fosnot, 2005). It is impartant t
examine why constructivism was, and remains, such a radical departarenfn@
traditional math instruction.

FINDINGS

During the early 20 century, learning was defined as a “change in behavior”
(Fosnot, 2005, p. 276). Learning tasks were viewed as a series of skills, arranged from
simple to complex, that the learner had to master before moving on to another concept.
In such an environment, teaching emphasized drill and practice. This learningchpproa
was based on behaviorist theory which “reinforced the commonsense belief traatdirill
reinforcement enhance the internalization of knowledge” (Kamii, 2000a, p. 16).
Behaviorism stems from an empiricist theory of knowledge. Empiricists/bahat
knowledge exists outside the individual and must be internalized directly from the
environment.

In mathematics education in particular, the behaviorist mode of instruction
emphasized memorization of facts and algorithms that held little meanimg stutents
(Battista, 1999). Timed tests, textbooks, and pencil-and-paper computation—these
represented mathematical instruction in the traditional domain to severatyamseof
students and would directly influence how mathematics was taught even in the midst of
later mathematics reform. Numerous research studies indicated thatlthentah
method of teaching mathematics was not only ineffective, but also seriouggdlithe

development of students’ problem-solving skills and reasoning abilities (Kekoatr
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2003). In 1976, the National Science Foundation prepared three studies on mathematical
teaching practices (Fey, 1981). James Fey, in his summary of the reptats;teta
suggests very common use of an instructional style in which the teacher agplanalt
guestioning is followed by student seatwork on paper and pencil assignments” (p. 6).
The emphasis on procedures over understanding impacted student test scores as well
The National Assessment of Education Progress [NAEP] examines students’
mathematical learning in the United States (Kenney, 2000). Test resoitthiat time
period indicate that students were proficient in computation problems but weialyypic
unable to solve problems that involved reasoning or higher-level thinking (Wearne &
Kouba, 2000).

During the late 1980’s, a major paradigm shift began in mathematics with the
introduction of the Curriculum and Evaluation Standards for School Mathematics,
published by NCTM in 1989 (Kilpatrick, 2003). These standards were based on Piaget’'s
constructivist view of learning and directly challenged “the very naturehaics
mathematics” (Battista, 1999, p. 2) which relied on a behaviorist approach. \\dgéd Pi
acknowledged that behaviorism is a scientifically-proven theory, he found that it
represents only a small part of learning (Kamii, 2000a). Kami notes tiatikiewise
still true, from the limited perspective of surface behavior, that drill amébreement
‘work™ (p. 16). Piaget’s constructivism encompasses behaviorism by placingatinede
at the very forefront of the learning process.

Teachers who base their practice on constructivism reject the notions that

meaning can be passed on to learners via symbols and transmission, that learners
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can incorporate exact copies of teachers’ understanding for their own usd. . . a

that concepts can be taught out of context (Fosnot, 2005, p. ix).

Reform efforts became widespread throughout many American schools as
educators attempted to change their teaching in accordance with NCTiMlarsis of
1989 and the Principles and Standards for School Mathematics [PSSM] released in 2000
(Klein, 2007). The later document introduced prekindergarten standards fortthe firs
time, causing states to examine and modify their programs for young oH{i@lesments,
2004). However, reform was met with much opposition from both teachers and parents,
many of whom had been raised in the era of traditional mathematics instructtatéd
1999; Klein, 2007).

In May of 2000, the Conference on Standards for Prekindergarten and
Kindergarten Mathematics Education was held (Clements, 2004). The purpose of the
conference was to bring together educational leaders to coordinate standardula,
and teaching methods appropriate for mathematical learning in young chikine
overall conclusion from the conference was that young children possess an informal
understanding of mathematics that is often underestimated. Early childhoodartassr
must connect these early understandings to more formal ways of knowing. Young
children need opportunities to reinvent and redefine what is first understood intuitively
regards to mathematics. Emphasis should be placed on learning what aretiermed t
“big ideas” (p. 15) of mathematics, which include number and operations, algebra,
geometry, data analysis, and measurement. However, Clements acknowled@s tha
present, most teachers do not know what to do about mathematics for the young children

with whom they work” (p. x).
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To assist teachers with implementing mathematics reform, NCTM (2006)
published the Curriculum Focal Points which identifies key mathematical tapiea¢h
grade. Some critics argued that NCTM, with the release of its focal peagsadmitting
the weakness of their standards (“Fuzzy Teaching Ideas”, 2006). Howevedy] NCT
maintained that the focal points were created to correctly implementtitasts
(Fennell, 2006). In a letter to the editor of the New York Times, Francis Feonglgrf
president of NCTM, writes:

What some refer to as basic skills . . . have always been a fundamental core of

elementary school mathematics. Always. But we want more. We want children

to understand the mathematics they are learning and we want them to be able to

solve problems, which is, in the long run, why we do mathematics (p. 1).

In 2008, the U.S. Department of Education released ‘The Final Report of the
National Mathematics Advisory Panel’ (National Mathematics AdvisoneR2008).

The panel examined what President Bush termed the “best available saieséficch”

(p. xv) to use for improving school mathematics. The report highlights findings on how
to strengthen mathematics education, including the need for a “focused, coherent
progression of mathematical learning with an emphasis on proficiency witokeg”

(p. xvi). However, the panel has met with controversy. Boaler (2008) writes that only
guantitative research with its emphasis on “randomized controlled trials” (yas3)
accepted, excluding a large body of qualitative research. In addition, otlosy ltaive

noted that the majority of the panel participants were known as critics of.czingst-

based mathematics (Cavanagh, 2006).
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Currently, various extremes of the mathematical continuum can be found in our
nation’s schools (Fosnot, 2005). Some educators advocate the need for basic skill
acquisition, adhering to a more traditional form of mathematics instructionrsOthe
follow what they view as constructivist theory. Early childhood classrooms ioylart
have felt the inconsistency among standards and guidelines (Clements, 2004). While
math standards are now more commonly found in early childhood instruction, many of
the accompanying curriculum and teaching strategies may be inapgdprigbung
students. Fosnot (2005) suggests that part of the problem may lie in misintenpsetéti
constructivism, “often equating it with hands-on learning, discovery, and a host of
pedagogical strategies” ( p. 277).

We again run the risk of short-lived reform, or “fuzzy-based” practice unless

educators understand the theory, the connections across the disciplines of reforms

and the major restructuring that is needed in schools . . . if we are to take

constructivism seriously (p. X).

IMPLICATIONS

Constructivism has been shortchanged in many American classrooms (Fosnot,
2005; Van de Walle, 1999). Public misconceptions, the math wars, misinterpretations-
all have played a role in limiting its value to education. Thus, it is important to add to the
knowledge base on how mathematics reform can be achieved in the classroom lsetting
addition, reform has been particularly inconsistent for the early childhoododasand
should be a topic of further study (Bredekamp, 2004; Clements, 2004).

Kamii (1982, 2000a) and Battista (1999) question the continued illogical practice

of teaching mathematics without an underlying understanding of scientibig/the
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Mathematics is not memorization. It requires “error, conflict, and contradi¢Chaille
& Britain, 1997, p. 6) to result in meaningful knowledge construction. This knowledge
alone should change the focus of the math wars—not by identifying the best method of
mathematical instruction but instead by focusing on how children construct nadittem
knowledge (Kamii, 2000a).
A CONSTRUCTIVIST APPROACH TO MATHEMATICS
OVERVIEW

The mathematics classroom was to become a community of inquiry, a problem-

posing and problem-solving environment in which developing an approach to

thinking about mathematical issues would be valued more highly than

memorizing algorithms and using them to get the right answer (Schifter, 2005, p.

85.

A constructivist approach to mathematics teaching requires a change igmaradi
(Fosnot & Perry, 2005; Van de Walle, 1999). Educators teach as they were taught, which
for many is based on the behaviorist approach to mathematics (Battista, 1999;
Duckworth, 1989). Mathematical knowledge, however, is no longer viewed as the
acquisition of skills. Rather, it is “first and foremost a form of reasoniBgttista, 1999,

p. 428). Mathematics requires logical thinking—the ability to formulate and test
assumptions in an attempt to make sense of the world. Constructivist theory proposes
that knowledge is constructed from within through the act of abstraction, not by
absorbing information from teachers or textbooks (Battista, 1999). Kamii (2000a)
identifies two types of abstraction: 1) empirical abstraction in which #nedefocuses

on one property of an object, ignoring the other properties; and 2) constructive
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abstraction, also called reflective abstraction, that involves creatirigmslaps between
two or more objects. The similarity or difference between objects is caestiug each
learner through reflective abstraction.

Fosnot and Perry (2005) believe that reflective abstraction is vital teaherig
process. “As meaning makers, humans seek to organize and generalize across
experiences in a representational form” (p. 34). In examining recent nemeesci
research, Battista (1999) maintains that abstraction is crucial foottstruction of
mental ideas that are used to reason about mathematics. However, to truly understand
mathematics, reflection over past experiences or actions involving maitedrugas is
necessary. As children communicate their mathematical understandingrehey
reflecting on and revising their thoughts (Fosnot & Perry, 2005).

To facilitate children’s thinking, educators must be cognizant not only of what
each child brings to the classroom environment but work to foster young children’s
innate abilities to solve meaningful problems (Chaille & Britain, 1997; NCTM, 2000).
This dynamic, interactive process builds on children’s prior knowledge. B#it#39)
finds that “virtually all students enter school mathematically heatityenjoying
mathematics as they solve problems in ways that make sense to them” (p. 426). As
children solve problems, they are applying their understanding of mathgmatic
meaningful ways. NCTM (2000) states that “the most important connection for early
mathematics development is between the intuitive, informal mathematiciutiants
have learned through their own experiences and the mathematics they are learning
school” (p. 132). Educators must provide opportunities for children to make connections

that clarify and extend their thinking. Young children need opportunities to experiment

23



and fail; modify and try again. Such an environment invites conflict, error and digcover
through peer and teacher interactions (Fosnot & Perry, 2005).
FINDINGS

In examining current research on constructivism and mathematics, several
significant studies were identified supporting constructivist teaching.iiKh894)
found that algorithms can be harmful to students’ reasoning abilities. Utidzing
guantitative research method, Kamii studied second graders and their alsbtyd an
addition problem requiring regrouping. One class was taught using traditioohaits
by the teacher. The second class followed constructivist principles in $iseodan, but
had been introduced to algorithms at home. The final class, the non-algorithm group,
invented their own strategies according to constructivist theory. Kamii founthéha
non-algorithm group had the highest percentage of correct answers. lorgdddny
students in the algorithm group gave unreasonable responses. Kamii maintains that
algorithms are harmful because “they encourage students to give up their owmgthinki
and they ‘unteach’ place value” (Kamii, 2000a, p. 83).

In addition, Kamii (2000a) compared two groups of first graders as they solved
word and computation problems. One group was referred to as the ‘constructouigt’ gr
The majority of these students had been in a constructivist Kindergartenoatasnd
were currently in a constructivist first grade. The second group, known asxtieak’
group, had a similar population but were instructed using a textbook series and
workbooks. Data were collected using individual interviews with the students. For the
first part of the study, students were given word problems to solve. Pencil, paper, and

counters were available for use. Students were asked to explain their resgookses w
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varied in difficulty and included some multiplication and division problems. For the
second part of the study, students were given computation problems to answer within a
predetermined time limit.

Kamii’s (2000a) findings suggest that the constructivist group was ablasore
more logically. Some students were able to do multiplication and division word
problems, something typically not introduced in first grade textbooks. In addition, the
constructivist group had higher scores on the computation problems. Many of the
students from the textbook group answered illogically, indicating that “textbook
instruction not only failed to develop children’s logico-mathematical knowledge daut al
began to harm their ability to reason numerically” (p. 228).

However, not all research indicates the superiority of constructivistitegpehen
compared to traditional instruction. Chung (2004) examined third graders’ ability to
learn multiplication facts. Four classrooms participated in the quantitatigg sTwo
classrooms received traditional instruction on multiplication; the remaitasgrooms
were taught using a constructivist approach. Using a pre-test/podésest, both
groups of students showed significant gains in their multiplication skills Feaneher
found no statistical difference between the two groups based on type of instructi
However, the author acknowledges that the instructor using the constructiveaappr
expressed difficulty in teaching multiplication through the use of manipulatnges a
would have benefited from additional training.

IMPLICATIONS

Constance Kamii's research remains highly influential in mathemafesn

(NCTM, 2000). Her findings support the use of constructivist theory to teach
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mathematics. What was interesting to note was the superiority of the constrgcoup

in computation skills. Many supporters of traditional math instruction emphasize the
need for basic skills, erroneously believing these skills are overlooked inumbivett
classrooms. However, rather than applying a behaviorist model of memorization,
constructivists believe children need opportunities to construct an understanding of such
concepts (Fosnot, 2005; Hiebert, 2003).

While there were no statistical differences between the two groups of students
Chung’s (2004) findings, her research highlights the difficulty many educateesrha
applying a theory of learning, not teaching, to the classroom setting (Fosnot, 20@5). Thi
indicates that further studies are needed on applying constructivist théwsyraction.

All three of the studies cited utilized quantitative research methods. However,
Cochran-Smith and Lytle (1993) question the cause-and-effect type relgt®oéien
found in quantitative studies when applied to the classroom setting. Qualitadigeches
can provide a deep understanding of a social setting (Bloomberg & Volpe, 2008). Thus,
an area for further study would be to examine mathematical teaching in aictivist
classroom utilizing a qualitative research method. Such a classroom, based on a
constructivist approach to mathematics, would include opportunities for students to solve
meaningful problems and invite constructive abstraction (Fosnot, 2005). In addition,
discourse has been called for in mathematics reform (NCTM, 2000). Attention must be
given to examining the connection between language and learning to determaie the r
talk can play in knowledge construction.

LANGUAGE AND LEARNING

OVERVIEW
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Really to understand where a child is and, hence, how we can most helpfully
contribute to his or her further learning, it is necessary to listen to what he or s
has to say—to try to understand the world as he or she sees it (Wells, 1986, p.

118).

The classroom is a social place; filled with individuals actively engaged in
learning (Barnes, 1992; DeVries & Zan, 1994; Kamii, 2000a). With such learning comes
a steady stream of language. Many researchers have been puzzled by the/éak be
language and thinking (Cazden, 2001; Mercer, 1995; Wells, 1986). Fosnot (2005) writes
“What is the interplay between language and thought? Is language just a symboli
representation of previously constructed ideas or does language acfieallyrefught?”

(p. 26).

The role of language in cognitive development is one of the most noted

differences between constructivist theorists, Piaget and Vygotskirig3e 2000).

Piaget (1926) found that language does not necessarily mirror a child’s andergtand

that reasoning is reflected in actions, not words. In his early works, Piaigetdehat
language can be a misleading indicator of what a child knows (Duckworth, 1996). In his
later research, he maintained that a large amount of logic is not revealedadh.spe
Vygotsky (1934/1986), however, disagreed as he believed that language is esstgial
development of thought. He found that there is a strong connection between speech and
cognitive development. Vygotsky described inner speech as very different fremagx
speech (Berk & Winsler, 1995). External speech turns thoughts into spoken words.

Inner speech is the opposite, turning words into thoughts.
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Piaget and Vygotsky also differed in their interpretations of childreng ea
speech (Berk & Winsler, 1995). Both theorists discovered that young childrenltypica
talk to themselves as they engage in activities. This self talk is comkmoown as
“private speech” (p. 34). Piaget viewed private speech as egocentrictimgfie child’'s
inability to take others’ perspectives. He believed that private speect b®uéplaced
with more advanced talk as the child’s cognitive abilities developed. Vygotsky
(1934/1986), however, felt that private speech occurred when children were working on
difficult tasks. He believed this type of talk was not used to communicate witis.othe
Rather, it was to enable learners to be self-regulated “as they guidechaitior
verbally” (Berk & Winsler, 1995, p. 37). Private speech becomes gradually iltecha
to become inner thoughts.

Barnes (1992) offers a different view of talk and learning. He maintains that
language, while not the same as thought, allows learners to reflect on their shought
Barnes contends that this view of talk and learning is not in opposition to Piaget’s
constructivism. “There is an important difference between arguing that tHepleeat
of cognition depends on the development of language—an assertion which Piaget has
firmly rejected—and arguing that speech enables us to control thought” (p. 101).

The importance of dialogue to cognitive development has been validated by
researchers who found that talk is a primary way that learners exploreatinstlips
between prior knowledge and new learning (Barnes, 1992; Cazden, 2001; Fello, Paquette
& Jalongo, 2006/2007; Gallas, 1994; Lindfors, 1999). Barnes makes the distinction
between school knowledge and action knowledge, maintaining that school knowledge is

what is presented to students, typically by teachers. “We partly graspugtreto
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answer the teacher’s questions, to do exercises, or to answer examinatiamsjulestiit
remains someone else’s knowledge, not ours” (p. 81). Action knowledge, however, is
knowledge that has been internalized by the learner. He maintains that througiyé&ng
children are able to make learning their own. “They will be both putting oldiéamil
experiences into words in order to see new patterns in it and trying to makefseese
experiences by finding a way of relating it to the old” (p. 83). However, Baomésnzls
that classrooms typically view talk as a means of communication, failiegaogmize its
role in learning. “Through language we bogiteivea meaningful world from others; and
at the same timmake meaningBy re-interpreting that world to our own ends” (p. 101).

Mercer (1995) agrees that talk can guide a child’s knowledge construction as
knowledge is both individually and socially constructed. Furthermore, Mercer suggests
that a teacher or even another child can enter in to a learner’s constpnotiess
through talk. Lindfors (1999) likens the act of inquiry to a language act in wiech t
learner engages another’s help in going beyond current levels of understandsg. Thi
“emergent inquiry” (p. 48) can continue into the classroom setting through
communication acts between teachers and students.

FINDINGS

Other researchers have examined the connection between classroom talk and
learning (Lindfors, 1999; Gallas, 1994, Fello, Paguette & Jalongo, 2006/2007). Lindfors
studied conversations that occurred in Vivian Paley’s kindergarten classroomiteShe
transcripts that reveal how individuals go beyond their initial understandings and
contribute to the thinking of others during classroom discussions. Gallas, using a teache

research design, examined the science talks that occurred in her primaasagmm.
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She finds that the children co-construct or build ideas together about science coficepts
could view how their ideas developed, watch theories being built, and be amazed at the
power of a group of children thinking together” (p. 12). She compares this proceds to tha
of scientific discovery where scientists engage in discourse, interaanaterials, and
engage in error and conflict as they build theories.

In addition, Fello, Paquette and Jalongo (2006/2007) studied the use of talking
drawings with older elementary students using a qualitative reseaigh.dé&salking
drawings enable students to illustrate their understanding of science topgausiork
to integrate new knowledge with prior knowledge. While drawing, students argegihga
in discourse about their illustrations with a partner. The researchers founil desits
pre- and post-drawings clearly reflected learning and enabled studenteépitalize
abstract ideas as they shared their thinking through talk.

IMPLICATIONS

Language and its role in learning continues to be of interest to ressarcher
“Questions about the relation of thought and language have fascinated scholars for
centuries” (Lindfors, 1999, p. 226). While the importance of language to development is
debatable, Barnes (2008) suggests that language allows us to control and reflect on our
thoughts. This is necessary for knowledge construction because, as the |déiaatsr re
over past experiences and actions, related abstractions are integmtadrancomplex
relationships (Battista, 1999).

In addition, talk is now more commonly found in classrooms due to reform efforts
(NCTM, 2000). However, the cognitive benefits that may arise when students angage

discourse is not typically understood (Barnes, 1992). Through this research, tihe reade
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may visualize how student talk can be a viable means not only for communication but for
cognitive development.
In examining the research on talk and learning, the qualitative, holistic oture
the studies promotes application to my own classroom. In particular, Gallas’ (1994)
teacher research has been especially inspiring as her question about Mfeat Ehow
is similar to my own. All three of the studies demonstrate how learners wettkéogo
construct knowledge. However, it is important to emphasize that all learning is
individually constructed (von Glaserfeld, 2005). With this in mind, DeVries (2000)
suggests that those with Piagetian views need to move “toward greaterajmpred the
co-construction of meaning in social interaction” (p. 209). She recommends that further
study is needed to understand how individuals constructing knowledge in social settings
can support one another. My research study examines Kindergarten students’
mathematical conversations as they engage in problem-solving activiies. T
constructions of knowledge are their own. However, they are supported in their
construction by others, including their peers and teacher. Thus, it is imporé@nine
how social interactions can facilitate learning.
SOCIAL INTERACTIONS
OVERVIEW
Social relationships play an increasingly significant role in childréres |
(Bredekamp & Copple, 1997). From infancy, babies show an interest in the faces of
other infants. Young children, while not able to play cooperatively, will papdilg
alongside their peers. Learning to interact with other children is a cgeebin many

early childhood programs. Peer relationships not only affect a child’s cognitive
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development, but also their social and moral development (DeVries & Zan, 1994). As
children interact with children their own age, the relationships formed are craredt
by an equality that can never be attained in adult-child relationships.

The centrality of social interactions to development is most commonly agttibut
to sociocultural constructivism influenced by Vygotsky (DeVries, 2000). However
DeVries notes that this belief misrepresents Piaget’s theory. Piagddoth an
epistemologist as well as a psychologist. The study of epistemology klodw a
knowledge develops (Crotty, 2004). Thus, his emphasis on individual constructs was
necessary. As a psychologist, however, Piaget emphasized the central roia of soc
factors in knowledge construction (Devries, 2000). He believed that young children
begin by being egocentric in their thinking which limits their ability to twes complex
relationships (Kamii, 2000a). However, through social interactions, constructionof log
can occur because learners are forced to reorganize their thinking in order teemsdke
to others.

In recent years, cooperative learning strategies have become morerqaateo
in education (Mercer, 1995). Kamii (2000a) notes that there are various connotations of
the meaning of cooperation which can imply compliance. She challenges the use of the
term when applied to mathematics, referring instead to Piaget’'s definittha aford.
Piaget viewed “cooperation” as “co-operation” to mean learners operagjater.
“Operating together for Piaget meant to work together, by exchanging péwmew, and
negotiating solutions in case of disagreement” (p. 43). Classrooms that support
opportunities for children to engage with their peers in such a manner promote optimal

growth in all developmental domains. DeVries and Zan (1994) view this type of
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environment as a sociomoral atmosphere that “fosters children’s intel]estiagill,
moral, emotional, and personality development” (p. 1). However, it is not just through
peer interactions that children’s cognitive and moral development occurs. ef&ank
students can engage in ways that are mutually respectful. In such a reiptitives
teacher promotes opportunities for the children to exercise their own will while
understanding that adults and children are not equals.

FINDINGS

Social relationships have been the topic of research in recent years. Lm\drie
Zan (1994) studied three types of classrooms which they term “the boot camp”, “the
factory” and “the community” (p. 7). In the boot camp classroom, students must conform
to the teacher’s rigid expectations and directions. The emphasis is on compeatitevn r
than cooperation. Children are rarely given opportunities to interact with eaclaother
when they do, are quickly admonished for talking. In the factory classroom gchack
less directed than in the boot camp classroom. However, the teacher hasrsidt
and conformity is emphasized. When peer interactions occur, they are stifled by the
controlling nature of the teacher. In the community classroom, howeveratheteand
children interact with respect. There is a feeling of togethernessléd®n and adults
engage in shared decision-making.

Using a qualitative research design, the study examined how childrerategot
without adult interference. Pairs of children from each classroom wem@ajbel while
playing a game and dividing stickers. Videotapes were then transcribed zé¢dna
Results indicate that children from the community classroom interactedamdnrgere

better able to take the other’s perspective into account. In addition, their hegstia
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were more skillful and conflicts were resolved more positively. Boot camndests
tended to be more aggressive either verbally or physically in resolvingctonfl
DeVries and Zan (1994) suggest that the teacher’s role in promoting a s@iomor
classroom involves “defining the possibilities, engaging with children at timmagaer,
and facilitating interaction when children’s self-regulation faifs"56). Classrooms are
set up to foster collaboration throughout the day. Teachers can interact with their
students as a peer, such as playing a game or engaging in conversation. In such an
environment, opportunities for peer interaction occur naturally.

However, Mercer (1995) cites research on group work among primary aged
students that indicates collaborative activity rarely occurs in the atassinstead,
children are typically working on individual tasks. While conversations might odwur
activities they are completing do not encourage opportunities to collaborateracint
with a peer. He suggests that children be taught to collaborate in ways that do not
emphasize competition. Students need to learn how to reason together by analyzing
problems, sharing ideas, and reaching joint decisions that may involve disagreeme
conflict.

Piaget also valued the role of conflict in peer relationships (Kamii, 2000a). He
believed that conflict is crucial to understanding the learner’s progressoagkhr
different cognitive development stages. Piaget studied conflict within indigidsalell
as conflict in social situations (DeVries, 2005). He found that internal cosfhiai to
the equilibration process. Piaget defined this term to mean a state ohpemiziehen
new information does not fit into one’s existing understanding ( Fosnot & Perry, 2005).

The learner attempts to reach a state of equilibrium or new understandiag cal
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equilibration (DeVries, 2005). When applied to social settings, “the subject tomes
reorganize and restructure cognitions as a result of confrontation with oppositgygfoi
view” (Bell, Grossen, & Perret-Clermont, 1985, p. 42).

While Piaget emphasized the significance of conflict in social interadte did
not carry out research to prove his theory (Kamii, 2000a). Others have furtlzecihese
Piaget’s findings, adding to the knowledge base of what is termed sociocogitfiret c
(Kamii, 2000a). However, Bell et al. (1985) caution that not all peer relationships
facilitate sociocognitive conflict as viewpoints must be opposed and in need of
reorganization. In addition, learners must have what they term “certain gegniti
prerequisities” (p. 45) or prior knowledge in order to understand the task and play an
active role in the discussion.

In examining research on sociocognitive conflict, two important studies came t
light that demonstrate the role of conflict in increasing children’s levelsasbning
(Doise & Mugny, 1984; Perret-Clermont, 1980). Doise and Mugny studied
sociocognitive conflict using a conservation of length task with a pre-testgsbst-
design. In individual interviews, children were shown two identical sticks placed in a
horizontal line, one above the other, and asked if the sticks were the same. After
responding, one of the sticks was adjusted spatially, pushing it farther to the right
Students who identified that the sticks were the same size regardless gpdtia
arrangement were called conservers. Nonconservers, however, believeddhek the
that was adjusted was the longest. In a separate session with nonconservers, an adult
stooge was used who gave an answer that contradicted the child’s response wieen retes

on conservation tasks. Nonconserving students that argued with the stooge showed
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considerable progress on the post-test as compared to those students who did not
disagree. Kamii (2000a) suggests that this study is significant bebausetiments of
both participants (the nonconserver and the adult stooge) were incorrect. The corre
answer had to be constructed out of the two lower relationships through sociocognitive
conflict.

In addition, Perret-Clermont (1980) studied sociocognitive conflict in
Kindergarten and first graders using a quantitative, pre-test/posketagh. Students
were pretested using a conservation of liquid task to determine if thegareservers,
nonconservers, or in between. Students were then randomly assigned to control and
experimental groups. The control group received no intervention. The experimental
group, however, was divided into groups of threes. Two members of the trios were
conservers; the remaining child was either a nonconserver or in between. The groups
were put into situations that encouraged disagreements and were retestedapiog)-t
tests. The results indicate that a large percentage of nonconservers shoveediglubst
growth as compared to the control group. The experimental group was retedtadrat a
date. Results indicate that students maintained their understanding.

IMPLICATIONS

Young children are social beings. Rather than limiting this natural tendbacy, t
classroom should support social interactions that are ripe with negotiation, tcanitic
perspective-taking (Devries, 2005; DeVries & Zan, 1994). However, not all itibersc
lead to knowledge construction (Kamii, 2000a; Mercer, 1995). It is important to identify
the types of conditions that promote meaningful interactions in the classroose The

include 1) a sociomoral atmosphere where students and teacher engage with one another
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respectfully (Devries & Zan, 1994); 2) opportunities for children to exchange pbints
view with their peers (Kamii, 2000a); 3) activities or tasks that engagenssude
collaboration, not simply conversations while they work independently (Mercer, 1995);
4) children being taught to reason together; 5) disagreements that are \seviedolea
means of knowledge construction (Bell et al., 1985); and 6) the teacher’s role agsta pee
times (Devries & Zan, 1994). Each of these conditions are present in a powerfalff
classroom discourse called exploratory talk (Barnes, 1992, 2008; Mercer, 1995).
EXPLORATORY TALK
OVERVIEW

The construct of exploratory talk has been influential in education priniartihe
United Kingdom and Australia since the 1970’s (Wegerif, 2005). Barnes and Todd
(1977) introduced the term ‘exploratory talk’ as they examined collaborativeyrihat
transpires in small group work. Barnes (2008) defines exploratory talk asaftesit
incomplete because it enables the speaker to try out ideas, to hear how they seend, to s
what others make of them, to arrange information and ideas into differenhgafters).
Barnes notes that he did not mean to overemphasize small group discussions. Rather, “I
was more interested in finding out how young people use talk as a tool of thinking in the
absence of adult guidance” (p. 7). He suggests that exploratory talk reqepasapon
by the teacher as well as support and guidance. In addition, it needs to embedded in other
patterns of communication such as setting ground rules for talk and promoting a
community of learners.

Neil Mercer furthered the development of exploratory talk and its apphnctdi

the classroom setting (Wegerif, 2005). In his research on collaborative wentgmM
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(1995) identified three types of talk, including: 1) cumulative talk in which students
build upon each other’s ideas in an uncritical manner; 2) disputational talk in which
students engage in disagreements and are individually-minded; and 3) explohatory ta
which students engage critically but constructively with others’ ideas (p. 104)

Mercer (1995) claims that these types of talk are actually “thraeeadigé modes
of thinking” (p. 104) which people use to think and reason together. Cumulative talk
emphasizes the group identity. Participants are focused on sharing with drex anot
without criticism. Disputational talk, however, reflects a competitive @iemt focused
on individual identity. Exploratory talk goes beyond the individual or group identity to
emphasize the process of collaborative inquiry (Wegerif & Mercer, 1997). liesnabl
students to co-construct meaning while at the same time, criticallgsabse meaning.
While all three types of talk can be effective ways of communicating in alseroclom,
Wegerif and Mercer suggest that exploratory talk is a more powerful form of
communication because it provides the greatest opportunity for cognitive development.

FINDINGS

Several significant studies were revealed which suggest explordionyci@ases
levels of reasoning in children (Mercer & Wegerif, 1999; Wegerif, LdatieDawes,
Mercer & Rowe, 2004). Mercer and Wegerif found that children’s scores on reasoning
problems increased after they engaged in exploratory talk. The tessageveloped a
series of classroom lessons designed to facilitate exploratory tatkldsson introduced
a ground rule for fostering exploratory talk, such as trying to reach agreenteotivar

group members. In addition, a small group activity took place after each lebson. T
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research was conducted in three middle schools in the United Kingdom utilizing a mixed
methods design study.

Four classrooms implemented the series of lessons and were matched with four
control groups in terms of socioeconomic status and age. The control classrooms
carried out normal curricular activities along with small group work. Alligpents
were given a well-known reasoning test prior to and at the end of the projextdition,
each classroom identified a focal group that represented what the teatthees tthe
overall ability of the class. These focal groups were videotaped at the endeddhech
project as they completed the reasoning test in small groups. The resefghe that
students from the experimental groups were significantly better ableseogoblems on
the reasoning test than the control group.

While the previous study examined exploratory talk in older students, Wegerif et
al. (2004) found similar results in their quasi-experimental study on six- and seaen-y
olds in the United Kingdom. Called the “Thinking Together” approach, the program
utilized a series of lessons in which the teacher modeled exploratory talk vhores
group and small-group discussions. Three schools were selected to implement the
program and were matched with three control schools. All of the schools involved were
identified as having a large percentage of under-achieving students. Marystidents
involved were learning English as a second language.

The research purpose was to examine the impact of collaborative inquiry on
individual development. Students were given a well-known reasoning test at the
beginning and end of the study. Focal groups were selected from each clagsioom a

videotaped throughout the project to provide data about changes in language use. In
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addition, interviews were conducted with teachers in the experimental schootbmgga
the impact of the research. Results indicate that students in the expericieodéd s
scored significantly higher on the reasoning test than their peers. In additigsisaoi
teacher interviews and discourse suggest that interactions in the classyo@wved
significantly, especially for at-risk students. The researcherstsadtta focus on the
quality of talk in the classroom may have the potential to improve the inclusion of
potentially marginalized children into the mainstream of classroom gttj\itegerif et
al., 2004, p. 155).

A similar study was carried out with fifth and sixth grade students in a sichool
Mexico which examined exploratory talk and children’s argumentation (Rojas-
Drummond & Zapata, 2004). While similar results were found in terms of students’
increased reasoning ability, the researchers note that facilie¢pigratory talk requires
skill by the teachers as they scaffold the learning experience. Theradlallow the
students to individually construct the knowledge through probing questioning or
“cognitive challenges” (p. 554) while abstaining as much as possible frong gihan
correct answer. This help is gradually withdrawn as students become mdske capa

Others have added to the knowledge base on exploratory talk including the
Brookline Teacher Researcher Seminar (Michaels, 2004). This inquiry commegéaty b
in 1989 with the combined efforts of university researchers and practicirgteacho
examine language and literacy in classroom settings. The primary purpose of the
community is to examine children’s understandings through their talk in areasaufliter
such as writing (Swaim, 2004), storytelling (Griffin, 2004), or reading aloudgiBgr,

2004). After taping their students’ talk, the tapes and transcripts are brought to the
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seminar and discussed. The researchers find that the practice of study#wagdbepts

as data has given them insight into their students’ understandings as weNiag the
co-constructions of knowledge that develop through talk. In addition, a key component
has been identifying what they missed or misjudged about their students’ undegstandin
“The work seemed to create a space for talking honestly about puzzles, tastrati
mistakes” (Michaels, 2004, p. ix) which leads them back into the classroom with new
guestions in light of their new understandings.

IMPLICATIONS

Research would seem to suggest that when children engage in exploratory talk,
their ability to reason improves (Barnes, 1992; 2008; Mercer, 1995; Mercer & Wegerif
1999; Rojas-Drummond & Zapata, 2004; Wegerif, 2005; Wegerif et al., 2004).
Reasoning can be defined as making sense of a situation and is essential tongintprsta
(Ball & Bass, 2003). In addition, exploratory talk can promote insight into what ehildr
know, allowing teachers to plan meaningful activities that can foster knowledge
construction (Ballenger, 2004; Griffen, 2004; Michaels, 2004; Swaim, 2004).

However, some research (Rojas-Drummond & Zapata, 2004) suggests that
facilitating exploratory talk can be difficult as teachers must be ablrédutly scaffold
the students’ talk. DeVries (2000) cautions that scaffolding can lie more in the
behaviorist realm unless attention is given to the type of guidance a teescihg
students. She recommends that teachers move away from a more authoritarian role
towards a “cooperative role” (p. 210). Consequently, research is needed to define what

scaffolding based on constructivist theory should look like.
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An overview of the research on exploratory talk reveals that the majority of
research has not been conducted in the United States, but instead in other countries
including Mexico (Rojas-Drummond & Zapata, 2004) and the United Kingdom (Mercer
& Wegeriff, 1999; Wegerif et al., 2004). Furthermore, research conducted in the United
States has primarily been done in the areas of literacy (Ballenger, 20i@€n 004,
Michaels, 2004; Swaim, 2004). Exploratory talk has been found to increase a student’s
reasoning ability, which is essential to mathematics (Ball & Bass, 2@@8sta, 1991;
NCTM, 2000). “Mathematical reasoning is as fundamental to knowing and using
mathematics as comprehension of text is to reading” (Ball & Ball, 2003, p. 28pulid
be beneficial to add to the theory base by examining American students. However, to
determine how exploratory talk fits with existing theory and research on matikal
discourse, a review of the literature is required.

MATH TALK
OVERVIEW

Students’ discourse is an invaluable resource. It can lead to a deeper

understanding of the mathematics embedded in problems and may launch new

investigations. It offers opportunities for students to develop their reasoning
abilities as they challenge and defend ideas. Finally, it gives teankggyhts into
students’ thinking that can in turn be valuable in making instructional decisions

(Greenes, Dacey, Cavanagh, Findell, Sheffield & Small, 2003, p. 6).

The role of talk in mathematical development is an area of increased imerest

research (Cobb, Wood, & Yackel, 1993; Mercer & Sams, 2006; NCTM, 2000; Sarama &
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Clements, 2006a; Whitin & Whitin, 2003). NCTM (2000) designated communication as
one of ten standards for school mathematics. Stating that math talk makes “atigtdem
thinking observable” (p. 128), the act of organizing and clarifying personal thsoangtht
actions allows students to ‘slow down’ their thinking processes as theyhelaideas to
others. To facilitate classroom discourse, students need opportunities to siare thei
mathematical reasoning with one another (Greenes et al., 2003). This can occlir in sma
group, partner activities, and whole group lessons where students “shar thegst
make generalizations, and explore alternative approaches” (p. 5) with one another

Problem-solving activities in particular can lead to rich discussions (&arpe
Fennema, Franke, Levi, & Empson, 1999; Chapin et al., 2003; NCTM, 2000). NCTM
maintains that problem-solving is a primary way of developing mathematicaldchgsv
Students are able to apply skills and mathematical concepts as they solvegfukanin
problems related to classroom life (Copley, 2000). Selection of appropriate problems is
also important (Schifter, 2005). Teachers should pose a problem in which they le&pect t
students to find an answer. The teacher’s role is to pose questions “that will lead them
through—rather than around—puzzlement to the construction of important mathématica
concepts” (p. 86).

Young children are natural problem-solvers (NCTM, 2000). Educators must
foster young children’s innate abilities to solve meaningful problems bgibgibn their
prior knowledge (Chaille & Britain, 1997; NCTM, 2000). Other researchers have noted
the ability of young children to solve meaningful problems (Carpenter é080).
Students in Cognitively Guided Instruction [CGI] classrooms have been found to solve

complicated word problems without explicit instruction. Rather, the students develop
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their own strategies which become increasingly sophisticated. Duringssiiso time,
students can demonstrate how they solve a problem or simply share theiy strdteg
the class. This becomes a rich source of information as students’ misunderstamayng
be revealed (Chapin et al., 2003)

However, Gould (2005) contends that educators barely tap into the potential of
using children’s talk. “The teacher’s role is usually to ask the questionbeand t
children’s role is to answer them” (p. 101). Other researchers have found an
overemphasis on correct answers, which they suggest is not the same asiabncept
understanding (Fosnot & Dolk, 2005). Teachers need to dig deeper through probing
guestions, asking students to share how they know or how they solved the problem.
Teachers may also attempt to control the flow of students’ talk, limitingeshyole they
can play in the interaction (Pratt, 2002).

Barnes (2008) suggests that educators interact with their students based on how
they believe knowledge is developed. If teachers view their role as “lisnemof
authoritative knowledge” (p. 8), the talk that follows is primarily presentdtiddarnes
defines presentational talk as talk that typically has a predeterminedramsaiad.
Students respond to a teacher’s question over familiar material, oftemnguasssi the
right answer is identified (Cobb et al., 1993).

Other researchers have found that not all classroom talk is high quality aéigpeci
in mathematics (Chapin et al., 2003; Solomon & Black, 2008). In many classrooms, the
Initiation-Response-Evaluate discourse pattern is the norm (Cazden, 2001; Cobb et al
1993; Mercer, 1995). The teacher begins with a question, students respond, and the

teacher evaluates or provides feedback. Cazden notes that the most consiisiant cr
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of this approach lies in the nature of the teacher’s initial question. The question is
“inauthentic” (p. 46) as the teacher already has an answer in mind. Cobb et aktcontr
this to a information-seeking question in which the teacher genuinely deskiesw the
answer.

Other research supports this divergence (Bullen, Moore & Trollope, 2002;
MacMahon & Raphael, 1997; Pratt, 2002; Wells, 1986; Zahorik, 1971, as cited in
Lindfors, 1999). In more traditional settings, most interactions involve teacher-le
guestioning that is simply probing for the correct answer (MacMahon & Rafile&4a]).
Zahorik states “for far too long schooling has been a matter of answeristipgadhat
children never asked” (Lindfors, 1999, p. 155). However, constructivists believe that
such interactions stifle learning and the development of literate thought. Stodesit
be given the opportunity to articulate, clarify, and expand their ideas with othezderC
(2001) suggests the use of what she terms a “non-traditional” (p. 48) discouzse ipatt
which the teacher poses a question, but student and teacher responses do not fit the
traditional I-R-E structure. Rather, the teacher is not focused on givirgnaxpins.
Instead, questioning and probing occurs as “the questions more often than not appear to
elicit, rather than allay or forestall, confusion” (Schifter, 2005, p. 83 ).

One example of an alternative discourse pattern is exploratory talk (Can@dn,
Pratt, 2002; Solomon & Black, 2008). Pratt proposes that in mathematics, exploratory
talk in particular promotes meaningful classroom interactions that engage student
thinking. He distinguishes between “mathematical thinking” and “mathenzegtics
thinking” (p. 35). Mathematical thinking emphasizes a particular knowledge that the

teacher wants the students to develop. In mathematical discussions, all tabaldatis
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a particular concept the students must master. Mathematics as thinking, however,
focuses on the centrality of thinking which is necessary for understandihgnradtcs.
Cobb et al. (1993) also cautions against math talk in which students engage in a guessing
game to identify the procedure the teacher has in mind. Rather, “the teacleeisgo
initiate and guide a genuine mathematical dialogue between the students” (p. 93)
FINDINGS

An examination of research on mathematical talk identifies one study in
particular that does not fit the criteria of recent research. Howewgticilates related
phenomena relevant to the topic and will be addressed in several sections of the review.
Cobb et al. (1993) examined mathematical discourse and its role in cognitive
development in a second grade classroom using a mixed-methods researchesig
following school year, the study was implemented into seventeen additiorsabolas.
Instruction consisted of small-group work followed by a whole-group discussion of
problem-solving strategies. Videotapes of whole group lessons were colleetet as
individual interviews with students. In addition, written work, field notes, and teache
interviews were gathered. A state-mandated assessment was takesebgrad grade
students at the end of the year. Assessment results indicate that the pedainanc
students involved in the project was significantly superior to non-project students on
guestions over conceptual knowledge. On the computational component of the
assessment, project and non-project student scores were similar.

Research by Chapin et al. (2003) also examined how classroom discussions can
be the center of mathematical learning. The study, Project Challengeindas by the

U.S. Department of Education and looked at ways to increase the low percentage of
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minority students in gifted and talented programs. The hypotheses wasdtwatra r

minded mathematics curriculum based on reasoning and communication would enable
such students to succeed. Approximately one hundred fourth graders weesldelect
participate in the program, based on teachers’ recommendations, work samplegrand pri
math achievement. Four classrooms were created which closely matched the
demographics of other students in the district. A constructivist-based curricalsim w
implemented along with the strategic use of classroom talk.

Initially, students were reluctant to engage in discourse. However, as thanprog
continued, their language became much more sophisticated. In addition, students’
mathematical reasoning increased as indicated by standardized test s&bthe
beginning of the program, only four percent of the students were rated asisinperi
mathematics. After two years in the program, forty-one percent wecesaperior. The
researchers conclude that productive talk allows students to think out loud and enables
minority students to be “mathematically articulate” (p. xiii). They ssghpowever that
most classroom talk is unproductive and “lecturing, recitation, and quizzing” (p. 5)
continue to be primary tools. The researchers recommend ways to implementiypeoduct
math talk, such as creating a respectful environment, providing opportunities to talk about
math, and identifying new social norms related to math talk.

IMPLICATIONS

Classroom talk would seem to support mathematical learning (Chapin et al., 2003;
Cobb et al., 1993; NCTM, 2000; Pratt, 2002; Schifter, 2005). As classrooms move away
from traditional instruction towards reform-minded teaching, opportunities for

meaningful mathematics discussions can occur. However, Hodgkinson and Mercer
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(2008) state that “we have the practical knowledge needed to improve the quality of
classroom talk. Yet, in most classrooms . . . talk remains a taken-for-greate fof
everyday life” (p. xvii). Chapin et al. agree, suggesting that most classrotintatkais
not high quality. In classrooms where mathematical discourse may have been
implemented, opportunities for real interaction on the part of the students continue to be
stifled by the teacher who may be teaching from a more behaviorist §&aroes, 2008)
or feels pressured to meet district or state-level mandates (Cobb et al., H92000).

Furthermore, in examining Chapin et al.’s (2003) findings, a concern artbes wi
their recommendations for supporting classroom discourse. While the suggesions s
sound, Fosnot’s (2005) caution of teaching without theory comes to mind. Educators
need an underlying theory that drives how language is viewed in the classfoom. |
teachers simply accept teaching strategies without such an understandmaklfaok
faddism” can result (p. ix). Exploratory talk is more than superficial refotis
grounded in theory and research, altering the role of language in theatassIt has
much to contribute to promoting meaningful mathematical discourse, resaliisg i
inclusion in this research study. Such inclusion, however, requires first an andargt
of how the classroom community is built around math talk.

MATHEMATICAL DISCOURSE COMMUNITY
OVERVIEW

When a teacher succeeds in setting up a classroom in which students feel

obligated to listen to one another, to make their own contributions clear and

comprehensible, and to provide evidence for their claims, that teacher has set in

place a powerful context for student learning (Chapin et al., 2003, p. 9).
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A mathematical discourse community is a respectful classroom enviromment i
which the teacher and students use discourse to support mathematical learfferg{H
Ackles, Fuson & Sherin, 2004). NCTM (2000) recommends that teachers create a
community where students are able to share their mathematical thinkingradbhesith
peers and teachers. However, creating such an environment takes timed{Aakies
et al., 2004). Procedures need to be put in place to foster productive talk (Chapin et al.,
2003). These can include establishing ground rules to ensure a respectarraawir
(Meyers, 1995). Ground rules can also redefine classroom norms which govern behavior
(Yackel and Cobb, 1996). In addition, a mathematical discourse community cHanges t
roles of teachers and students as they listen, paraphrase, and interpogterécideas
in a variety of student groupings designed to allow opportunities for collaborative
inquiry.

FINDINGS AND IMPLICATIONS

Hufferd-Ackles et al. (2004) describe levels and components of a classroom
mathematical discourse community. Utilizing a qualitative reseasigrddehe
researchers initially videotaped four elementary classrooms as thblistsed a
mathematical discourse community based around a constructivist math program
third grade classroom in particular showed remarkable progress and weedselec
participate in a case study the following school year. Videotapes wléreted as the
teacher and students engaged in mathematical discourse. After transcription, the
discourse analysis reveals what they call a “developmental trajegor§7) in which
teacher and student actions were linked to the development of the classroom community

They found that teachers typically move from a more traditional stance to tt of

49



learner and coach. Students generally begin by giving short answers with arcaéiepl
to that of defending and justifying their work. The authors conclude that “theodassr
community grows to support students acting in central or leading roles asdrsmfta
focus on answers to a focus on mathematical thinking” (p. 88).

What is not mentioned in the research is what is revealed about student
mathematical knowledge through their talk. NCTM (2000) maintains that asrgache
seek to understand what the students are communicating, information can be gathered t
advance the individual students’ thinking. As math reform moves teachers away from
traditional methods of instruction and assessment, it is imperative thatregksntifies
if these more interpretive forms of analysis reveal a clearer pict@ehild’'s reasoning
ability.

The findings by Hufferd-Ackles et al. (2004) emphasize that building a
mathematical discourse community takes time. Teacher and studentealefoamed
as individuals learn to support each other through their math talk. They provide a
continuum demonstrating how a discourse community was created in one classroom.
However, these implications were drawn from research on older students, suggesti
need to examine how a mathematical discourse community is created in an early
childhood classroom.

Ground Rules

Various connotations of the term ‘ground rules’ exist. Chapin et al. (2003) define
ground rules as conditions necessary for respectful talk and suggest thatphéinbe
place prior to implementing a mathematical discourse community. Theyahdround

rules are essential for promoting an atmosphere of respect to ensutedéatsscan
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share their mathematical thinking without fear of ridicule or rejectiony phevide a
list of suggested ground rules to implement.

Mercer (1995) also discusses the importance of ground rules. He cites data from
a research project he was involved in called SLANT [Spoken Language and New
Technology]. The aim of the research was to examine collaborative talk amdaegtst
in the United Kingdom. He notes that much of the early research was disappanting a
students rarely engaged in exploratory talk. Consequently, a whole-group discussion
time was implemented where students and teachers discussed what should ¢ake plac
during talk time. These ground rules were then utilized during small-groupiastivit
The results of the research indicate that the addition of ground rules that were teohstruc
by both the teacher and students fostered exploratory talk. Ground rules can include
reaching agreement as a group, accepting group responsibility for idédistening to
everyone’s ideas.

Wheeldon (2006) also utilized student-made ground rules in a teacher research
project on exploratory talk in the United Kingdom. The rules were referred to Howiug
the project and adapted to reflect students’ growing sophistication with expldedkory
She concludes that the use of ground rules led her class to become more independent in
their talk.

The use of ground rules would seem to support exploratory talk (Mercer, 1995;
Wheeldon, 2006), necessitating inclusion in this research project. In addition, ground
rules can shape how the students and teacher respond to one another, establishing new
social norms for mathematical learning (Cobb et al., 1993).

Social Norms
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Social norms are rules that a group uses to define appropriate and inappropriate
behavior that transpires in the classroom (Yackel & Cobb, 1996). These norms may be
overt or covert and are based on the teacher’s theory of knowledge. Norms govern and
influence how subjects are taught. Yackel and Cobb (1996) distinguish between social
norms and sociomathematical norms. Sociomathematical norms emphasize what is
acceptable behavior for mathematical learning. In mathematics based tyoctivist
theory, sociomathematical norms might include explaining strategie$yijpgstanswers,
and peer collaborations. They suggest that through mathematical discourse, tits stude
and the teacher interactively construct a taken-as-shared understandiveg &f valued
mathematically.

In responding to the teacher’s request for different solutions, the studeats wer

simultaneously learning what counts as mathematically different aneadédpi

constitute what counts as mathematically different in their classroom . .. The
teacher’s responses and actions constrained the students’ developing
understanding of mathematical difference and the students’ responses cahtribute

to the teacher’s developing understanding (p. 462).

In a mathematical discourse community, Cobb et al. (1993) suggest that
classroom norms may be renegotiated as the teacher and students learn howetmengag
mathematical talk. In their research on second grader’s math talk, they csctve
interdependent levels of conversation. They term these types of talk “talking about
mathematics” and “talking about talking about mathematics” (p 96). Talking about
mathematics includes sharing and justifying strategies for solvinggmnsblt does not

fit the typical discourse pattern of Initiation-Response-Evaluat&infeabout talking
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about mathematics, however, is conducted using the I-R-E format. Howeverrdesaehe
able to use their authority to develop new mathematical traditions: one wheresstudent
are able to “say what they really thought mathematically” (p. 99). Cobb eggest

that these new norms change not only future whole-group and small-group discussions,
but also how students engage in mathematical activities.

Awareness of social norms that govern mathematical learning is diuthe
success of this research project. While recognizing that students indivicluagiyuct
mathematical knowledge, the environment--which includes students, the teacdher, a
how they interact according to social norms--affects the student’s undiengisn
Consequently, social norms must be analyzed to determine what role they pkiy in t
learning process.

In addition, Yackel and Cobb’s (1996) research maintains that taken-ad-share
meanings influence what is viewed as mathematically relevant. Howewedamet
address the mathematical learning that transpires as students co-tonditid
learning collaboratively. For the purposes of this research study, clasdismourse
will be examined that may reveal how the support of others, namely teachers and
students, led to a deeper understanding of mathematical concepts.

Teacher and Student Roles

The traditional hierarchy of teacher as the autocratic knower, andaither@as
the unknowing, controlled subject studying and practicing what the teacher
knows, begins to dissipate as teachers assume more of a facilitatoasdole

learners take on more ownership of the ideas (Fosnot, 2005, p. ix).
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The establishment of a mathematical discourse community requires a
transformation of the role of the teacher and the students (Chapin et al., 2005; Fosnot,
2005; Mercer, 1995). For teachers, Schifter (2005) maintains that fosteriogrdescs
no easy task. “It depends on one’s capacity to respond spontaneously to students’
perplexities and discoveries” (p. 88). In the older grades, students can take on more
responsibility in the discourse community as they listen and respond to each otlaars’ ide
(NCTM, 2000). However, it can be difficult to sustain a whole-group discussion with
younger children (Greenes et al., 2003). Suggestions to make large group talk more
meaningful include extending wait time to allow students to comment, use of probing
guestions rather than comments, and allowing students to correct each other arsen err
occur rather than the teacher. Young children can also have difficulty seeirgj othe
perspectives (NCTM, 2000). Students need help sharing their ideas altardghers.

This can be done by “revoicing” (p. 12) or restating what the child is saywvglbas
encouraging other children to paraphrase the response (Chapin et al., 2003).

Barnes (1992) suggests that the teacher’s role in facilitating talkeplty, not
assess. To reply means that the learner’s response is taken seriouslielagtier. The
student feels comfortable discussing ideas in a collaborative relationshifheviieacher.
However, when assessed, the student-teacher relationship becomes distdneed as
student’s response is weighed and measured against a predetermined condition. “If a
teacher stresses the assessment function at the expense of the reply, fintioth
urge his pupils towards externally acceptable performances, rather thadstényang to

relate new knowledge to old” (p. 111).

54



In addition, teacher modeling has been found to foster talk (Wheeldon, 2006).
Wheeldon found that the quality of six-year-olds’ mathematical talk improvedgimrou
explicit modeling of exploratory talk. At the beginning of the study, students’
mathematical conversations were brief and teacher-directed. Aftafydenground
rules for math talk, student groups engaged in weekly problem-solving tasks. The
teacher met with individual groups and made statements and comments designed to
promote exploratory talk. The teacher gradually withdrew support as stbdeatae
able to engage on their own in exploratory math talk.

Changing student and teacher roles is primary in establishing a mathématica
discourse community (Chapin et al., 2005; Fosnot, 2005; Mercer, 1995). Students must
play an active role in discussions (Barnes, 1992). Teachers must support esithegs
talk and discuss mathematical ideas, attempting to engage with students atalyor
(Barnes, 1992; 2008). Wheeldon'’s research in particular has implications for the current
research study. As the research question is focused on students’ explorata@aikmat
every effort must be taken to ensure that such talk transpires through the intpteone
of teacher modeling. This will enable students to become increasingly ablgaipedn
exploratory talk on their own in whole-group and small-group discussions.

Student Groupings

Chapin et al. (2003) identify three productive talk formats, including whole-group
discussions, small-group discussion, and partner talk (p. 17). They emphasize whole-
group discussions, noting that it can be difficult for students to engage in meanitkgful ta
on their own. In a large group format, the teacher is able to facilitate and guide

discussions. However, Littleton (1998), drawing on research by Piaget, subgests
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power relationships can influence the type of talk that occurs in the classroomdulAn a
presence can alter student learning as children tend to have difficultgibglémeir
views against those of adults. She recommends that students have opportunities to
engage in peer talk as a way to form more symmetrical relationships.

Mercer (1995) also finds that smaller collaborative groups may foster tiilkeb
guestions the type of talk that occurs. He suggests that students receiveegardhow
to use talk effectively, especially exploratory talk. For the purposes of $eiarod
study, both whole-group and small-group discussions will be used. Explicit modeling of
exploratory talk will take place in a whole-group setting. In small-groupd| &etias a
facilitator but gradually lessen my role as students become more eapatbleir own.

SUMMARY

Exploratory talk draws together research and theory on what productive déscours
should sound like (Barnes, 1992, 2008; Cazden, 1992; Chapin et al., 2003; Fosnot, 2005;
Mercer, 1995; NCTM, 2000; Wegerif & Mercer, 1997). In mathematics in particular, i
engages students in critical, but constructive engagement with others’ ideasd® &
Black, 2008). Students share ideas, engage in mutual decision-making, clarify
comments, and present alternative explanations while solving meaningful iolatgmps.
As students argue and defend their answers in a discourse community, they are “co
operating” with peers and their teacher (Kamii, 2000a). Furthermorekit®lincreased
reasoning (Mercer & Wegerif, 1999; Wegerif et al., 2004, Rojas-Drummond &&apat
2004) seems to suggest that this form of discourse is necessary for fostenamateal

conversations worth having in the classroom (Chapin et al., 2003; NCTM, 2000).
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However, exploratory talk, while a well-established educational theory in the
United Kingdom (Barnes, 1992, 2008; Mercer, 1995, Wegeriff, 2005), has not been fully
examined in the United States (Mercer & Wegerif, 1999; Rojas-Drummond &&ap
2004; Wegerif et al., 2004), especially in the area of mathematicsr{Bat|e2004;
Griffen, 2004; Michaels, 2004; Swaim, 2004). This omission of a well-supported
language theory, | believe, is a detriment for students as well as adieemay be
unfamiliar with using language as a means of learning (Barnes, 1992).

This lends itself to the current research topic. As | sought to understand my
students’ mathematical knowledge through analysis of their talk, | hopednsglinot
only their constructions of knowledge, but what | might have missed during the
interaction. Furthermore, such analysis may reveal how their taken-ad-stearings
supported their individual constructions (Cobb et al., 2003; DeVries, 2000; von
Glasersfeld, 2005).

Such an undertaking required an emic perspective (Merriam, 1998). My
puzzlement was my own. My continual refining of the question is what drove the
research process. As | learned more and more about my students througbrteeit w
hoped to put into play opportunities to further their mathematical knowledge.

CONCEPTUAL FRAMEWORK

Learners construct mathematical knowledge through their interactiins w
physical and social aspects of their environment (Kamii, 2000a). While these
constructions are uniquely their own, they are impacted by the social world of the
classroom. In a constructivist-based mathematical discourse communitytuogmss

to share, reason, and build on others’ ideas can be fostered through a special form of
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discourse called exploratory talk. Exploratory talk is filled with hesitat “uhs”,

repetition, and other examples of incomplete speech (Barnes, 1992). Students grapple
out loud with problems as they co-construct meaning. These co-constructions are
actually individual interpretations of the phenomena (DeVries, 2000). However, through
the very act of argumentation, conflict, and collaborative inquiry, students’ ragsoni
abilities may increase. Thus, analysis of classroom discourse wasargdesprovide
insight into children’s mathematical knowledge, which can include understanding of
number and operations, geometry, measurement, data analysis, and algebragClement
2004). Such analysis might reveal how student math talk is supported by others,
including teachers and peers, while providing a context for understanding the ahpact
social norms on mathematical learning during math time and throughout theatass

day.
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CHAPTER IlI

METHODOLOGY

INTRODUCTION

The purpose of this study was to understand what Kindergarten students reveal
through their exploratory math talk. In understanding this phenomenon, the study
addressed five research questions: (a) What mathematical concqptssardg in
Kindergarten students’ exploratory talk?, (b) What does exploratory math talk gaind |
in Kindergarten students?, (c) When do students engage in exploratory talk?, (d) In wha
ways are students supported in their math talk?, and (e) How are social néented e
mathematical conversations?

The research methodology is described in detail in this chapter and includes
discussion on the following: (a) rationale for research approach, (b) fegeaticipants
and setting, (c) research design, (d) data collection methods, (3iamalg synthesis of
data, (f) ethical considerations, and (g) issues of trustworthiness. A brielasymm
concludes the chapter.

RATIONALE FOR QUALITATIVE RESEARCH DESIGN

Research can be defined as engaging in systematic inquiry to understand
phenomenon (Stringer, 2004). Two major paradigms can be used to investigate the
problem, namely quantitative and qualitative research. Quantitative approlhahes a

the researcher to disengage from the phenomena being studied. Utilizisg prec
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measures and controlling for events, the researcher seeks an explanation for the
occurrence. Qualitative research, however, engages naturalistic inquiry intamdiers
the event (Marshall & Rossman, 2006). Recognizing the complexity of human life,
gualitative researchers seek to investigate the meanings that arecedstBtringer,
2004). Emphasis is placed on the natural setting, which can include the classroom in
educational research (Lankshear & Knobel, 2004).

Quantitative methods seemed unlikely to elicit the rich data needed to understand
this research topic. Recognizing that mathematics is both an individual as wedlbeial
activity, a qualitative stance promotes understanding of the students’ matiaémat
constructions as well as the contextual elements influencing their lealniagldition,
the key assumptions that distinguish qualitative research correspondedtivétiisvi
study, including: (a) an emphasis on understanding the meaning of what has been
constructed; (b) utilization of an inductive form of reasoning; (c) a rich ghiscriof
findings; and (d) the central role of the researcher in data collection agdianal
(Merriam, 1998). Through this research project, understanding of the meanohgystst
have constructed was sought. Rather than testing an existing theory, dmchr&sslt
towards theory utilizing observations and intuitive insights. In addition, the students’
own words conveyed both their understandings as well as supported the research
findings. Finally, | gathered and analyzed the data, serving as the primeigyment in
the process.

RATIONALE FOR TEACHER RESEARCH METHODOLOGY

A teacher research design was used to provide illuminating insights into a

Kindergarten classroom with the teacher (myself) acting as theipanticesearcher.
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Teacher research enables educators to disseminate research conduetedwnth

settings (Lankshear & Knobel, 2004; Mohr, Rogers, Sanford, Nocerino, MacLean, &
Clawson, 2004). This research is different from more traditional types asnofas a

way for educators to generate knowledge and add to the research base on &aching
learning (Cochran-Smith & Lytle, 1999). Typically, research influeneithgcation has
been conducted at the university level. Yet this practice ignores the significa
contributions that teacher knowledge can provide which may radically challengeswhat i
known about education (Cochran-Smith & Lytle, 1993). When teachers are engaged in
research, they are promoting change from within which can be a powerful form of
professional development. This process may alter the notions of power in education,
challenging commonly-held assumptions about theory, practice, and reform (€ochra
Smith & Lytle, 1999).

In addition, teacher researchers have established relationships withutiemntst
increasing the likelihood of gathering authentic child responses (Stre2®0&)). This
knowledge provides a distinct advantage over outside researchers who may bearnfamil
with the classroom community and problems of daily practice. Finally, teeegearch
benefits the field of early childhood education by promoting the development of early
childhood professionals and their ability to be responsive to the needs of their students
(Bredekamp, 2004). Through research, “teachers develop new ways of seeing students
and develop stronger understandings of children’s feelings and growth” (idende
Meier, & Perry, 2004, p. 1).

This study fit well with teacher research because | sought to understand how

children’s mathematical discourse can provide access to their thinking. Thiggue
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emerged from my role as a teacher as | experienced conflict betweendhd practice
(Cochran-Smith & Lytle, 1993). Theory suggested making connections with my
students’ informal mathematical knowledge. However, in daily practice, | found i
difficult to fully understand a child’s conceptual knowledge.
RESEARCH PARTICIPANTS

This research study was designed to learn more about my students’ matilemati
abilities. Thus, sampling procedures were not applicable. However, researchral gene
acknowledges the difficulty in applying positivist paradigms to educatiortadgset
(Cochran-Smith & Lytle, 1999). | was researching what math talk looksnteseunds
like in my own students, necessitating the selection of my assigned class.

Twenty-two students were in the classroom at the start of the projecergprgs
various ethnicities, including Native American (1), Hispanic (5), Africamefican (4),
and Caucasian (12). All students were given parental permission to pagtioiplae
research study which included twelve boys and ten girls. Four students wsifeedlas
English Language Learners. The classroom was considered a classavaihss due to
two special education students. A full-time special education paraprofessiokatiwor
the classroom along with the regular teacher. The school experiencesffiqdent
movement; one student moved shortly after the research project began. Two additional
students moved at the midpoint in the project. Table 3.1 provides an overview of the

participant demographics at the beginning of the project.
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Table 3.1 Participant Demographics Matrix
Participant Age Gender Ethnicity English As Second
(Pseudonym) Language?
Aaron 6 Male Caucasian No
Adriana 5 Female Caucasian No
Alex 6 Male Hispanic Yes
Alvin 6 Male Hispanic No
Chris 6 Male Native American No
Colby 6 Female Caucasian No
Ivan 6 Male Hispanic Yes
Jacob 5 Male Caucasian No
Jamie 5 Male Caucasian No
Javier 6 Male Hispanic No
Justin 5 Male African-American Yes
Kara 5 Female Caucasian No
Kayla 6 Female African-Americar No
Kristina 6 Female Caucasian No
Madison 5 Female Caucasian No
Megan 5 Female Caucasian No
Mia 5 Female Hispanic Yes
Michael 6 Male Caucasian No
Stacey 5 Female African-American No
Steven 5 Male Caucasian No
Tiara 5 Female African-Americar No
Todd 5 Male Caucasian No
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School Setting

The research study took place in an all-day Kindergarten classroom in a public
elementary school that is part of a large Midwestern urban school districtchidw® s
relatively small with approximately four hundred students, the majority afwhie in
the neighborhood. The school population consists primarily of middle-class and
working-class families. In recent years, neighborhood demographics havedhdtige
an increasing number of English Language Learners. The school recde€3né
funds due to a high percentage of students who receive free- and reduced-lunch.

Classroom Setting

The classroom utilized a district-adopted mathematics curriculum, lgagstis,
that is constructivist based. Students are encouraged to problem-solve and discuss as
they participate in a variety of investigations designed to develop mathdmatica
knowledge. Thus, the research topic fit well with the adopted curriculum. These
investigations were utilized for both large and small group work throughout thecresear
study in addition to other activities deemed appropriate by the teacher.oGhassr
routines were not significantly altered during the course of the reseadyhast students
had been exposed to both whole- and small-group math activities. In addition, math talk
had been introduced informally in accordance with the school district curriculum.

OVERVIEW OF RESEARCH DESIGN

The twelve-week investigation began in February, 2008. The following steps
were taken to conduct the project. An in-depth discussion of key procedures will follow

to promote understanding of the procedures.
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Prior to beginning the study, a review of the literature on exploratory talk and
classroom discourse was conducted to determine appropriate theory guiding the
project as well as contributions of other researchers to the topic.

Approval to perform the research was given by the building principal and the
school district.

After initial support of the dissertation proposal, approval was sought from the

IRB to proceed with the research. The IRB process requires researcheligéo out
the procedures needed to ensue adherence to strict standards on working with
human subjects. Approval was granted (see Appendix A).

| talked personally with each participant’s family to inform them of the study
utilizing a script (see Appendix B). They were informed that all studentgdwoul
participate in the activities. However, data would be gathered only for those
students who had parental permission. A translator was not needed as each family
had at least one parent who spoke English and did not request translation.

The parent permission forms (see Appendix C) were sent home with each student
in a sealed envelope. A translated parental permission form was not required. All
students returned their forms giving parental consent.

Four student groups were formed. The number of groupings was selected to
allow weekly discussion times that fit within the constraints of the classroo
schedule. The groups were based on friendship patterns in the classroom (Barnes
& Todd, 1977). As | wanted to encourage exploratory talk, groups contained
students who usually worked well together, but were not best friends (Mercer,

1995). In addition, groups were similar in size and mathematical ability to
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promote understanding across groupings. Variables such as gender, ethnicity, and
classroom behavior were also considered to form heterogeneous groups.
Students that seemed to engage more in discussion were spread out among the
groups.

Assent from each participating child was obtained by individually calliniy eac

child to the back area in the classroom and following a script (see Appendix D).
This was completed prior to taping each time data were collected. Students that
did not give their assent sat outside the range of the video camera and were not
grouped with study participants during small-group work. The percentage of
students who did not give their assent was small, typically one student every few
weeks. However, one student in particular did not give assent to participate
throughout the study.

Prior to beginning data collection, | introduced the research topic to tlsearids
explained how the students would help me learn what they knew about
mathematics through their talk.

Once the study began, students identified ground rules for participating in math
talk during whole-group and small-group math activities. These rules were posted
in the classroom and added to throughout the study.

During whole group instruction, | posed a meaningful math problem with the
class. Students discussed the problem and identified possible strategies to solve
it. | attempted to facilitate exploratory math talk utilizing open-endaestents

and questions designed to engage students in a critical, but constructive
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engagement with others’ ideas. Discussions were video-taped using msde-|
camera angle.

The class typically worked through one strategy to solve the problem, involving
students in sharing ideas, engaging in mutual decision-making, clarifying
comments, and presenting alternative explanations. Occasionally, aftessitig)
possible strategies using exploratory talk, students worked individually, with a
partner, or in small groups to solve the problem. Their findings were then brought
back to the group for discussion and consensus.

During whole-group discussions, | modulated turn-taking, at times calling on
students that raised their hand to talk. Other times, students were asked to
respond.

After whole-group time, students met weekly to participate in small codsiber
groups as they solved a problem similar to the whole group activity. Some weeks
overlapped due to shortened weeks due to holidays or other out-of-school events.
Small group conversations were tape recorded. Originally, | had planned to set up
a problem-solving table with a tape recorder nearby where | would work with
small groups while the classroom paraprofessional facilitated theniegpai

students. However, after transcribing the initial tape, the level of actamsnoise
seriously affected the quality of data. | then moved the small group to theyhallwa
right outside the classroom.

Student groups were to remain fixed to promote collaboration (Meyer, 1995).

However, one student moved right after the project began, requiring adjustment to
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several groups. The groups remained the same throughout the remainder of the
study.

At the beginning of the study, | facilitated small-group discussions and made
statements and comments designed to promote exploratory talk. Support was
gradually lessened as the students became more capable of solving problems on
their own.

Student groups were able to represent the problem using a variety of
manipulatives and/or drawings. Student work samples were collected toticilita
understanding of group work. In addition, photographs were taken to add
important details about student conversations.

Observations of students, including a written record of their math talk, were
gathered and recorded in a teacher research journal to document use of math talk
in other areas of the curriculum.

All data were carefully transcribed and secured to protect the partgipant

identity.

During the last week of data collection, the students and | discussed what we had
learned throughout the research project. Conversations were video-taped.

At the conclusion of the study, | contacted each family regarding the istsialys

at the end of the project and to thank them for allowing their child to participate.
In addition, parents received information about their own child’s mathematical
progress which was revealed through conversations, observations, and samples of
their work. Questions about how the research would be reported were answered

at that time.
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PRELIMINARY PROCEDURES

Literature Review

To inform the study, an ongoing and critical review of literature was ctedluc
In particular, existing research on exploratory talk and classroom discvassexamined
to gain a better understanding of how to support meaningful math talk in the classroom.
This information was used to promote exploratory talk during whole-group and small-
group discussions.
IRB Approval

After receiving approval to conduct research from the school district aratinguil
principal, | began the process of achieving IRB approval. In this researebtptdjeld
the dual role of teacher/researcher, requiring that careful atteré®giwen to the notion
of coercion. Specifically, in my research plan, | acknowledged the unequiainsta
between myself and the students. Additionally, | emphasized the increasedilgi#yons
that comes with the role of teacher/researcher to avoid any unknown sourcesiohcoer
which would decrease the validity of the study. Approval was granted.
Consent

Teacher researchers have established histories with the familiessaideats
they teach (Stremmel, 2007). This required that | proceed carefully to enlsure f
understanding of the project as well as my own intentions to maintain confiderarality
ethical standards. As the setting of this research is a neighborhood school, lewtas abl
meet personally with the majority of families in my classroom. Fasniiere contacted
by phone if face-to-face contact was not possible due to after-school chibdcare

transportation issues. A script was utilized to promote consistency in thesthecus
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After initial contact, | sent home a parental permission form in a sealelbpave
The form was discussed with parents during the initial contact. Parentseeneed
where to sign, either granting or not granting their approval. | emphasized| tha
students would be participating in the math activities as they were part of tiet dist
curriculum. The permission form was to allow me to collect data for use in the stud
All families returned their forms giving full consent for their child to cgvate.

In addition, students were asked to give their assent each time that data were
collected. Prior to taping, students were called individually to the back of the mmbm a
were read a script. They then responded ‘yes’ or ‘no’. Several times dwistutly,
students did not give their assent to participate in the research that day. eradken
seated outside the range of the camera during whole-group discussion time andtwere
included in the small-group collaborative work. However, the majority of studergs gav
their assent to participate each time data were collected.

RESEARCH PROCEDURES

Introductory/review

Prior to beginning data collection, | introduced the research project ¢tase |
explained that | wanted to learn more about students’ understanding of math through thei
talk. A wide-angle video camera was stationed in a corner in the classroormarniée
was set up several days in advance of taping to allow students to become famhiliar wi
the equipment (Lankshear & Knobel, 2004).

On the first day of the project, | met with the class to brainstorm a list of gralesd r

on how to talk in a large group. Student ideas were recorded on a chart tablet entitle
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“Talk Chart.” The following examples identify the ground rules that studentwdéeé

important.

We listen.

Take turns.

Don't interrupt.
Let everyone talk.
We are nice.

The ground rules were referred to throughout the research project. New ideas
were added periodically, drawn from weekly discussions. For example, Ichaticae
point that some students were having difficulty listening as other studentd Hiire
ideas. During the next discussion time, we talked about how to be active listehess suc
looking at the person who is talking. The rule was added to the talk chart. The following
examples were added to the original “Talk Chart” list.

Work together on ideas.

If you don’t understand, ask.

If you disagree, be kind.

If someone gets stuck, help them.
Show people you are listening.

Whole Group Math Discussions

Mathematical discussions were held twice a week at the onset of thet.proje
However, at various points in the research study, only weekly discussions were
conducted due to school-wide events, holidays, or special activities. After a rextesv of
Talk Chart, | posed a meaningful math problem to the class. Students discussed the
problem and identified possible strategies to solve it.

Initially, problems were drawn from the district mathematics curriculum
However, | quickly noticed a discrepancy between what theory suggested was a

meaningful problem and the types of problems in the curriculum. Other resources |
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examined seemed to provide computational problems to solve such as identifying how
many altogether. However, a key component in problem-solving is initial puzzlement
(NCTM, 2000). For young children especially, problems relating to life in tissrdam

are more meaningful (Copley, 2000).

| began to pose problems drawn from the context of the classroom, such as
determining how to count children’s noses for a classroom Valentine’s dgy fher
ideas came from related literature. After reading a story about AqmilsFDay, students
had to solve a trick played on them and determine how many were in the barn based on
the number of feet and tails. Others centered around classroom themes suchsas insect
In a writing activity, one student, Jamie, posed the question “Is a spider af?’insect
Rather than respond, this question was brought to math discussion time where it was
explored and consensus sought.

After posing a problem, students were asked to identify ways to solve the
problem. As students shared their thinking, | attempted to scaffold their talk using
components of exploratory talk. Probing questions, inviting students to agree orajisagre
and building on each other’s ideas were modeled for the class (Barnes, 1992). |
endeavored to withhold praise or criticism, enabling students, at times, to cdmegst ot
errors. Student ideas were recorded and voted on to determine a strategy teesolve t
problem. Once a strategy was selected, the class and | worked togethee thesol
problem. Occasionally, after discussing possible strategies uplgamry talk,
students worked individually, with a partner, or in small groups to solve the problem.

Their findings were then brought back to the group for discussion and consensus.
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Early on in the project, | noted that open-ended problem-solving was difficult for
some students. | began to introduce mathematical tools that students couldasnploy
they strategized and solved problems. Mathematical tools can include angintize
students select to help model a problem, such as picture drawing, use of manipulatives, or
writing (NCTM, 2000). In addition, young children seem to rely on their fingersas a t
to demonstrate understanding (Carpenter et al., 1999; Kamii, 2000a). These tools enable
students to symbolize or represent their thinking. After solving a problemuthentt
were able to agree or disagree with the results and share their reagibmiting class.

During the discussion, | modulated turn-taking among the students. Turn-taking
can be defined as the back-and-forth pattern generally found in converghinutisrs,
1999). However, young children are egocentric (Kamii, 2000a). They typinzatly
difficulty being able to think from another’s viewpoint, such as allowing one spatker
time to talk (Lindfors, 1999). While recognizing that this is typical of Kindtega
students, my primary research goal was to understand individual studentshaiathe
talk. This required that | have evidence of their speech. Frequent interruptiotiag
out, domination by one student--all would lessen my ability to collect meanuoteyail
Thus, for the purposes of this research, | typically called on students thdtth@sdand
to talk.

Other times, students were asked to respond. | utilized my knowledge as a
teacher in selecting students that did not raise their hand. Some of my students were
unsure about vocalizing their ideas in a large group, including English Language
Learners. Rather than force them to talk, | wanted to establish a commbarg they

would feel comfortable to engage in discourse on their own. This required at first
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allowing more vocal students to engage in discussion. As the research studysaagre
| began to select students that did not usually share their ideas in a large grogp e
the student seemed uncomfortable, | supported his or her think time and moved on to
another child. At other times, students would talk out of turn. | attempted to facilitate
this, ensuring that all students were given an opportunity to voice their idbasitwvit
interruption. However, occasionally, these interruptions furthered the discusdion a
were thus allowed. | had to draw on my knowledge of theory to guide how | handled
such occurrences, shifting back-and-forth in my role as teacher/researcher.

Small Group Math Discussions

Next, | met weekly with four small groups of students. The number of groupings
was selected to allow weekly discussion times that fit within the constiHittie
classroom schedule. The groups were formed based on friendship patterns in the
classroom (Barnes & Todd, 1977). Mercer (1995) identifies three types of talk he found
in his research, including cumulative, disputational, and exploratory. He suggests that
students who have a “shared history of successful collaboration” (p. 103) tend to engage
in cumulative talk which means a cooperative but uncritical engagement witk’ othe
ideas. Disputational talk includes “disagreements and individualized deciakingh
(p. 104). As | wanted to promote exploratory talk, students were placed in groups who
usually worked well together, but were not best friends.

In addition, groups were similar in size and mathematical ability to promote
understanding across groupings. Variables such as gender, ethnicity, arabolas

behavior were also considered to form heterogeneous groups. Students that seemed to
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engage more in discussion were spread out among the groups to facilitate camversati
and ensure that all students had an opportunity to talk.

Introductory/Design Changes

On the first day of the project, | met with small groups at a table in trer@bas
while the other students engaged in small-group activities with the paraprofessiona
However, upon transcribing the tape, | found that the quality of talk was very distorte
due to the noise level. | began meeting with each small group in the hallway thgside
classroom door, using a cart to hold manipulatives and additional teaching material

It could be argued that removing the students from the classroom to record them
was creating an artificial, unnatural setting (Barnes & Todd, 1977; Lank&H¢&aobel,
2004; Merriam, 1998). | did not record small group talk that occurred in the classroom.
Recordings made in a classroom where twenty-two students were workeg wer
extremely difficult to transcribe due to the background noises. Furthermoresearch
guestion was centered on understanding students’ mathematical thinking thraugh the
talk. This necessitated collecting high quality samples.

Small groups were to remain fixed to promote collaboration (Mercer, 1995).
However, a student, Kayla, moved right after the project began, necessitehagge in
members to stabilize group size (Barnes, 1992). The groups remained the same
throughout the remainder of the study. Table 3.2 details the student groupings after

changes were made
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Table 3.2

Small Groups

(by pseudonym)
Group #1: Group #2:
Madison Alvin
Ivan Kristina
Megan Justin
Javier Jamie
Tiara Steven
Kara
Group #3: Group #4
Adriana Aaron
Jacob Chris
Mia Colby
Stacey Michael
Alex Todd

Lesson Format

The small-group lesson format consisted of sharing a problem similar to the
whole-group activity by theme or mathematical content. For example, aftéfyiohg)
the differences between a spider and an insect during a whole group discussion, students
were given the total number of legs hidden inside a mystery bag. Group members had to
determine what creatures were inside the bag based on findings from thehgwihugie
work.

Students then worked together to identify possible strategies to solve the problem.
| controlled student talk primarily through turn-taking. | gradually lesdemy support
based on students’ ability to engage in turn-taking on their own. As a group, one idea
was selected and utilized to find an answer to the problem. Manipulatives and other tools
could be used to model the problem. Upon group consensus, students worked together to
represent their findings. These student work samples were gathered to flestalbut
group discussions and stored in a locked file. To capture details and close-ups as the

research participants were engaged in small group work, a digital canseudilizad.
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Student Observations

Students were observed five times during the project to examine if expjorator
talk occurred during other parts of the school day. Observations were recorded in a
teacher research journal along with a detailed account of their discoursevailbss
typically took place during classroom routines, small group activities, and whole group
discussion time.

End of the Study

At the conclusion of the research study, all families were contackext eit
personally or by a phone call to thank them for allowing their child to participate.
Information was given about their child’s mathematical progress lhasveow the
findings would be reported.

DATA COLLECTION METHODS

The use of multiple sources of data to confirm the emerging findings igldici
the success of a research study (Merriam, 1998). Thus, this project utViaadty of
data collection methods, including audio recordings of small group math talk, video
recordings of large group math discussions, and observations of students as they engage
in exploratory talk throughout the day. Additionally, student work and photographs were
collected to augment research findings.

AUDIO RECORDINGS

The recording of spoken language in the classroom has a rich history in
educational research (Lankshear & Knobel, 2004). In particular, teachechessdave
recorded verbal discussions to better understand the role of classroongéagda

inform practice. Recording talk typically utilizes a recoding devicapture speech
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related to the research question. The talk can then be transcribed to usedahrand
analysis. Limitations include the impossibility of collecting all thlttoccurs as well as
the interference such recording can play with classroom dynamics. Lankshear and
Knobel suggest that more sophisticated recording devices can be distractingnmaintai
that a small cassette recorder may be less obtrusive. However, iesganast ensure
that the quality of the recording will support their research efforts.

In addition, transcribing spoken language into written text involves judgment on
the part of the transcriber (Marshall & Rossman, 2006). Visual cues which hefpenter
the speaker’'s meaning are not available. Thus, transcribers must use judgthept a
create a representation of someone’s speech (Lankshear & Knobel, 2004). Attention
must be given to ensure that what is included in the transcript is justified byehectes
guestion and conceptual framework.

For the purposes of this research, a small digital tape recorder was used. Student
talk was recorded during small group work then downloaded onto a password-protected
computer. Discourse was transcribed using a software program calléal Bajce
Editor 3. This program allowed transcription of the recordings into verbatisctipts.

The transcripts revealed teacher and student interactions during smplpgoblem-

solving. Verbatim transcripts provide as much information as possible about theiéialog
(Lankshear & Knobel, 2004). Lankshear and Knobel suggest that data collection and
analysis should reflect the research question. As | wanted to examinestudent
exploratory math talk, more information was needed than just the content. Thisdequir

capturing overlapping talk and speech that is incomplete as this type of discourse is
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common to exploratory talk (Barnes, 1992). Thus, attention was given to ensure that my
transcriptions were justified by my research question and conceptual foaknew

During the transcription process, a rough draft of students’ speech waslcreat
then reviewed the draft, making corrections and filling in gaps until an adequate
representation of the activity was constructed. Student responses wereocaltaa tor
easy retrieval during analysis and to maintain confidentiality. Coding cehsibt
identifying the group number followed by the week of the discussion, then sequentially
numbering the utterances as they were spoken. An utterance can be defined as a
conversational turn which denotes a change of speaker (Baktin, 1986; Lindfors, 1999). It
typically is not a complete sentence; rather it is incomplete speech thiéiesigreaning
on behalf of the speaker (Lindfors, 1999). Utterances are not usually gramisnatical
correct and can include mispronunciations, “uh huhs”, and other types of irregular
speech. All data were stored in a locked file cabinet. At the end of the restaly, all
the data were removed from the computer to ensure confidentiality and anonymity of
data.

While familiar with many types of technology, this research study force me
step outside my comfort zone. This resulted in a few learning experiehwds w
included a malfunction of the digital tape recorder at the onset of the studyfrddata
group four’s first week taping were lost. | learned to have a set of replacbatteries
ready for use. In addition, in transcribing the recordings, a few diffisudtiose
including: (1) identifying who was talking as some voices sounded very sonilde
tape; and (2) capturing speech that was spoken very softly and not picked up by the

recorder. Additionally, background noises from other classrooms distorted thg gtiali
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the recording at times. Because transcription began immediately aftexotlattion,

these problems were addressed early on in the research. For example, sterdents w
asked to state their name prior to beginning small group discussions, providing a spoken
example to refer to when identifying the speaker. In addition, this identihedwas

present at the time of the recording. For those students who tended to speak quietly, the
recorder was moved to capture their talk. They were also instructed to speak $oudly a
needed. Finally, data collection in the context of a busy school environment means that
noises will occur. To account for this, taping was stopped at times until the hallways
were cleared.

VIDEO RECORDINGS

Video recordings can capture important details that cannot be collected using
audio recordings (Lankshear & Knobel, 2004). Video-taping students as they talk
provides opportunities to witness their gestures and other actions accompanguiyg spe
However, there are limitations. Special ethical considerations must lnevtake
recording students’ faces, ensuring that confidentiality is upheld. In additicimthe
needed to transcribe videotapes may be lengthy compared to audio recordings. Video
cameras can also affect the classroom environment as participants mge tear
behavior if they know they are being video-recorded. Lankshear and Knobel reedmme
carefully preparing the environment such as introducing the device as w#lizasg
trial runs prior to data collection. “This helps remove much of the mystery of the
camera’s presence and, subsequently, much of the students’ interest in it beingthere

197).
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To capture whole group discussions, a digital video camera was displayed on a
tripod in the corner of the classroom. It was set to a wide angle lens to capdergst
engaged in discussion on the classroom carpet. While the majority of students could be
viewed, a few places on the carpet were outside the camera’s range wéheseserved
for students who did not give their assent.

The video camera was in place several days prior to actual tapmgoduced
the camera, explaining that it would help me understand what students know about math.
The students were typically excited about “being on TV.” However, the newnekb/quic
wore off as they became familiar with the research device and we wer® altle into
classroom routines.

In the classroom, students sat in assigned places around the edge of the carpet.
Students without daily assent to participate were seated on the carpet ogeadfrire
camera. This rarely occurred in the classroom as the majority of studentbgave
assents to participate. At the onset of the project, | was concerned thatsstaidgrt
identify those spots with students who were not involved in the taping. However, student
movement on the carpet was common throughout the school day due to misbehaviors or
to make room for teaching materials. Often | joined the class on the cagasiooally
taking a student’s place by mistake. The student would then locate an empty spot. Thus,
for the purposes of this research, | feel confident that students did not seem to aonnect
certain spot on the carpet with non-assent.

| manually set the video recorder to tape and began the lesson. After taping, the
video recordings were digitally downloaded onto a password-protected computer

utilizing the computer software program InqScribe. Ingscribe altbev$ranscriber to
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simultaneously view and transcribe video. A foot pedal was used to control the flow of
the discourse. During the transcription phase, a time code was inserted pdyiodaal
the written record to allow easy retrieval of speech during the anaigges sln addition,
actions that accompanied the classroom discussion were given a sepaiatthle
written record entitled “Activity.” Information about the activity wadtn in a non-
judgmental way, refraining from making inferences that might be drawn duringténe |
analysis stage (Lankshear & Knobel, 2004). In my dual role as a teachechiesethis
required that | visualize the occurrence through a researcher’s tgagptang to
describe rather than attribute meaning to what was happening. Any infornaiidriedt
was necessary to accurately understand what was occurring was lordckedte the
role of teacher in viewing the occurrence.

After a transcript was complete, participants’ responses were codddrtiifyiing
the week and the day that the discussion occurred as well as sequentially mgtingeri
utterances. Responses were removed for students that had not given theiselaily as
Video tapes and transcripts were stored in a locked file to ensure confitleahdl
anonymity of data. All video recordings and transcripts were removed froootmguter
at the end of the research study.

During the transcription phase, several problems occurred. The time invested in
transcribing the tapes was much lengthier than | had originally plannedeattaking as
long as one hour to transcribe ten minutes of video. This was primarily caused by the
difficulty in transcribing both speech and action. To account for this, my initial
transcription consisted of a rough draft, identifying the speaker as welirapla sketch

of the activity accompanying speech. | later revisited the writtendedoite watching
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the video, fleshing out any gaps or inconsistencies | had failed to captunesainich@
that | had carefully portrayed the actions that transpired during the destiss

In addition, as with the audio recordings, it was difficult to understand some
students’ speech. | found that by enlarging the video screen during transcriptasn, |
able to observe the student’s mouth which helped to record speech. Discounsewas a
replayed at various speeds in an attempt to catch missing words. Finallyrd,uns
guestion mark was placed next to the speech and revisited at a later date. €\ stra
allowed me to capture the majority of talk that occurred in the whole grainmgset

Another difficulty was overlapping speech. During whole group discussions, |
controlled the turn-taking to guide the conversations. However, at times, intmsupti
occurred. This required that | denote such occurrences in my transcriptions. Thus, the
use of a slash (/) stood for overlapping speech that occurred when two or more speakers
talked at the same time.

Finally, student misbehaviors played a role in the data collection. Typioglly,
the time math instruction began, students were worn out from a long active day in
Kindergarten. Rather than adjust my teaching schedule to account for this, | veanted t
keep the data collection as natural as possible (Lankshear & Knobel, 2004). In my school
district, teachers are given times when subjects are to be taught. gthisaehat |
maintain the same schedule throughout the year. However, this also meant that
misbehaviors occurred and had to be dealt with. At times, recordings were turred off t
allow the behavior to be handled in a sensitive manner. However, that is both the beauty
and the beast of teacher research. It does not take place in a sterile eznirerather,

the classroom is ripe with conflict. However, this adds to the legitimacpdi¢e
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research—understanding the learning which occurs in the midst of messy, chaotic
classroom life.

OBSERVATIONS

Observations can be defined as a systematic recording of behaviors and events
that occur naturally in the social setting selected for research (Lamk&hénobel, 2004;
Marshall & Rossman, 2006). They can range from highly structured, detailed acmount
more open-ended descriptions. Written records are typically gathered during the
observation called fieldnotes (Lankshear & Knobel, 2004). Fieldnotes can baeaytre
structured such as checklist or they can be a more holistic account of the event.
Additionally, post facto notes can be used to record observations that occur dtet.the
Researchers must ensure that their observations are descriptive rathetetipaetive.
Inferences can be drawn later during the analysis stage.

A researcher can hold various stances during the observation including non-
participant observations in which the researcher is removed as much as possitbhef
setting being studied. Lankshear and Knobel (2004) suggest that this can be difficult i
education as the very presence of a researcher impacts the context under study.
Researchers can also be full participants in the observations, engagitly dirta what
is being observed (Marshall & Rossman, 2006). Teacher researchers have a marked
advantage in engaging in full participant observations as they ardyaési@blished
members of the classroom (Lankshear & Knobel, 2004). Their insider perspective lends
credence to their data interpretations. However, such status can lead thrbsesar
Teacher researchers must carefully document their observations to eastieith

observations are judgment-free. Researchers can also engage in peripheipdtpart
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which involves a mix of full participation, partial participation, and non-participa
based on the event being studied.

For the purposes of this research, | conducted five observations throughout the
research project, noting any occurrence of exploratory talk. Observationgatieeeed
and recorded in a teacher research journal. Specifically, | observed sulemggimes
in the classroom when my participation was less involved, allowing me to engage in
peripheral participation. For example, several students were in chargengf setthe
calendar and taking attendance at the beginning of the day. Copley (2000) shagests t
classroom routines are ripe for problem-solving and discussion. | was able to observe
unobtrusively while still overseeing the classroom. | quickly recordednaioon about
the participants as well as the activity along with examples of theiclspéd a later
time, | revisited the observations, replacing student names with theinfiirsi to
preserve confidentiality. Other observations were more open-ended anedatuing
whole-group discussion time. For example, as a classroom practice, we emgaged i
classroom meetings where problems were discussed in a sensitive manngoal Mas
not to place blame but to discuss possible strategies to help our classroom. Mgstance
an active member of the discussions eliminated the possibility of writiagediet
observations at the time. However, | was able to record observations atiakatgsing
post facto notes (Lankshear & Knobel, 2004).

The observations did not provide a large amount of data. However, they did
provide a “slice of classroom life” (Cohen, Manion & Morrison, 2000, p. 21) that
demonstrated the role exploratory talk can play as problems occur throughout the day

The discourse resulting from the observations was then transcribed and coded with the
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number of the observation followed by numerical ordering of the utterances. lo@additi
information about the activity in which the discourse was observed was recorded to
provide contextual understanding (Lankshear & Knobel, 2004).

Additionally, a teacher research journal can provide insight into the researc
process. Herr and Anderson (2005) believe that due to the complexity of teacher
research, a research journal is a crucial piece of methodology. “It israatérof
research decisions; a record of one’s own thoughts, feelings, and impressiogls agsaw
document reflecting the increased understanding” (p. 77) that comes with thehresea
process. Furthermore, a journal allows the researcher to keep track of ettigiahde
made throughout the research study.

Throughout the research phase, my teacher research journal quickly became a
repository where | recorded student observations as well as the conflicttigres that
arose in the research process. Anxiety, fear, exhaustion, exhilaratiomer@altecorded
to allow later reflection on the experience. In addition, during the analgges, she
journal became an outlet for my continual refinement of both the questions and the
emerging answers.

DATA ANALYSIS AND SYNTHESIS

Qualitative analysis brings meaning to the data (Bloomberg & Volpe, 2008).
Formal measures typically include managing the data, coding, and itaégore In
positivist research stances, analysis generally occurs afteraflateion (Lankshear &
Knobel, 2004). However, qualitative analysis is highly intuitive and non-linear; thus, it
should occur simultaneously with data collection (Bloomberg & Volpe, 2008; Merriam,

1998). For the purposes of this research, an informal analysis was ongoing due to the
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participatory nature of the study as well as immersion into the data during the
transcription process. As a teacher researcher, | hold a unique stanceasshmool—

one of researcher, guided by theory combined with that of a seasoned teacher,
experienced in the world of the classroom (Cochran-Smith & Lytle, 1993). Agiivelos

my students throughout the collection process and during transcription procedures, this
dual lens was activated, allowing me to view how the teacher and learners ¢onstruc
knowledge together. These understandings impacted the development of my conceptual
framework as well as subsequent data collection.

Data collection methods resulted in a large volume of data including seventeen
video tapes, forty audio recordings, and a teacher research journal totalfigeve
hundred pages of classroom discourse. The challenge was to make sense of the
information, utilizing my conceptual framework to guide emerging patterns fofimeal
process began by color-coding the discourse into three preset categories tmdetérm
was presentational, exploratory, or other types of talk (Barnes, 1992; Mercer, 1995).

Table 3.3 presents the initial coding schema.
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Table 3.3 Initial Discourse Coding
Presentational Exploratory Other
(yellow) (blue) (orange)
Approved answer Sharing of ideas Brief exchanges
Convergent and/or Active but Disagreements that
factual responses constructive are not constructive

Instructions given or
regiven

Procedural questions
or statements

engagement with
others’ ideas
Statements and
suggestions are

or supported
Repetition of ideas
Uncritical agreement
No evidence of

Student or teacher offered for joint reasoning
giving information consideration e Confirmations
e Requests for e Elaborations
explanations and e Initiations accepted
clarity without discussion
e Ideas may be e Superficial
challenged but are agreements
justified e Other types of talk
e Alternative theories
presented

e Joint agreement in
decision making

e Reasoning is visible
in the talk

While this framework identified examples of exploratory talk, the remainirgpdise
proved difficult to code as it did not always fall into the remaining two cagori
Additionally, | realized that this coding scheme was too shallow and did not provide the
level of insight necessary to fully understand the topic. A revised conceptuaWioak

was developed based on the literature review as well as intuitive understandimgs dr
from my ongoing analysis. Each category was directly tied to one of thesstiwdy
research questions. Descriptors were added under each category. €ategai
purposely left open-ended to allow the data to drive the further refinement of the
framework (Bloomberg & Volpe, 2008). Table 3.4 details the conceptual frametwork a

the beginning of the analysis stage.
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Table 3.4 Initial Conceptual Framework

Mathematical understanding
Number and operations
Algebra
Geometry
Measurement
Data analysis

Sounds like
Pauses
um
Repetition
Other

When does it occur
Whole group
Small group
Other times

Support
Teacher
Peer

Social Norms
Builds on others’ talk
Misunderstandings
Conflict
Explanations
Joint agreement
Other

| recorded categories and descriptors from the conceptual frameworkrgeto la
sheets of chart paper and displayed these on the wall. The writing on each sheet was
color-coded to allow for easy retrieval. As new themes emerged, additionsl wleeet
added. The discourse was then examined and assigned alphanumeric codes, linking it to
a category and descriptor on the conceptual framework using categorigalsanal
(Lankshear & Knobel, 2004). Categorical analysis is the “process of develowing a
applying codes to data” (p. 271). Itis a continual process that examinesationsbips
that emerge based on the research question and supporting theory. Discourse that did not

fit into a category was placed in a miscellaneous category. Appendix F pitbgents
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coding schema used during the final analysis stage. Appendix G displays an example of
coded discourse.

After coding, the data were cut apart into individual utterances and affixied to t
appropriate charts using repositional glue. Key words or phrases were highlngtited t
supported the placement, such as the word “um” or an example of a probing question. A
complete copy of each coded lesson was stored. However, the charts quicklg Heeza
driving mechanism for analysis as utterances were repositioned as pattergec
Findings were then tallied on Data Summary Tables (see Appendixes H-Njabants
data on individual participants as well as the overall class, lending credencatwlitny
trail (Bloomberg & Volpe, 2008). Tallies were marked using different colorgiahgy
utensils (i.e., red for small group, pencil for whole group, black for other) to diw t
findings to emerge across data types.

New themes emerged quickly, leading to the continual refinement of the coding
scheme. Some patterns were inherent in the participant discourse, suchfias speci
examples of irregular speech and teacher talk. Appendix O details the desrti@bm
the coding framework. Additionally, analytic memos were recorded on colod padt-
it notes and affixed next to the corresponding charts (Marshall & Rossman, 2006). These
contained unique insights into the data in an effort to “move the analysis from the
mundane and obvious to the creative” (p. 161). Finally, I utilized an additional chart
which contained discourse that | found unusual or especially insightful.

After all utterances were coded and assigned, | reexamined eachesstadtb

identify any overlooked data and verify the coding using the final version of the
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conceptual framework. Any changes were recorded on the Data Summary diathl
adhered to the charts.

Throughout the process, | found myself continually questioning what exactly was
exploratory talk. My evolving definition began with my initial readings on the topic
followed by my attempts to facilitate and capture such talk in my own classroater,
through analysis of my three data sources, the refining continued. This progression led
to an interesting revelation that arose during the final analysis staggarmning one of
my research questions, “What does exploratory talk sound like in Kindergarten
students?”, | realized that my findings thus far emphasized only the inrsgekch
patterns. However, the actual utterances revealed much more.

| returned to my initial coding scheme, using it to loosely frame the students’
exploratory talk while, at the same time, allowing the actual utterancks/e the
refinement. | then began to group the utterances based on what was emerginghn the t
As | worked, the utterances became pieces of a puzzle—apart, they diday plogtr
meaning that arose when viewing them contextually. Thus, the analysspuianged
from gathering bits of data to synthesis—Ilooking at the holistic picture to gain
understanding of the phenomena.

However, this process of continual refinement resulted in a few inconsistencies
which were revealed on the Data Summary Tables. To aid with organizatiorteticaiea
set of index cards for each participant. | reexamined each lesson, siftinghthroug
utterances to locate exploratory talk. Any examples were listed on an index car
indicating the week and where the talk occurred (either in whole group, small, gr

other times of the day) along with what was revealed in the talk using thedrevise
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Conceptual Framework. This system allowed me to track the actual number of
occurrences, ensuring that my Data Summary Tables accuratelyagibegtfindings.
Additionally, | noted the mathematical concepts that were present in theaggptdalk.

Finally, | examined the charts and Data Summary Tables, noting the palttain
emerged across data sources. These patterns became the researsh fim@iddition, |
recorded each finding on a Consistency Chart which provided a template for later
analysis and conclusions (see Appendix P).

ETHICAL CONSIDERATIONS

Researchers must ensure that all study participants are not harnregals ef
the research (Lankshear & Knobel, 2004). Ethical considerations must be taken to
safeguard the well-being of those under study. This includes adhering td étinioal
codes and procedures supervised by the Institutional Review Board [IRB]ditioa,
teacher researchers have increased responsibility for the children icatteeecause of
the dual role of the teacher as researcher. Lankshear and Knobel suggestdinat ¢
criteria be met when investigating one’s own classroom. These inclubbststg a
valid research design, avoiding deception, minimizing intrusion, ensuring confiigntia
demonstrating respect, and avoiding coercion (p. 103). Each of these principbes will
discussed in detail and related to the current research study in the next section.
IRB Approval

Prior to beginning the study, approval was sought from the Oklahoma State
University's IRB. Research was conducted in accordance with the resesigin det
subject to change based upon ongoing formative analysis of data. Districtstidtiam,

the building principal, research participants, and their parents or guardiansfeemed

92



of the intent of the study as well as how research procedures and confidenbaliybe
maintained. Signed consent forms were collected from parents. Verbal somesnt
gathered from the students participating in the research each timeedateolected.

Valid Research Design

A strong research design demonstrates the overall competence of dhelresm
completing the study effectively (Lankshear & Knobel, 2004; Marshall & Rassma
2006). It can be viewed as a form of logic—"as the shape of an argument whigh start
with a question, organizes a response, mobilizes evidence, justifies points thatlare m
and derives a conclusion which “follows from” the previous steps” (Lankshear & Knobel
2004, p. 30). A conceptual framework framed the current study within an existing body
of theory and knowledge on exploratory math talk. Research questions, methods, and
data analysis all flowed from the initial design, thus increasing the yatitithe
research.

Avoidance of Deception

Research participants must be fully informed of the research purpose. This
requires that they are not given false information. With young children inyartic
parents need to understand research procedures as deception can seriously harm the
trusting relationship between the teacher and the families in the classrooksh{ear &
Knobel, 2004; Stremmel, 2007). Acquiring informed consent and providing clear
information about the research process are vital to avoiding deception. Throughout this
study, | took seriously my role as a teacher, including my responsibikhty &tudents. |
took every measure to ensure that | was not deceptive during any phase ofythé stud

talked personally with each family to make certain that they understoodsdaae
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study. Utilizing a script ensured that families received the same iafam The
research study was also discussed with my students. Additionally, | gatissents
each time data were collected. At the end of the study, | spoke with eag famil
thanking them for allowing their child to participate. These principles helpattam
the trusting relationship that was established in the classroom prior to thef start
research study.

Minimize Intrusion

To minimize intrusion, a teacher researcher should avoid impositions that do not
contribute to the research topic (Lankshear & Knobel, 2004). Recognizing that all
research has an impact on the social dynamics of the classroom, | atteéontinimize
intrusion by maintaining the classroom routines that had been implementechsince t
beginning of school. In addition, math instruction was not significantly altered as
students had been exposed to both whole- and small-group math activities as weil as mat
discussions.

Ensure Confidentiality

Participants should feel confident that their identities will not be revealetin a
written report. This was reported in writing to the parents in the parentalgemm
form. As | was committed to ensuring that student names and other chaiesteese
kept confidential, cautionary measures were taken. In all written reptutient
pseudonyms were used. Coding sheets and original documents were secuckly store
offsite in a locked file cabinet. In addition, | was the only one who had accéss to t
materials.

Demonstrate Respect
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An atmosphere of respect is essential to teacher research (Lar&kseatvel,
2004). In such an environment, students feel comfortable answering honestly without
fear of reprisal. Involving students in evaluating the research study lsancenthe
results as well. For the purposes of this research, students gave thgieaskdime
data were collected. This allowed students to have control over their participation
throughout the research study. On the last day of data collection, | met withdéetst
to discuss the project. Students shared what they had learned, providing insight into the
role of research in the classroom. These practices helped foster afuésplationship
between myself and the students.

Avoid Coercion

Teacher researchers need to be cognizant of the unequal relationships detween t
students and the teacher (Lankshear & Knobel, 2004). This required that | gay clos
attention to power relationships throughout the study. In particular, when gathering
student assents, | utilized a friendly, conversational tone when readingeheszsipt to
eliminate feelings of coercion to participate in the research that daye WWaimajority
of students gave their assent, a few did not. | had to ensure that they did not fdel force
to participate through my words and actions. This affirmed their opportunity to choose
for themselves.

ISSUES OF TRUSTWORTHINESS

While qualitative approaches are more readily accepted in the research
community, the criteria for judging the soundness of such inquiry remains under debate
(Marshall & Rossman, 2006). This requires that qualitative researcharissthe

trustworthiness of a study. Lincoln and Guba (1985) propose four terms that
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acknowledge the inherent differences in qualitative research yet makectiona with
the more readily accepted positivist criteria. These terms are citgdibdnsferability,
dependability, and confirmability (p. 43). Application of such terms to establish
trustworthiness for the current research study will be discussed in theifglegctions.
Credibility

Credibility examines how well the research findings match or repréeengality
under study (Lincoln & Guba, 1985; Merriam, 1998). Comparable to internal validity in
positivist research, qualitative researchers, however, recognizedhigtiseconstructed
by individuals (Lankshear & Knobel, 2004). Such a criterion for qualitative résearc
examines the internal measures that demonstrate soundness of the argumiéasas we
evidence used to support these claims. Various strategies can be taken tioestr@ng
study’s credibility. These include long-term observation of the phenomenon, utilizing
multiple sources of data (triangulation), as well as making use of peerfugsrie
(Bloomberg & Volpe, 2008). Additionally, as with any research, the resultsrated
by the integrity of the investigator who serves as the primary instruoretdta
collection and analysis (Merriam, 1998). Thus, identification of research bias is
necessary to promote credibility.

This research study took place during a school semester, allowing for prolonged
engagement and systematic inquiry into the research topic. Triangulationetvas
through the various methods of data collection, including video tapes, audio tapes, and
student observations. In addition, | made use of peer debriefing to ensure the aaicuracy
my account of the research findings (Merriam, 1998). A professional colleague e&vho ha

an understanding of the research study was asked to provide insight and comment on the
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results as they emerged. This enabled me to utilize different perspéactexesnining
the findings resulting from the data.

Acknowledgment of my research bias was also necessitated. As an early
childhood educator, | believe young children enter my classroom with a wide ‘eairanc
mathematical understandings. While children’s knowledge may be primitisejptto
the educator to build connections between a child’s mathematical beginnings and more
formalized mathematics instruction. Based on my experiences, | have fougduhgt
children may have a much stronger understanding of mathematics than typical
assessments may reveal. As my experiences and beliefs have giestiit interest in
the topic of study, every measure was taken to enhance the objectivity and
trustworthiness of the study which included recording reflective notes in ehetea
research journal throughout the research process.

Transferability

The criterion of transferability is similar to external validity in qutatite
research which measures how well the findings can be generalized to anoiigr sett
(Lankshear & Knobel, 2004, Lincoln & Guba, 1985; Marshall & Rossman, 2006). While
gualitative research is not meant to be generalized, lessons learned frose#nelrean
be transferred to another setting (Lincoln & Guba, 1985). This requires a thick,
descriptive narrative that “gives the discussion an element of shared douscar
experience” (Bloomberg & Volpe, 2008, p. 78).

While realizing that this research only provides a glimpse into the world of a
select group of students, the descriptive nature of the project will allowsdade

evaluate the application of the research to their own setting.
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Dependability

Reliability in the quantitative sense refers to how well the reseasciits can be
replicated (Bloomberg & Volpe, 2008). In qualitative research, however, it is understood
that reality is not constant (Marshall & Rossman, 2006). Thus, dependabilityteefer
how the researcher handles the changing conditions in the phenomenon under study,
resulting in an increasingly refined understanding. Such undertakings requiretan audi
trail that provides a detailed account of how data were collected and analyzed thus
determining if results are consistent with the data (Merriam, 1998).

Throughout this project, | have documented the procedures for data collection as
well as how categories were formed for analysis. This information wasdexl in my
teacher research journal as well as in supporting documentation that includied detai
accounts of data collection methods and analysis. Raw data (documents, student work,
transcripts, observations) and data analysis products are stored to all@et@tduwarfirm
the accuracy of the research. Additionally, audio and video tapes are avaitable f
review.

Confirmability

Confirmability corresponds to objectivity in quantitative researchclim&

Guba, 1985). This implies that the findings result from the data, not the subjectivity of
the researcher. However, qualitative research acknowledges reseagchi\gtybj
(Merriam, 1998). By providing an audit trail as well as identifying anyepisting

biases, the researcher is able to demonstrate how the findings emengyéuefdata.
Additionally, Lincoln and Guba suggest that the logic of the research studydee ma

apparent, thus strengthening the results.
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While acknowledging the subjective nature of qualitative research, presedur
were put in place to ensure the study’s trustworthiness, including documentation of the
audit trail as well as identification of researcher bias.

CHAPTER SUMMARY

This chapter provides a detailed account of the study’s research methodology
Qualitative teacher research methodology was utilized to understand wivaaieden
Kindergarten students’ exploratory math talk and the social contextiadféice study.
Twenty-two students in my Kindergarten class were involved in the study. Tdieee d
collection methods were employed, including audio recordings, video recordidgs, a
observations. After transcription, the resulting data were analyzed usavglaimg
coding system drawn from the study’s conceptual framework. Trustwortlandss
ethical considerations were taken throughout the study to maintain the integnigy of t

research project.
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CHAPTER IV

FINDINGS

INTRODUCTION

The purpose of this study was to examine what is revealed in Kindergarten
students’ exploratory math talk. | believed that through such examination, insudght c
be gained into understanding children’s mathematical knowledge. In addition, the
classroom discourse was examined to understand the social context affecstoglyhe
This chapter presents the findings obtained from a twelve-week researcmsbudy
own classroom. Seven major findings emerged from the study and include:

1. A large amount of exploratory talk was related to mathematical concepts
Number and operations were found in the majority of the mathematical
utterances. Talk related to measurement was also found in some mathematical
exploratory talk followed by data analysis. Geometry and algebra refgdse
small amount of exploratory math talk. A small number of errors were identifie
in which students shared incorrect responses. Exploratory talk related to number
and operations had the largest amount of errors followed by measurement, data
analysis, and geometry.

2. The overwhelming majority of participants had speech disfluencies in their

exploratory talk. Most participants used “um”, had pauses, abbreviations, and
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repetition in their talk. Some participants used “like” and “uh”. A few
participants had false starts and overlapping speech.

. All 21 participants shared their ideas using exploratory talk. The overwhelming
majority of participants offered statements for joint consideration. Tharitga

of students challenged others’ ideas, set up hypotheses, gave requests for
clarity, and had joint agreements in their talk. Some used evidence, drew
conclusions, provided alternate theories, and revised their thinking.

. The majority of students used their hands and fingers as they engaged in
exploratory talk. Many participants used gestures, including pointing. A few
participants gestured as they dramatized part of their response. |oradgbitne
students used their fingers to solve problems.

. A large amount of exploratory talk utterances were found which occurred during
small group activities, whole group lessons, and observat®hgl1 participants
engaged in exploratory talk during small group and whole group activities. A
small number of students had examples of exploratory talk during observations,
including calendar, math activities, snack preparation, and a class meeting.

Much of the teacher support was the use of reply not assess words. Some of the
teacher support included the revoice of students’ responses and the use of open-
ended questions. A small amount of teacher support included review, the teacher
acting as a peer, leading students through their puzzlement, informal usé of mat
vocabulary, and the use of tools to support thinking.

. The majority of social norms found in the classroom discourse emphasized shared

decision-making. Some of the norms were related to sharing ideas. A small
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amount of the class norms referred to problems. A few reflected old norms and

conflict.

Each finding will be discussed in rich detail to allow readers to enter into the
research, evaluating a possible application of the findings to their own settings
Throughout the chapter, illustrative discourse drawn from whole-group, small-group, and
observational data will be presented, enabling participants to share theicpeespe
Finding 1: A large amount of exploratory talk was related to mathematics (745
[51%]). Number and operations represented the majority of math-related
exploratory talk (445 [60%]) followed by measurement (139 [19%]) and data
analysis (107 [14%]). Geometry (44 [6%] and algebra (9 [1%]) represented a small
amount of exploratory math talk. A small amount of errors were found in whch
students shared incorrect responses (64 [9%]) . Exploratory talk relatetd number
and operations had the largest amount of errors (34 [53%] followed by
measurement (20 [31%]), data analysis (5 [8%]), and geometry (5 [8%]).

A central finding of this research study is that a large amount of exgiptatk
was about mathematical concepts (745 [51%]). Number and operations represented the
majority of math-related exploratory talk (445 [60%]) followed by measunei&9
[19%]) and data analysis (107 [14%]). A small amount of exploratory math talk was
related to geometry (44 [6%]) and algebra (9 [1%)]). A small number of erroes we
identified (64 [9%]), with many of the errors found in talk related to number and
operations (34 [53%]). Table 4.1 displays the results of the data analysis. release
that the percentage given for math-related exploratory talk (51%3 teféhe total

number of exploratory talk utterances drawn from Appendix L (1473).
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Mathematical Concepts

Table 4.1
Descriptor Total # of Total # of Participants Participants
utterances errors with errors
Math-Related 745 [51%)] 64 [9%)] 21 [100%] 18 [86%]
Exploratory Talk
Number and 445 [60%)] 34 [53%] 21 [100%] 17 [81%)]
operations:
Object counting 235 [53%] 14 [41%)] 21 [100%] 9 [43%]
Verbal counting 113 [25%)] 1 [3%)] 18 [86%] 1 [5%)]
Add/take away 76 [17%] 19 [56%)] 18 [86%0] 13 [62%)]
Compare numbers 18 [4%)] 0 [0%)] 9 [43%)] 0 [0%]
Compose/decompose 2 [1%)] 0 [0%] 2 [10%] 0 [0%]
Subitizing 1 [>1%)] 0 [0%] 1 [5%] 0 [0%)]
Measurement: 139 [19%)] 20 [31%] 17 [81%)] 10 [48%)]
Attributes, units, 91[65%)] 16 [80%] 16 [77%)] 7 [33%]
processes
Techniques and tools 48 [35%)] 4 [20%] 15 [71%)] 4 [19%]
Data Analysis: 107 [14%)] 5 [8%)] 19 [90%)] 4 [19%)]
Representation 57 [53%)] 0 [0%)] 17 [81%)] 0 [0%]
Classification 50 [47%] 5 [100%] 16 [76%] 4 [19%)]
Geometry: 44 [6%)] 5 [8%)] 16 [76%)] 4 [19%)]
Shapes 25 [57%)] 1 [20%] 9 [43%)] 1 [5%]
Spatial 18 [41%)] 4 [80%)] 13 [62%)] 3 [14%)]
awareness/location
Putting together 1 [2%)] 0 [0%)] 1 [5%] 0 [0%]
shapes
Transformation and 0 [0%)] 0 [0%)] 0 [0%)] 0 [0%]
symmetry
Algebra 9 [1%] 0 [0%)] 5 [24%] 0 [0%]
Repeating pattern 9 [100%] 0 [0%] 5 [24%)] 0 [0%)]
Growing pattern 0 [0%)] 0 [0%] 0 [0%] 0 [0%)]
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Number and Operations

An understanding of numerical concepts includes two interrelated domains: (1)
number; and (2) operations (Clements, 2004). Sarama and Clements (2006) identify six
main mathematical topics for number, including: verbal counting, object counting,
subitizing, comparing numbers, adding and subtracting, and compose/decompose
numbers. Number and operation represented the largest amount of math-related
exploratory talk (445 [60%]). All 21 participants had examples of number and operations
in their talk (100%). Exploratory talk related to number and operations had the largest
amount of errors (34 [53%]), including adding and taking away (19 [56%]) and object
counting (14 [41%]).

Object Counting

Object counting in which students create a one-to-one correspondence between a
number and an object represented over half of the numerical utterances (235 [AB%])
students had examples of object counting in their talk (100%). These included
participants using counting as a strategy to solve problems (19 [90%]). Aftetemnt
posed the question, “Is a spider an insect?”, students compared a spider to a beatle. Alvi
stated, “I got 8 legs!” as he examined a plastic spider using a magngigiss. Other
students counted a set of objects together:

Aaron: | think there’s 20!

1,2,3,4,5,...13, 14 we have 14
15, right—we have 15, right?

Chris: 16 right here
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Aaron: 17 right here, 18 right here, 19 right here, 20 right here
because you got one there

The majority of participants talked about object counting as they shared ideas to
solve problems (17 [81%]). During a small group activity, students identified how to
determine the total number of chairs needed for a classroom party. Megéahcad
count how much people are in the classroom” while Kara voiced, “You could count the
artwork that we have.” Other small groups thought of different ways. Stacey t®agjges
“Um we can go around counting all the chairs” while Mia added, “Well um writie \v¥i
- how many chairs they are.” After Colby shared her idea of counting peopls, Chr
stated, “Um, (pause), maybe we can use Colby and we can put some cubes umson chai
and you would count the cubes. We can put the cubes on the paper and then we can write
the number.”

Some errors with object counting were identified (14 [41%]). After identfyi
there were 22 people in the classroom that day, students were challenged towdeitify
else they had 22 of. Alex suggested, “Twenty-two (pause) 22 hands.” After noting tha
Ilvan had seven counters laid out at the top of a sheet of paper, the teacher asked how
many counters he had. Ivan stated, “Five.” While working with a small group) Just
counted a set of 10 objects, stating, “1, 2, 3,4, 5, 6,7, 8, 9, 10, 11.” When asked if the
group agreed with his total, Steven recounted, identifying that there were 10.

Verbal Counting

Verbal counting consists of learning the sequence of number words (Sarama &
Clements, 2006b). Some of the exploratory math talk was related to verbal counting (113

[25%]. The majority of participants used verbal counting as they counted olifcts (
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[86%]). While solving a problem during a whole group activity, Madison stated, “1, 2,
3,4,5,6,7,8,9,10.” Aaron suggested counting a group of objects by twos, stting,
we can do this: 2, 4, 6.”

One participant had an error with verbal counting (1 [5%]). Justin counted, “14
16” while counting out 21 objects to represent the total number of students in the
classroom.

Add/Take Away

Adding and taking away requires an understanding that sets can be maderlarger o
smaller by the addition or removal of objects (Clements, 2004). Talk related to adding
and taking away was found in some of the exploratory math talk (76 [17%]). Some of the
students referred to the concept in their math talk (18 [86%]). During a whole group
activity, students shared ideas on how to figure out the number of counters needed to
make 10:

Um, we can um add more cubes to um the to those cubes (points to four cubes in

the middle of the carpet) and um then you can add um more cubes and you make

um that those cubes um to 10. (Megan)
Adriana suggested, “Add two” after identifying that her group had 18 legs adea0.
Steven voiced, “Ten!” during a whole group activity in which two counters vwketedato
a set of eight.

Counting on was a strategy demonstrated by some of the students (4 [24%]).
Counting on can be defined as a shortened counting procedure where instead of
beginning the count at “one”, the student counts on from the last number (Sarama &

Clements, 2006b). One participant, Madison, counted, “7 8!" as her group added two
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more to a set of six. Kara demonstrated how she used counting on to solve a problem:
“Because | um | these were all stuck together. | counted to seven, I'th(ganting to
the last cube), 8, 9, 10.”

However, a few participants had difficulty with the concept (2 [10%]) accounting
for some of the errors identified (19 [56%]). During a whole group problem-solving
activity, Aaron displayed three fingers and replied “8, 9, 10” while counting on from
eight to ten. Steven identified “4” as the answer to the problem: | startecewith t
There are seven left over. How many are in the mystery bag? When askedaito lezpl
strategy, he stated, “Cause | counted with my fingers (showed foursinyes at a
time) 7, 8, 9, 10.”

A few participants utilized counting to solve addition and subtraction problems (3
[14%]). After predicting there were two pigs in the barn, Kara explained, “Becans
there um if there’s only two tails (displays one finger on each hand) and um i there
only two tails that means that there’s two pigs.” Another student used countingré fig
out how many cookies were eaten:

| counted to 20 and then and then | counted to 20 again and then | counted 1 and

then (pause) | came up. And yesterday | counted to 20 and counted to 20 and that

makes 40 and | counted one more and added up to make 41. (Chris)

Other participants discussed using adding and taking away as a stoasetet
problems (3 [14%]). During one activity, students were asked to figure out how many
students were in the classroom. Chris suggested looking at the attendance shak whi

a row of cubes snapped together that stood for the number of students in the classroom.
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He stated, “Uuuum, if someone is gone and there’s more than that people you can just
look at the cubes and take one of them.”

Compare Numbers

To compare numbers means an understanding that two or more groups can be
compared using terms suchrasere, lessor thesame(Sarama & Clements, 2006b). The
findings reveal that a small amount of utterances referred to comparing suii®er
[4%]). Some of the participants used number comparison in their exploratory talk (9
[43%]). After voting to see which was the favorite food in the classroom, Alvirdstate
that Michael’s idea, pizza, was the winner “because he has the biggest nuraiheis”
predicted that the bear would weigh less than the elephant, stating, I'fightahe
bear’s 100-the elephant is 1,000!” No errors with number comparison were found (0%).

Compose/Decompose

To compose and decompose nhumbers means an understanding that a whole
consists of parts which can be taken apart or put together (Sarama & C|2066ty).
Several participants demonstrated the concept (2 [10%]. During a whole grsup les
students identified ways to share a box of cookies. Jamie suggested, “If you uh uh got
too much and people have zero, uh uh you could uh give them one of yours.” When
asked to further explain his idea if he had two cookies and his friend had zero, he stated,
“I would give her one.” Findings did not reveal any errors related to composing and
decomposing number (0).
Subitizing

To subitize number means to recognize without counting how many objects are in

a group (Sarama & Clements, 2006b). One participant demonstrated the concept (1
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[5%]). Kara explained her answer, stating, “Because (pause) there’s 6 ahtlthaig
(points to second group of cubes).” There was no errors related to subitizing number (0).
Measurement

An understanding of measurement involves specifying how much of an attribute
an object has, such as weight or length (Clements, 2004). Measurement conaepts wer
found in a small amount of the exploratory math talk (139 [19%]). Many of the
participants referred to measurement in their talk (17 [81%]). The majority of
participants discussed using measurement to solve problems (15 [71%]). Some errors
were made related to measurement (20 [31%]).

Attributes, Units, and Processes

Attributes, units, and processes refers to an understanding of measurement which
can include giving a number to an attribute such as length or width (Clements, 2004). It
can also involve comparison of an object using other objects. A large amount of
measurement-related talk involved attributes, units, and processes (91[65%]). The
majority of participants had talk related to attributes, units, and pracE&SE77%].

During a whole group activity, a measurement mystery was introduced:

Max, Kristina, and Javier were measuring objects in the classroom. These are

their results:

5 rulers

Max’s object

Javier’s object 10 large paper clips
Kristina’s object = 15 Unifix cubes

Who had the longest item? Why?
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After Madison suggested that Kristina’s object was the longest, Alex nhatieher

answer, explaining that Kristina’s object was not the longest “causeatsaaalll!”

Chris agreed, identifying Max’s object as the longest. He stated, “Whatis-but it's

the longest thing.” Steven said, “I think Chris is right.” When asked to explain, he
moved to the center of the carpet, placing a paper clip at one end of the gy, sta
“because when | measured these, this is right down here. * He continued, “yeals and thi
is right here” as he placed a cube against the end of the ruler.

Some students attributed a number to an object (5 [24%]). While attempting to
identify the mystery object in the classroom, participants lined up cubes along @fiec
yarn that was the length of the mystery object. Later, Kristina sharede‘iVas 79 and
| thought it was the desk.” Other students used numbers to compare the weight of

animals as they ordered them from lightest to heaviest:

PR: Okay well what about that animal?
Chris: Um the bear’s like 100 pounds.

PR: And where should the elephant be?
Chris: Last because it's 1,000 pounds

Measurement processes had the majority of measurement-related Esror
[80%]). In the “Measurement Mystery” introduced earlier, Madison predictéd tha
Kristina’s object was the longest, stating, “um it—because Javier had 10 iatid&ks
was bigger than that—she had more.” During a small group activity, students predicte
which geometric shape would hold the most. Kristina disagreed with Javier’s ipredict
of the cube. She held up a rectangular prism, stating, “Cause this one it’s likedodger
taller.” Javier suggested, “Well you were pushing yours up.” As the argument

continued, Steven countered, “um, we—‘cause Kristina was running it a little up more so
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it was like this.” When asked how they could find out for sure, he suggested, “Put them
down like this.”

A few students self-corrected their errors (2 [10%]). In one example dgezad
with Madison’s response that Kristina would have the longest object, stating, “I think
she’s right.” Later on in the lesson, the students were asked to vote on who had the
longest object. Kara put her hand down after initially raising it. When asked why, she
explained, “Because um Kristina because if we stick those four rulers (stimger4)
to one, we’ll make one longer than that” while pointing to fifteen Unifix cubes.

A few participants shared ideas to solve problems that involved attributes and
processes (2 [10%]). During a small group activity, Kristina and Javier argued ove
which object would hold the most. Kristina stated, “(pause) ‘cause if you measnre it
you’ll probably know the answer.”

Technigues and Tools

Measurement requires the use of techniques to compare and measure objects
(Clements, 2004). These can include understanding of iteration of a unit which means
the repetition of a single unit. It can also include knowledge of how to use various tools
such as rulers or scales. An examination of the findings revealed that sdme of t
measurement-related exploratory talk was related to techniques and to@S%AB Ky
some students (15 [71%]). When asked how to measure the length of a piece of yarn,
Steven suggested, “Um we could just um do this” as he moved to a tub of Unifix cubes
and began to place the cubes next to the yarn. When asked why he moved part of the

yarn that was folded over, he replied, “‘cause you have to start at the beginninghy Du
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another activity, Aaron shared, “Um you can make them all in a line” as he begiag pla
paper clips in a line, each end of the clip touching the previous one.

Some participants shared ideas for problem-solving that involved measurement
tools and techniques (14 [67%]). During a whole group activity, students were asked to
predict which object was the odd one out: a ruler, a measuring tape, or a scale. Aft
several students identified the scale as the odd one out, Alex challenged the others’
answers, suggesting that a scale can be used to measure. He stated, fWdiloa
measure toys or stuff like that.” Chris suggested that the ruler and meaapamwetre
alike, stating, “because um this one has like a measuring thing (goes to micaitpeif
& pulled out the tape on measuring tape) and this one matches (picked up ruler and
placed it next to the measuring tape) because it has a measurement thing

A few errors related to measurement techniques occurred (4 [20%]. During a
whole group activity, Kara suggested that the scale was not used for measurement
stating, “because them two measure and that one doesn’t” as she pointed to a ruler and a
measuring tape. Chris agreed, adding, “yes because it's on the playground.” Mia had
difficulty identifying which side of the scale indicated the heaviest, pointinggetsitie
that was in the air, stating, “This side” when asked to identify which bag hehlasie

Data Analysis

Data analysis involves organizing and representing information (Clen2&@4).
Data analysis contains two topics, namely classification and représeri&drama &
Clements, 2006b). Data analysis represented a small amount of the explocttotslk
(107 [14%]). The majority of students referred to data analysis in their talk (19)[90%

A small number of errors were found (5 [8%]).
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Representation

When learners engage in representation, they are sharing what thégdnaed
which may be in the form of a chart or a graph (Clements, 2004). Some of the data
analysis talk involved representation (57 [53%] which was found in the majority of
participants’ exploratory utterances (17 [81%)]. During one activity, studemked
with a partner to discuss if a centipede, a caterpillar, and a scorpion wets befece
bringing their results to the group for consensus. Jamie and Kara were worletiggtog
at a table. On their paper, they had circled the world ‘yes’ for caterpiltaen asked to
explain their thinking, Jamie stated, “Um we think caterpillar is.” Kdded, “because
it changes into a butterfly.” During a small group activity, students werel &slshow
the number of students present in the classroom that day. After sharing his idea of
drawing “choo choo trains like Thomas”, Steven drew twenty-one blue trains on paper.

Other participants shared ideas to solve classroom problems involving
representation (13 [62%]). During a whole group activity, students identifiedtways
determine the most popular food in the classroom to take on an upcoming field trip.
Megan voiced, “We um we can grab a piece of—a square paper and write down our
favorite food and then see what stacks the highest.” Another day, there wasra conce
that some students were getting more turns than others. The class wa® dsiek of
ways to identify when a student had had a turn. Alvin suggested, “Do do uh do like if
your stick’s in the yes cup that means that we did have a turn. Then when we put it in
the no cup, uh we all just um see people that didn’'t have a turn.”

No errors related to representation were found (0%).

Classification
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Classification means that objects can be grouped or sorted based on certain
attributes (Sarama & Clements, 2006b). The objects can be then counted or quantified.
There were some utterances related to classification (50 [47%]) found in thayra]
participants’ exploratory talk (16 [76%]). During an activity when studentgaced a
spider to a beetle, Javier noted, “The beetle had antennas and the spider didn’t.” Chris
stated, “Um that your um—um spider has 8 legs and the beetle has 6 legs.” During a
small group activity where students had to order animals from the lightest tathesthe
Justin challenged another student’s answer, stating, “No the mouse—this goestwith tha
one and then this one goes with that one! So—these are the little ones and these are the
big ones.”

A small number of errors were identified related to classification (5 [J00%
During a small group activity, students had to order pictures of zoo animals froesiight
to heaviest to prepare them for feeding. Alvin placed the mouse picture aftiepinend
picture, stating, “No it weighs more than the elephant cause elephants! aBubigpt
these little teeny mouse cause they look tiny.” A few group membersieal®ach
other (2 [10%]):

PR: Okay where should the duck go?

Do you guys agree that it goes mouse, monkey, duck? . ..

PR: Oh why do you say you disagree Alex?

Alex: ‘Cause this is heaviest one

PR: You think a duck is heavy?

Alex: Yeah

PR: Do you guys agree? Talk to them about it. Tell them why.
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Adriana: Because um tigers weigh more.

PR: Tigers weigh more Adriana says. Do you guys agree?

Students: Yes.

No participants discussed classification as part of a problem-solving idg¢a (0%

Geometry

Geometry involves geometric and spatial reasoning which can include shape
recognition, putting together shapes, transformation and symmetry, and spatial
orientation (Clements, 2004). A small amount of talk related to geometry was found (44
[69%]) for the majority of participants (16 [76%]). There were a few err@dents
[8%]).
_Shapes

Understanding of shape involves knowledge of geometric figures (Clements,
2004). This can include recognition of two- and three-dimensional shapes. Some
exploratory talk related to geometry was about shapes (25 [57%]). Some pa#icipant
shared talk about shape recognition (9 [43%]). As students worked with small groups t
identify which geometric shape held the most, Aaron predicted the square held the most
Chris corrected him, stating, “Cube.”

One error related to shapes was identified (1 [20%]). Aaron identified a shape a
“um um triangle.” The other students disagreed, stating that it was a “Square.

Spatial Awareness/Location

Spatial awareness and location involves an understanding of space (Clements,
2004). It can include map learning, coordinates, and directions. This concept

represented some of geometry-related talk (18 [41%]) made by some oftitipanats
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(13 [62%]). During a small group activity, students had to listen to a series of clues
about which cage the zoo animal should go in. After Alex placed the gorilla and tiger in
cages next to each other, Adriana disagreed, suggesting that the animals needed to be
switched because “she said the gorilla and the tiger will fight.”

A few errors were identified (4) which represented the majorityroferelated
to geometry (80%). After hearing the clue “the elephant and the tigeuppesed to be
in the middle cages”, Steven placed the tiger in a cage that was not in the middle. He
stated, “I do—I do know—this is gonna have to go right here and the tiger has to be back
here!”

Putting Together Shapes

Putting together shapes involves understanding that shapes can be “decomposed
and composed into other shapes and structures” (Sarama & Clements, 2006b, p. 40). One
utterance related to the concept was identified in the geometry-relatedatratl [2%])
by one participant (1 [5%]). While predicting which geometric figure would hold the
most sand, Mia stated, “You can make a house with a square and a triangle.brBlo err
related to this concept were identified (0).

Transformation and Symmetry

An understanding of transformation and symmetry means that the learner
recognizes shapes can rotate and have lines of symmetry (Sarama&ntle2006b).
No utterances related to this concept were found (0 [0%]).

Algebra
“Algebra begins with the search for patterns” (Clements, 2004, p. 52). The

understanding of patterns can provide the foundation for algebraic thinking. Patterns
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begin with a core unit such as “AB.” From there, the pattern can eithet seppbaas
ABAB, or grow such as ABABBABBB. Only a few utterances wereteeldo algebra (9
[1%)]) by participants (5 [24%]). No errors were found (0 [0%]).

Repeating Pattern

All utterances found related to patterning referred to repeating pai®et30%])
These were made by some of the students (5 [24%]). During a whole group ,activity
Madison alternated connecting a set of black and white cubes in one long line. Megan
stated, “Hey, Madison was doing a pattern with black and white.” During lagnmap
activity, students had to identify how many farm animals were in the barn. placed
four green tiles and one red tile above the picture of several farm animalsoll®wng

discussion occurred:

Aaron: 4 green legs. 1 red tail.
Right?

Chris: Hey, that's a pattern!

Aaron: Doing it a pattern.

One students shared a problem-solving idea related to patterning (1 [5%]). While
working in a small group, Steven suggested the following idea to ensure thadatts
had a turn in class:

Steven: I'm trying to talk about like if they get mixed up. And somebody
took somebody else. And they traded back um to each other the
same ones that they just had.

PR: Um, so where do you think we should keep the cubes so that they

don't get mixed up?
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Steven: Behind them and like in a pattern.
No errors with algebra were found (0 [0%)]).

Growing Pattern

There were no utterances identified related to growing patterns (0 [0%]).
Finding 2: The overwhelming majority of participants had speech didfiencies in
their exploratory talk (20 [95%)]. Most participants used “um” (20 [95%]), had
pauses (19 [90%]), abbreviations (17 [81%]), and repetition (17 [81%]). Some
participants used “like” (15 [71%]) and “uh” (15 [71%)]) in their talk. A few
participants had false starts (9 [43%]) and overlapping speech (5 [24%)]).

The majority of participants had speech disfluencies in their explorathry ta
which included “um” (20 [95%]), pauses (19 [90%]), abbreviations (17 [81%]), and
repetition 17 [81%]). Some participants used “like” (15 [71%]) and “uh” (15 [71%])
while a few had false starts (9 [43%]) and overlapping speech (5 [24%]). Table 4.2

displays the results of the data analysis.
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Table 4.2 Speech Disfluencies

SOUNDS LIKE Number of participants

Speech Disfluencies: 20 [95%)]
“Um” 20 [95%]

Pauses 19 [90%)]
Abbreviations 17 [81%)]
Repetition 17 [81%)]
“Like” 15 [71%]
“Uh” 15 [71%)]
False start 9 [43%)]
Overlapping 5 [24%)]

The overwhelming majority of participants used “um” at times in their
exploratory talk (20 [95%]). During a whole group lesson, Chris stated, “Umhislsix
the longest” . While sharing an explanation during a small group activity, shtadi
suggested, “Um if there’s probably three in there um ‘cause and seven thereeinmthr
is gonna um make one more um.”
Pauses

The majority of participants had pauses in their exploratory talk (19 [90%]) such
as Stacey who explained, “(pause) ‘cause all of them right order”. ©taemples

include, “We can uh see (pause) who we can count the (pause) wrapper and see how
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much is on there ” (Megan) or when Aaron counted, “1, 2, 3, 4, 5, 6, 7, 8, 9 (pause)
we've got (pause) we've got 10, 11.”

Abbreviated Speech

Many participants had examples of abbreviated speech in their expldedkory
(17 [81%)]) such as Alex’s explanation of “This one holds the most ‘cause it's heavies
and Megan who stated, “We can give ‘em two.”

Repetition

The majority of participants had repetition of words and phrases in their
exploratory talk (17 [81%]). This included Alvin who explained, “If someone has a
card, then that that reminded we already had a turn” and Kristina who sjg@ée
could we could put um cards right there.”

“Like™

Some participants used the word “like” in their exploratory talk (15 [71%]).
While weighing objects in a small group, Aaron stated, “It's not heavyjkéshis
heavy” . During another activity, Alex suggested, “Like—put sand in them anph$ke
hold the the cups.”

“Uh” was found in the exploratory talk of some participants (15 [71%]) including
Stacey who suggested, “Uh (pause) we can use cubes” or Tiara who statesk tio
‘cause if we put that one in there that one will be full.”

False Starts
A few participants had false starts in their exploratory talk (9 [43%])sé he

included phrases that went nowhere such as when Javier challenged, “Thetéheesn’
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wasn’t en—(pause) ‘cause all of it didn’t go in there!” or Kristina's argtion of
“Because um the tiger—the elephant are huge.”
Overlapping

Overlapping speech was found in a few participants’ exploratory tad@s]).
During a whole group activity, Megan stated, “ Um, we can um add more cubeshe um t
to those cubes (points to 4 cubes in middle of carpet) and um then.” Madison
interjected, stating, “That's what | said!” Another example ocduitging a small group
activity: Steven stated, “one of those are bigger” and Kristina overlappeuekeishs
stating, “This one is probably the biggest.”

Finding #3: All 21 participants shared their ideas using exploratory talk (100%)
The overwhelming majority of participants offered statements for joint
consideration (20 [95%]). The majority of participants challenged others’ idas (18
[86%]), set up hypotheses (18 [86%]), gave requests for clarity (16 [76%]), and had
joint agreements (16 [76%]) in their talk. Some participants used eviderco
support their thinking (15 [71%]), drew conclusions (14 [67%]), provided altenate
theories (13 [62%)]), and revised their thinking (11 [52%]).

All research participants shared their ideas in their exploratory talk)100
Statements offered for joint consideration were also found in the overwhelrajogtyn
of participants’ talk (20 [95%]). Many participants challenged others (18 [86%i]up
hypotheses (18 [86%]), gave requests for clarity (16 [76%]), and had joint agreements
(16 [76%]). Evidence used to support thinking (15 [71%]), drawing conclusions (14
[67%]), offering alternate theories (13 [62%]), and revisions (11 [52%]) weodf@lind

in some participants’ exploratory talk. Table 4.3 displays the results ohthieds.

121



Table 4.3 What Does Exploratory Talk Sound Like?

SOUNDS LIKE

TOTAL

Shares/explains ideas

21 [100%]

Statements offered for joint consideration 20 [95%]
Challenges others’ ideas 18 [86%]
Sets up hypotheses 18 [86%]
Joint agreement 16 [76%]
Seeks clarity 16 [76%)]
Uses evidence to support thinking 15 [71%)]
Draws conclusions 14 [67%)]
Offers alternate theories 13 [62%)]
Revises thinking 11 [52%)]

Shares and Explains Ideas

All 21 participants shared their ideas through their exploratory talk (100BS.

included students simply sharing their thinking, such as by counting objects.

PR: Okay. Now do you think we're done? Ivan, why don't you come
count? We'll see how many feet we've got. Here comes--go ahead
and start here. Can you guys help Ilvan?

lvan: 1234

PR: 5

lvan: 56

PR+Ivan: 678910
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lvan: 11

PR+lvan: 11121314

PR: Hey, did we have enough feet?

Students: Yeah!
During an observation, Madison and Adriana noticed that a numbered card for the
calendar was missing. They took a card out of the calendar pocket and cut a piece of
paper to match. They worked together to draw a picture of Abraham Lincoln that was on
the missing card. When finished, Madison suggested, “You need a small number to
match.” The students wrote the number “21” on the card and inserted it into the empty
pocket on the calendar.

Most of the participants shared explanations (20 [95%]). After Adriana iddntifie
“Max” as having the longest object, she explained, “cause it had five rulBrging a
small group lesson, students ordered zoo animals from lightest to heaviest.h&jext, t
predicted which food bag should go with each animal based on weight. After identifying
that bag “C” was heavier, students were asked which animal should have the bag. Chri
answered, “Um the tiger”, explaining “because the tiger is bigger thandhkey.”

Some students shared how they solved problems (11 [52%)]). After Kara stated
“My answer was we need three more”, she explained, “I just um thought about it mysel
and | started counting the thing (makes a horizontal line with hand) and | had seven then
pulled apart three more and that made 10.” At times, students’ explanationsdeveal
some inconsistencies (6 [29%]).

Aaron: We have three-three bodies.

PR: There's three body parts. Right.
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Aaron: Three plus three is six.

PR: Now do we have enough legs?

Aaron: Yeah.

PR: We do? Ijust count 1 2 3 legs.

Aaron: No we put the green and red together--that makes six!
PR: Well, I thought Chris said the red was the body.

Statements Offered For Joint Consideration

The overwhelming majority of participants offered statements for joint
consideration (20 [95%]). These included statements offered to the group to consider as
they worked together to solve problems. As students shared suggestions fomdegermi
the total number of noses in the classroom, Colby voiced, “Um we can um like put tally
marks (points to chart) we can like stand up and put some tally marks and sit down.”
While working in a small group, students were asked to think of ways to figure out
what'’s inside the creepy crawlie jar. Steven suggested, “We could dravtheftaere.”

Other times, students built onto others’ ideas as they made suggestions for the
group to consider (15 [71%]). During one activity, students shared ideas on how to vote

fairly. After an idea for using cubes and paper had been shared, Chris suggested the

following:
Chris: You can like um have a paper and we can write our names and we
can put cubes on the paper
PR: Okay. So write names on paper and then what?
Chris: And then we can vote and we can see (pause) we can
PR: Well let's back step a minute. We can write our names on paper
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Chris: And you can put the cubes on them and we can see

PR: Will that help us see who's voted?

Chris: Yeah and we can see um if they have a paper and they put the
cubes around the paper, um, on the paper and that's means they

already had a turn.

PR: Okay so we'll be able to tell who's had a turn if the cube is off their
paper.
Chris: Yeah.

During one whole group episode, students identified ways to determine how many eye
were in the classroom. After one student suggested counting out two cubes for each
student, Adriana continued the idea, suggesting placing the cubes “um in front of us.”
When asked how the students might keep track of the number of eyes, Megan stated,
“Um we can keep um the things in front of us and then put them behind” as they were
being counted.

A few of the joint considerations became clearer as students explainedehsir i
(3 [14%]). During a small group activity, students shared ideas on identifying the tota
number of cookies eaten in class. Chris suggested, “Um, we can count by twe&s and s
how much there were and we can use um these” (points to colored tiles). He continued,
“Yeah and then we can put them and we can put 'em (pause) and we can use a paper and
we can put them on here.” He finished by stating, “on the paper.” Other times, student
were asked to restate their idea to the group (3 [14%)]).

Madison: Uum we can um see um that um how many cookies that were in

the box and if we and iihh if we just forgot if we just forgot how
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PR:

Megan:
PR:

Madison:

to, we could take them out and then put them on the plate and then
if um if that's enough and when you tell us to stop, that means
that's how many cookies there was.

Okay. So did you understand what Madison said? Does someone
want to ask her a question? Megan?

Um what did you say?

Can you say it in a different way?

Um | said we could put them by groups um down and then um um
when you tell us to stop, we could stop and figure out how many

we have.

Some of the talk revealed students restating their ideas if they were nns&gande

(3 [14%]). After Megan originally suggested an idea to identify what kind s§iam

party to have, the following discussion occurred:

PR:

PR:

Megan:

PR:

Megan:

So that means on our pieces of paper, we need to do/Megan: No,
| said

what?

| said that we write we write our favorite things and if the paper
goes the highest (puts hand in air)

Yeah.

Then and then you get to try (points finger in air gradually going

higher) which one's the highest.
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Challenges Others’ Ideas

Many participants challenged others’ ideas in their exploratory 181k86%0]).
During a small group activity, students suggested ideas to determine the numlaersof ch
needed for a party.

Javier: Umm you can like count the little things that stand them up.

PR: Oh so you can count the chair legs. Okay. Now how many chair

legs do you think there are on a chair?

Kristina: Four.

Javier: Uuh. 24,

PR: Do you guys agree or disagree?

Kristina: Disagree.

PR: Why do you disagree?

Kristina: '‘Cause 24 legs is too many.

PR: Okay so how many legs do you think there are?
Kristina: Four.

During another episode, one student suggested adding one more counter to make a set of
nine legs. Aaron stated, “We don’t need nine!” He continued, “Spiders don’t have nine
legs. They have eight legs so that’s one spider with eight legs.”

A few participants discovered their challenges were incorrect (2])1084ter

Alvin drew seven lines on a piece of paper, the following dialogue began:

Students: Uuh. No.
PR: No? Talk it over with Alvin.
Madison: | think there's six.
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PR: You think there's six? How could you show me what's the
problem?
Madison: 1,2,3...7
A few participants helped each other identify how the mistake was made (2
[10%]). During one activity, Mia shared that there were five days of schodueftg
one week on the calendar. Adriana challenged her answer, stating to Miag“tbat
one we’'re not supposed to.” She further explained, “cause that one means we’re off”,
referring to Sunday on the calendar.
A few students challenged their peers while suggesting why the answgivea
(2 [10%]).
Kristina: And then | think this one goes next and then this one and then
PR: Okay and then Kristina showed us--this one's called a rectangular
prism. Wanna put that one right there?
Javier: No, | think these ones are the same size
She wants those to hold more

Sets Up Hypotheses

The majority of participants set up hypotheses in their exploratory talk (18
[86%]). While attempting to identify how many cubes were in the mysteryQiacs
stated, “I think that remember, you started with 10. Maybe | think took three aay a
sounds like one is in there but | think they are hooked together.” Other times, a few
students worked together on forming their hypotheses (4 [19%]). During agsmadl
activity, some students were puzzled by what was inside the creepyegawlAfter

noticing that two counters were leftover, the following conversation occurred:
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Aaron: Spider!

PR: Why do you think it might be a spider?
Chris: Spi-ders!

PR: I know but why do you think it's a spider?
Aaron: ‘Cause it doesn't say any

Chris: Sometimes spiders crawl.

PR: Okay/Chris: And they're kind of creepy.

Joint Agreement

Some participants had examples of joint agreements in their exploratorygalk (
[76%]). During one activity, Jamie and Kara were discussing whether a scorg@mwa
insect. When asked what they had decided, they both stated, “It's not” while Kara
continued, “an insect.” While identifying the animals hidden in the mystery bharis, C
suggested they had too many tails. Aaron voiced, “Oh you know, | think he's right.”

Seeks Clarity

Some participants sought clarity in an attempt to understand others’ ideas (16
[76%]). Madison disagreed with another student’s answer, stating, “There twdsum tai
and um what'd she say?” The student was then able to explain her idea again. During a
small group activity, Chris shared an idea he had about making sure everyone had a turn

in the classroom. The following discussion occurred:

Colby: How're you gonna do that?
PR: How are you gonna do that. That's a good question.
Chris: Uum. Let's pretend let's pretend um
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uum uum you put something right here and and you can put one

right here, right there. Yeah, put the squares. That'd be better.

PR: And would those stand for people?

Chris: who haven't

PR: So everybody who has not had a turn, has a cube. Okay.

Chris: Whoever doesn't have a cube, they already had a turn.

PR: Okay. So let's say you had a turn, so what would you do with your
cube?

Chris: I would think put it right on here and if (pause) if you and

PR: Oh so if you get more than one turn, you get a second cube. Okay.

Does that make more sense to you Colby?
Colby: Yeah.
A few participants shared clarity-seeking questions and statemehtsyagdrked
together (4 [19%]). Aaron and Todd were working together to represent their idea.
Aaron was drawing a picture of the classroom carpet on a sheet of paper. Asron wa

asked how he could include Todd in the process, resulting in the following dialogue:

Aaron: Well he could get a pencil and with an eraser, well

PR: Or a crayon? Will a crayon work?

Todd: And the crayon goes where?

PR: Okay, talk it out guys. What do you want him to do? Tell him.
Aaron: Okay, I'm drawing with a pencil by it and get a red crayon and

there's another red crayon, just get it and because | need another

red crayon like this.
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Todd: Purple (sound of crayons in can)

Aaron: We can't use another color than this because this is the red row.
Right?

Todd: Huh?

Aaron: This is the red row.

Uses Evidence To Support Thinking

The majority of participants used evidence to support their thinking (15 [71%)]).
Some of the evidence was students’ use of prior knowledge, such as when students had to
order animal pictures from lightest to the heaviest. Tiara stated, 6fbis the biggest
‘cause it's bigger than this one, this one this one and this one” referring to the picture of
the elephant. Todd suggested that the mouse should be first, explaining, “The the mouse
weighs um like one pound.” During a small group activity, Chris suggestedtilisggp

build an insect model:

PR: Okay go. How are you gonna use the tiles to guess what's inside
my bag?

Chris: You can use the greens for the feet,

PR: Okay

Chris: the reds for the body, and the blue for the eyes.

PR: Okay, do we need to count the eyes?

Chris: and the yellow for the um antennas.

During one small group activity, Madison suggested, “Um if we had a balance we could
balance balance them and see which one’s the biggest one” while attemptingifip ident

which shape held the most.
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A few students used demonstration to support their answers (3 [14%]).

PR: And then | heard at the end, Aaron said this square held more.
How did you know it held more?

Aaron: Well, let's try this one more time.

PR: Okay go ahead and show us.
(sound of sand pouring)

Aaron: ‘Cause that one's gonna hold that (more sand pouring)

PR: Okay. So we filled up the cube. And now we're gonna try the--

hexagon prism

Aaron: Hexagon prism

PR: And what's gonna happen Aaron?
Chris: Sand is falling down

Aaron: See that side

(sand pouring)

See?
PR: Oh so what did we see?
Aaron: Sand fall down.
PR: So which held more?
Aaron/
students: the squ/the square

Draws Conclusions

Drawing conclusions was found in the exploratory talk of some participants (14
[67%]). After identifying the total number of cookies eaten in class, thenfiolg

discussion occurred:
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Javier:

PR/Students:

Javier:

PR:

Javier:

PR:

Jamie:

PR:

Javier:

PR:

Javier:

PR:

Javier:

During a small group activity, students predicted that the cube would hold the most.
After brainstorming strategies, the students worked together pouring sand front¢he
into other geometric shapes. Steven poured sand from the cube into the cone, noting that

some sand was still left inside the cube although the cone was full. He concluded that

1,2,...16
17,18, 19, 20, ...
23,24,...36,...40
And what about our leftover one? Who has it?
So what would that make?
41.
So do you think there was 41 cookies yesterday?
Uuuh 20.
Okay. Well, how many cookies did we just say?
41
Did we say 20 cookies or 41?
41

41 cookies. Why do you say that, Javier?

Um because there's 41 unifix cubes. There's 41 cubes.

“the cube” held more.

A small number of participants offered alternate theories in their explpaik
(13 [62%]). These included the introduction of new thinking into the dialogue such as

Michael, when asked to help Aaron keep track of the number of cubes, suggested, “Let’

Alternate Theories
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count them in your head.” Another example included Jamie who voiced, “We could um
(pause) see which one holds the mostest with the sand” while the remaining smefber
his team argued about which geometric shape was the biggest.
Revisions
A small number of participants revised or changed their thinking as a result of
problem-solving activities (11 [52%]). During a small group activity, students worked

together to order the zoo animals from lightest to heaviest:

Chris: Tiger is like 10 pounds.
Todd: Tiger is not 10 pounds it weighs more!
Chris: | think the tiger weighs like 20 pounds.

Other examples revealed students recognizing their own errors (2 [10%d). Aft
hearing the clue “the gorilla and the tiger will fight if they’'re nexeach other”, a

student placed the animal figures into four different cages. The following siisgus

occurred:
Alvin: No | disagree.
PR: Do you guys agree?
Okay Alvin says he disagrees.
Why?
Alvin: It's just because they they they (makes noise) they right here.
PR: You think it's supposed to go in the middle?
Tiara: It's supposed to go down here ‘cause they're gonna fight.
PR: Oh so they can't be together can they? Okay.
Alvin: | thought they would fight if they were in the same box.
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When asked to predict which geometric shape would hold the most, Javier voiced, “Like
sand will be um ca-there’s more sand in there cause this one is the size of th#tioke. |
there—they should hold the same size.” Later on, when asked to explain why the cube
held more, he stated, “There wasn't there wasn't en-cause all oftigdiagm’there! Yes
cause it wasn't the same--I thought it was. But it wasn't.”

Finding #4: The majority of students used their hands and fingeras they engaged

in exploratory talk (15 [71%]). Many participants used gestures, including

pointing (15 [71%]). A few participants gestured as they dramatized parof their
response (7 [33%]). Some participants used their fingers to solve problems (9

[43%)]).

One interesting finding was that the majority of participants usedraeds and
fingers as they shared exploratory talk (15 [71%]). Many participandsgestures,
including pointing to objects as they stated their responses (15 [71%]). A few
participants gestured as they dramatized parts of their talk (7 [33%})e Barticipants
used their fingers to share answers or solve problems (9 [43%)]).

Gestures

Pointed to Objects

The majority of participants pointed to objects as they shared explordio(y3a
[71%]). Madison suggested, “Um we um can put out some cubes (points to cubes) next
to that” (points to ruler). Kara explained, “Because (pause) um we can'ttbosettwo
(points to calendar) because um because actually Friday we don’t have school so.”

Dramatization
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A few participants dramatized part of their exploratory talk (7 [33%]). Megan
suggested, “We um we can grab a piece of—a square paper and write down our favorite
food” (moves finger across carpet). Steven explained why a scorpion wasrseat) i
stating, “They have (holds hands out to side and opens and shuts hands) they have these
two things” (points to pinchers on the picture of the scorpion).

Use of Fingers To Solve Problems

Some participants used their fingers as they engaged in exploraka(§ tal

[43%]).

PR: Okay are you gonna figure out --have you figured out how many
more counters we need for our party?
(ACTIVITY) Student nods head.

PR: Show me that answer.

Javier: 10 more.

PR: Do we need 10 more?
(ACTIVITY) He looks down then shows three fingers.

Javier Three! Yeah three!

PR: Okay, show me how you came to that answer.

During a whole group activity, Kara suggested there were two pigs in temyyparn.

When asked to explain her thinking, she stated, “And um | think he counted them like
two times unless um two times so that um makes (shows four fingers on each hand) so
four plus four equals seven.”

Finding 5: A large amount of exploratory talk utterances were found (1473) wbh

occurred during small group activities (960), whole group lessons (506), and
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observations (7). All 21 participants engaged in exploratory talk during smabgroup
(100%) and whole group activities (100%). A small number of students had
examples of exploratory talk during observations (5 [24%], including calendar)
[5%]), math activities (1 [5%]), snack preparation (3 [14%]) and a class meeting?(
[10%]).

A significant amount of exploratory talk was identified in the classroonoulise
(1473). These utterances were found in small group activities (960), whole group lessons
(506), and during observations (7). All 21 participants engaged in exploratory talk during
small group (100%) and whole group activities (100%). A small number of students had
examples of exploratory talk during observations (5 [24%], including calendar {}, [5%
math activities (1 [5%)]), snack preparation (3 [14%]) and a class meeting (2 [10%

Table 4.4 presents the research findings.

Table 4.4 When Does Exploratory Talk Occur?
Format Number of participants | Number of Exploratory
Talk Utterances
1473
Small Group: 21 [100%] 960
Whole Group 21 [100%] 506
Observations 5 [24%)] 7
Calendar 1 [5%)] 1 [14%)]
Math activities 115%] 1 [14%)]
Shack preparation 3 [14%)] 3 [43%)]
Class meetings 2 [10%] 2 [29%]
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Note: percentages are not provided for the number of exploratory talk uttersutices a
comparison base is not equal (i.e., four weekly small group activities; one or tkiy wee
whole group lessons; five observations).

Small Group Activities

A large amount of exploratory talk utterances were found in small group
discourse (960). All participantead examples of exploratory talk utterances in small
groups (100%).

An Example of Small Group Exploratory Talk

During one activity, group members engaged in exploratory talk as theyotried t

figure out how many items were in the mystery bag. Exploratory talk uttsranee

highlighted.

PR: I'm meeting with group four, finishing up week six. Can you say your
name?

Aaron: Aaron.

Chris: Chris

Todd: Todd

PR: Good. Well, we solved the problem last week with the mystery bag. And
guess what, the mystery bag is back. You have to figure out how many
things are in it. Okay, listen (sound of item inside sack being shaken).

Hmm, | wonder how many things are in there. Do you have enough

information though?

Students: Hmm.

PR: Let me show you how many | ended up with first.
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PR:

Todd:

PR:

Aaron:

PR:

Aaron:

PR:

Chris:

PR:

Aaron:

PR:

Aaron:

PR:

1,2, 3,4,5,6,7. | have seven leftover, here's my sack (shakes sack) and |
started with 10. How many's in my sack?

Todd, you say there's 1. Why do you think there's 17?

'‘Cause | hear sa-- one thing in there.

Todd hears one cube. Do you guys agree? Is there one in here?

No.

Aaron, you say you disagree. Why do you disagree?

Because um you started with 10 and you started with 7 and it goes to 8, 9,
10.

Oh, so you think there's got to be more than one in here.

Chris, what do you think?

Um, there there

| think that remember, you started with 10. Maybe I think took three
away and sounds like one is in there but | think they are hooked together.
Oh. Very clever. Okay, how could we find out for sure? Could we use
these cubes to figure out our answer without looking in the bag? What
could we do, Aaron?

Um, we could count them right out here and get some three more and put
it right here.

Okay. So you want to try that? So Aaron's gonna get three more.

1 2 3.

Okay Aaron, tell me what you're doing.
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Aaron:

Todd:

Chris:

Students:

PR:

Students:

PR:

Todd:

PR:

Students:

PR:

Then I'm gonna put them right here and then I'm gonna stack them up
together.

How does that come out?

Did you count this?

Um. 10. 10!

Okay, now Aaron took the three and added it to our seven. What does that

add up to?

Sois that 10? Do you guys agree? Should I --

Yes!

is there three in my sack?

Okay, shall we let Todd look?
Okay Todd, look inside.

They're all hooked together!

Hmmmm! Now bring it out. Show it to everybody. Show it to your group.
Oh, so were we right?

Yes!

Okay, who wants to write your answer? You guys solved that question
really fast. Since Chris got to, I'm sorry, Aaron got to do a lot of counting,
we'll let Chris write it and if you agree with Chris, you may sign your
name to the paper. Good work today. You guys solved that fast!

Whole Group Activities

Some exploratory talk was found in the whole group discourse (206).

participantshared exploratory talk utterances during whole group activities (100%).
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During whole group activities, the students and teacher worked together to solve
problems using exploratory talk. The following lesson took place during week tbig of
research study. Highlighted items indicate examples of exploratéry tal

An Example of Whole Group Exploratory Talk

(ACTIVITY) Students are seated on the carpet facing an easel/dPRarwalks across

carpet and stands by easel/chart. Points to chart that states 'Talk Chart'.

PR: Okay, who sees a rule we talked about?

(ACTIVITY) 2 students raise hands.

Umm Tiara? Do you remember any of our talk chart rules?

(ACTIVITY) Tiara points to 6th rule on chart.

PR: It says (points to each word) work together on ideas. Do you guys think
we do that one pretty well?

Students: Mmhm.

PR: Let's just read them all real quick. (points to first rule on chamy a fe
students join in): We listen. Take turns. Don't interrupt. Let everyone
talk. We are nice. Work together on ideas. If you understand, ask. And
if you disagree, be kind.

Well, I noticed one that we did last week and you guys helped me with

that. What if I'm talking and | get stuck, did you guys help me?

Kristina: Yes.

PR: So if someone gets stuck on ideas, can you help 'em out? What do you
think?
What?

141



Students: Yes.

PR: Yes so if someone (begins to write on chart) gets, what's my word?
Students: stuck

Student: on

PR: Help them out. | can help them out by saying, “What do you mean?” or |

can even add to their ideas.
Who can raise their hand and say to me their favorite colors?
(ACTIVITY) Majority of students raise hands.
Steven.
Steven: Blue
(ACTIVITY) PR puts face behind easel.
PR: Hmm, hmmm.
(ACTIVITY) PR comes out from behind easel and looks at students.

Did you say something?

Steven: Yelp!

PR: Was he talking to me?

Students: Yes.

PR: Oh so you mean when someone's talking to me, should | show ‘em I'm
listening?

Alvin: Blue.

PR: So how could | show Steven I'm listening? What could | do with my

body? Megan?

Megan: Um open up your ears.
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PR: So | can make sure my ears are open (holds hands by ears). What else
should I do if Steven's talking? Javier?

Javier: Um look at him.

PR: Oh that's a good one. So | could maybe look at him. So could you guys
show me that?

(ACTIVITY) Students turn around and look at student [Steven].
So if Steven's talking, so we're gonna look at someone when they're
talking. How else can we show that we're listening?

(ACTIVITY) Student [Aaron] puts hand in air.
Aaron, what do you think?

Aaron: Um we can listen by when somebody's talking
We can not interrupt.

PR: Oh that's a good idea so we can not interrupt him. We want him to keep
talking. Sometimes though if like Miss Amy's talking, | might say, “Yeah,
Miss Amy”, | might help her when she's talking. So | want you guys to
help me think about . . . how we can show we're listening.
Well, here's my tricky problem. I'm gonna wait for everyone to turn back
around and face the middle of the carpet ‘cause you know what happened
to me last night? | went to the store and this is what happened (PR stands
up). I'm gonna show, I'm gonna act it out.

(ACTIVITY) PR leaves camera range; students turn and watch.
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| had a bag (PR returns holding a blue bag that is folded at the top) of stuff
and | had four in my hand (PR kneels down and joins circle; shows four
counters).

Now, | wonder if there's any way | could figure out how many things are

in my sack without opening the sack?

What could | do? Now | know there's something in here (shakes sack) and
I know | have four in my hand (shows four cubes stuck together in a train).

How could I figure out how many things are inside my sack?

(ACTIVITY) Megan raises hand.

Megan:

PR:

Megan, what do you think?

Um, you could um ask um Miss Amy for the number.

So | could ask somebody to help me. But what if | don't let anybody peek
inside?

They have to just be tricky and try to figure out. | know | have four. How

many things are in my sack?

(ACTIVITY) 2 students [Aaron and Javier] raise hands.

Javier:

PR:

Javier:

PR:

Javier, what could | do?

Um

You could take the cubes (cups hand on carpet) and try to guess it.
Mhhmm.

You can like give a number and see if it's right.

Okay so somebody could say a number and then | could figure it out that

way.
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Javier:

PR:

Okay.
And then if you get it right, you can look.
Okay but you know I'm not sure how many are in here either. 1 forgot.

Hmm. How could we figure it out. Tricky?

(ACTIVITY) Several students raise hands [Alex, Todd, Aaron]

Todd:

PR:

Todd:

PR:

Todd:

PR:

PR:

Do you have an idea Todd?

Um (pause)

I know there's something in here (shakes bag) and | know | have four
cubes (places cubes slightly apart on the carpet). How could | figure out
how many things are in my sack?

Mhhmm

Hmmm, is that tricky?

Yeah!

Yeah. Pretty/Todd: Four!

tricky. You think there might be four?

(ACTIVITY) Student [Todd] nods head.

Todd:

Kristina:

PR:

Okay. Why do you think four?
(pause)
(points to counters on floaor) ‘Cause there's four.

You think ‘cause there's 4 right there?

(ACTIVITY) Kristina and Todd nod heads.

So it might be a double? Okay. Anybody have another idea?

(ACTIVITY) Student [Aaron] raises hand.
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Aaron:

PR:

Students:

PR:

If you can count just one, maybe there's just one in there.

You think there might be just one more. Well, let's listen (shakes sack;
many cubes are heard moving around inside sack). Do you think there's
one or maybe more than one?

More than one!

Oh, I think you might be right Stacy. Okay, Chris, do you have an

idea?

(ACTIVITY) Student [Chris] shakes head ['no'.]

PR:

Mia:

PR:

Mia:

PR:

No. Well, what if I told you this information, ---.

What if | started with 10 things. | put some in my sack (shakes sack) and |
know | have four (shows four cubes in hand) left over. How could I figure
it out then?

I wonder how I could figure it out. (PR raises hand). Quiet hand. Who
thinks they know. How many things are in my sack?

Mia, what do you think?

Hmm

(pause) Eight.

Okay. How did you figure that out? Mia thinks there might be eight
things.

(pause; no response)

Not sure? You wanna think some more on that?

(ACTIVITY) Student [Mia] nods head; two students [Stacy & Alvin] have hands up.

Okay, Stacy has a good hand.
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Stacy: (no response; looks at PR)

PR: What could | do to solve this problem? | know you've had a busy day and
you guys look kind of tired. Wonder what we could do to figure how
many things are in Mrs. Bequette's sack without looking inside.

(ACTIVITY) Students non-responsive.

Hmm. Nobody has an idea.

Aaron, what could we do?

Aaron: Um, we could dump that stuff out and count 'em with the cubes.
PR: Yeah, would that be peeking though?

Aaron: Yes (hides face)

PR: So you can't peek. How many did we start with?

Aaron: Four.

PR: Well, how many things did | start with?

Students: 10!

PR: Ten. | put some in my sack (shakes sack) and | have four left over.

(ACTIVITY) Student [Alvin] raises hand.

Alvin: Ohhhh, | think I know!

PR: Alvin, what could | do?

(ACTIVITY) Student [Alvin] pauses; no response

(ACTIVITY) Student [Chris] is placing one finger up at a time. He mals&nd then puts
it down.

Alvin: | forgot.
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PR: You forgot? Okay Alvin's gonna think some more. What if, okay, it looks
like we're kinda stumped. So I'm gonna put a tool out here. | wonder if
we could use this tool to help us solve this problem?

(ACTIVITY) PR places tub of counters on carpet.

Okay, so here's some cubes. | know | started with 10. | put some in here
and four are left.

(ACTIVITY) Several students raise hands.

Madison, what could | do?

Madison: Um, you can put um in front you can count um how many's in there how
many's in there you gotta put um you gotta put some in there and count
how many's down.

PR Okay, so | think what Madison's saying is we need to put some out?
(points to cubes in center of carpet).

(ACTIVITY) Madison nods head.

Now who could add to Madison's idea? How many do we need to put
out?
Megan?

Megan: Um, we can um add more cubes to um the to those cubes (points to four
cubes in middle of carpet) and um then/Madison: That's what | said!

PR: [to Madison] Oh good!

Megan: you can add um more cubes and you make um that those cubes um to 10.
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PR: Okay. So Megan has one idea. She says that we can add cubes (points to
four cubes laid in a row on carpet) to make 10 and see how many cubes

we would have? So was that your idea too, Madison?

Madison: No.

PR: No okay. How was your idea different?

Madison: Shaking the bag out here and put some of the cubes out here (points to
carpet).

PR: Ohhh! But I'm not gonna let you peek in here for a little while. Okay.

(ACTIVITY) Student [Chris] raises hand. PR points at him.

PR: Chris, what could we do?
Chris: I know I think | know how many's in there.
PR: Okay, don't give the answer away!!

Yeah, | wanna know how we could figure it out as a class.

(ACTIVITY) Student [Kristina] raises hand.

Kristina?
Kristina: Put four out there (points to carpet)
PR: Okay so Kristina says we need to put four out there. Who thinks there's

four in here or maybe more or less? What do you guys think?
(ACTIVITY) Student [Stacy] raises hand.

Stacy, what do you think?

Stacy:. More.
PR: More. Why do you think there might be more?
Stacy: (No response)
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PR: I wonder why she thinks there might be more than four? Does it sound
like maybe more than four? (shakes bag)

(ACTIVITY) She nods head [yes]
Hmm, okay. Well, let's go back to Megan's idea. She said to add cubes
(points to tub of cubes) to this set (points to four cubes) to find out how

many might be in the set. So how many are we going to count up to,

Megan?
Megan: 10.
PR: Okay, so what are we at right here (points to fourth cube)
Megan: Uh
PR: What?
Megan: Four.
PR: Okay do you wanna come add some and we'll see?

(ACTIVITY) Student goes to middle of carpet; she takes one cube from the tub.
PR: Okay so what are we at?
We're at four. What comes after four?
Megan: (puts down fifth cube in the line)
PR: 5
| wanna hear you guys help me count.
(ACTIVITY) Student adds another cube to set.
PR+Students: 6
PR: We're all helping!

(ACTIVITY) Student continues to take one cube from tub and add it to the line.
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PR+Students: 7, 8, 9, 10.

PR: Okay, so we've got 10 cubes. Huh, did we figure it out? Did we solve it?
Who says no?
What do we need to do with the 10 cubes?
Kara, what do you think we need to do with the 10 cubes?

Kara: (pause)

PR: We know Mrs. Bequette had four left over. How could we figure out how

many's in my sack?

Kara: (points to each of the cubes) Um

PR: What were you doing? | saw you doing something?

Kara: | counted the four and um there's six right there.

PR: Okay, so we have four (shows four cubes) and then we have six (points to

six cubes). So do you think there's six in my sack?

(ACTIVITY) Student nods head.

Students: Yes.

PR: Why do you think that?

Kara: Because (pause) there's six and four right there (points to cubes)
PR: So do you think four and six together make 107?

(ACTIVITY) She nods head.

PR: Okay. Now what do you guys think? Do you agree with Kara (shows
thumb up) or do you disagree (shows thumb down)?

(ACTIVITY) Many students show thumbs up; a few show thumbs down

Okay, | see a lot of agrees. Javier, what do you think?
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Javier: Um
PR: Do you think she's right?
(ACTIVITY) Javier nods head 'yes'.

Do we wanna look inside?

Students: Yeah!!

PR: Are you sure you wanna look!
Students: Yeah!!

PR: Okay Kara, come and look.

So she thinks there's six.
(ACTIVITY) Student [Kara] goes to middle of carpet towards sack.
I would be so glad if you could solve this problem. | wanna know how
many things | put in my sack!
(ACTIVITY) She looks inside sack. Then turns to PR.
Kara: There's six.
PR: Okay, you wanna prove it to us? We want proof, don't we guys?
(ACTIVITY) Many students nod head.
(ACTIVITY) Student reaches into sack and takes out one cube at a time. Shelsaces t
cube away from the other cubes on the carpet.
PR+Students: 1
(ACTIVITY) Student continues to withdraw one cube at a time and place it néw to t
previous cube in a straight line.
PR+Students: 2, 3,4, 5, 6

PR: Was she right?
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Students: Yeah!

PR: Let's clap for everybody!

(ACTIVITY) Students clap hands.
Wow!

(ACTIVITY) PR puts cubes in hand.

Alvin: | was wrong because | was about to say five.

PR: So were you getting close? Why did you think five, Alvin?
Alvin: Well, because I just thought that we had five but we just had six.
PR: Okay, well, good job today.

[Discourse removed —non consenting student]

PR: How did she know that? Kara, you want to explain it one more time?

Kara: I knew it because there were four and then there was um six so | counted
on and it was six right there.

PR: Okay, so she kind of had two groups, didn't she? You had our first group

was what, how many?

Chris: Four.

PR: Four and then how many did Megan add to make 10?
Chris: Six.

PR: six and together that made a total of

Student: Six

Students: Ten

PR: Was it a total of six or a total of 10?

(ACTIVITY) Students show 10 fingers
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So you guys worked together. Nice job with that. Okay, let's talk about
our math labs.
Observations
A small number of participants engaged in exploratory talk during observations (5
[24%]), including calendar activities (1 [5%)]), math table activities (1 }5%6lack time
(3 [14%], and a class meeting (2 [10%)]).

An Example of Observational Exploratory Talk

During snack time, a small group of students prepared the popcorn and juice for
students to enjoy for a classroom party. After identifying how many studergs we
present by looking at the student-created attendance chart, the group workesr toget
set out a matching number of popcorn sacks. Madison voiced, “One per sack” as the
juice was passed out. Kristina suggested, “Put names on sacks to make sure everyone
gets one.” Stacey noticed that another student, Alvin, was gone. “Alvin’s not Bere” a
she removed a sack and juice.

Finding 6: Much of the teacher support was the use of reply not assess wofd806
[42%]). Some of the teacher support included the revoice of studehtesponses
(677 [22%]) and the use of open-ended questions (561 [18%]). A small amount of
teacher support was review (190 [6%]), the teacher acting as a peer (105 [4%)])
leading students through their puzzlement (103 [3%]), informal use ahath
vocabulary (96 [3%]), and the use of tools to support thinking (46 [2%]).

An examination of the classroom discourse revealed that much of the teacher
support was through the use of reply not assess words (1306 [42%]). Other types of

support included revoicing student responses (677 [22%]) and using open-ended
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guestions (561 [18%]). A smaller amount of teacher support included review (190 [6%]),
the teacher acting as a peer (105 [4%)]), leading students through their €03
[3%]), the informal use of math vocabulary (96 [3%]), and the use of tools to support

thinking (46 [2%]). Table 4.5 presents the research findings.

Table 4.5 Teacher Support
Descriptor TOTAL
TOTAL 3084
Reply not assess 1306
[42%)]
Revoice 677
[22%)]
Open-ended questions 561
[18%)]
Review 190
[6%]
Teacher as peer 105
[4%]
Lead through puzzlement 103
[3%]
Informal use of vocabulary 96
[3%]
Tools 46
[2%]

Reply Not Assess

Reply not assess words were found in much of the classroom discourse (1306
[42%]). The majority of these included the word “okay” (1028 [79%]). After Megan
suggested, “We can give ‘em two”, the teacher replied, “Okay, do you thirdkgher
enough to give everybody two cookies?” During a small group activity, Medstat

they have a turn, they could put one of the butterflies and they can have one of those
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cubes.” The teacher replied, “Okay, so if, do you guys understand or do you waat Mia t
explain it again?”

A small amount of reply not assess words included “oh” (212 [16%]). During a
whole group lesson, Megan disagreed with Aaron’s answer, explaining, “Because we
need two more” to which the teacher replied, “Oh, how did you know?” While sharing
ideas on how to keep track of the number of tiles counted, Tiara suggested, “We put them
over there.” The teacher responded, “Oh, so we could move them.”

A few teacher support words included “well” (66 [5%]). While working with
group two to identify how many creepy crawlies were in the jar, a feicsuggested a
spider. The teacher replied, “Well, if there’s a spider, how many legs do we need?
During another activity, a few students suggested there were thradritgde the
mystery bag. The teacher stated, “Well, let’s listen. Does this sound lik€tlfseund
of bag shaking).

Revoice

Some of the teacher support included revoicing student responses (677 [22%]).
The majority of revoicing was in the form of a statement in which the teamherded
what the student had said (450 [66%]). After Madison suggested Kristina’s obgect w
the longest, the teacher stated, “Okay. So Madison thinks 15 is bigger, thaiafgisti
object was the biggest.” During a small group lesson, Jacob shared his idea for

representing 22 objects.

Jacob: Umm, draw on a board.
PR: Are you going to make tally marks like on our board?
Jacob: Yeah with a marker.
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PR: Jacob's going to use an erase board to show 22.

Some of the revoicing was done in the form of a question (176 [26%]). After
Chris suggested that the five rulers would make the longest object, the teatdterSih
so you think because the ruler's the longest, it's gonna be bigger than the oth&mnobjec
matter what?” When asked to identify what students observed about spiders, Tiara
stated, “Eight legs.” The teacher stated, “Oh so you think it has eight?”

A small amount of revoicing was written on a chart or board (51 [8%]). After
Stacy suggested, “Um (pause) we can use cubes” to figure out the most popular kind of
party in the classroom, the teacher stated, “Okay so Stacy sagsgeaiia use cubes”
while writing the response on chart paper. After Steven shared his answémot *
found out with four because we need four more”, the teacher continued, “Okay so Steven
says we need four more” while adding his response to the board.

Open-Ended Questions

Teacher support in the form of open-ended questions were found in some of the
classroom discourse (561 [18%]). Some of the questions began with “how” (210 [35%]),
including this episode that occurred during a small group activity.

PR: We need to figure out which of these shapes holds the most. How

could we figure that out? What do you think, Javier?

Javier: Um | think it should be the biggest one

PR: Okay. How can you tell which is the biggest since they're all

different shapes?
During another activity, the teacher stated, “It was 20 students. So we haud&fis

everybody got two cookies, with one leftover. How could we show it with these tools?”
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During a small group activity, students worked together to identify how to show 21
students in the classroom. Jamie stated, “So you could see whose the biggest and see
whose the smallest.” The teacher stated, “Okay. Now remembepthatant to show

us guys that there’s 21. How could Jamie use his idea to show that there’s 21?”

Some questions began with “what” (178 [29%]). After identifying that there w
too many feet in the barn, Tiara suggested removing the picture of the farnger. T
teacher stated, “Oh he doesn’'t have a tail. So what would happen if we took the farmer
away?” After Madison counted out 10 cubes to represent the number of counters needed
to earn a party, the teacher asked, “What do we need to do with the 10 cubes?”

Other questions began with “why” (150 [25%]). After Aaron suggested five more
counters were needed, the teacher stated, “So you started with 6, 7, 8, 9, 10. Now why
did you start counting with six?” During another activity, the teacher askeds; @iy
do you agree?”

A few open-ended questions began with “I wonder” (23 [4%)]). After students
worked together to figure out there were three objects inside the bag, the teskelugr|
wonder why you guys thought it was just one?” During a small group lesson, the teache
introduced the problem, stating, “I want to find out how many cookies there were
altogether. | wonder what we could do?”

Review

Review represented a small portion of the teacher support (190 [6%)]), including a
review of the problem (105 [55%]). During a whole group activity, the majority of
students agreed that the problem had been solved. However Chris disagreed, stating

“Um, um this um there’s um a tail” while pointing to a picture of a chicken. Huhée
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replied, “Oh! We have too many tails? Well, how many tails are we supposed ® have
Another example occurred during a small group lesson as students suggested how to
determine which shape held the most. Javier suggested, “Um we can filrfid we

can fill all of them in with the shovel.” The teacher asked, “Now will thautelivhich

one holds the most?”, reviewing the initial question.

Some of the support included a review of previous ideas (60 [32%]). After asking
how to determine the number of eyes in the classroom, Alvin asked, “(pause) What are
we talking about?” The teacher replied, “Now Javier and Megan kinda had anhielesa w
we would put cubes in front of us and then Colby thought we might do tally marks to
double check. Do you have something different?” Alvin then suggested, “You can put it
right behind us.” While working with group one on representing the number of students
in the classroom, the teacher stated, “And | want to be able to see how maady ére
here. So like one way was with the tally marks. That was one way. How else could we
show 21? Ivan, what do you think?”

A few utterances related to review included modeling (25 [13%]). The teacher
typically reviewed an idea by modeling or demonstrating it. After Kiasshared a way
to tell who had had a turn in the classroom, the teacher continued, “Okay. Do you
understand so far? So put a card by our spot if we've had a turn. So like right now,
Kristina’s had a turn, so would we put a card there? But Mia hasn’'t had a turn, so | could
tell by looking around the carpet that she hasn’'t had a turn. So that’s a diffegent itle
While working with group one to determine which shape held the most, the following

conversation occurred:
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Tiara: Well, we can put all this--we can put half of the sand in all of them
and see which one holds the most.

PR: So if | put sand in here and put sand in here, how will | tell which
one has the most sand? (sound of pouring sand)

Megan: We can see how much sand that equals that one cup/Tiara: We
can get that one cup

Teacher As Peer

A few examples of teacher support revealed the teacher actirmmpas @05
[4%]). The following conversation occurred with group three:
PR: Okay now, the other part of our problem, how many tails are we

supposed to have?

Adriana: (pause) 1--we're supposed to have four.
Mia: 123
PR: Oh no--what can we do? We're supposed to have four tails--we

only have three! Hmm.
Another time, a student suggested counting the classroom chairs. The teadtkr repl
“Okay now sometimes when | count, | might count something more than once. How
could I make sure | don’t count something more than once? Anybody know?”

Lead Through Puzzlement

Leading students through puzzlement was another example of teacher support
found in a few utterances (103 [3%]). Aaron suggested, “If you can count just one,
maybe there’s just one in there”, referring to how many objects were thsigeystery

bag. The teacher answered, “You think there might be just one more. Well, let's liste
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(shakes sack; many cubes are heard moving around inside sack). Do you think there's one
or maybe more than one?” During a small group activity, students placed zoosanimal
a series of four cages based on spatial clues. After hearing the brigdfilla and tiger
fight if they're next to each other”, the following conversation occurred:
PR: Okay so Kristina put the gorilla and the tiger next to each other.

Do you guys agree or disagree?

Javier: Oh | agree.
Steven: | agree.
PR: You agree? Well, listen to what happened.

The tiger ate the gorilla.

Students: Oooooh-aaaaah!

PR: Ohhh, okay. What did our clue say? The tiger and the gorilla--oh
so why did you -mix ma--switch that, Kristina?

Kristina: Because the tiger would eat that.

Informal Use of Vocabulary

A few examples of teacher support included the informal use of mathulacab
(96 [3%]). The following conversation occurred while a small group identifiedhwhic
geometric shape would hold the most.
PR: What shape do you want to compare it to, Kara?
(sound of sand pouring)
Kara: Um um

PR: Okay she has the hexagon shape.
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During a whole group activity, the teacher introduced the activity bygtdto today
we're going to solve a problem. Now, | don't want you to tell me the answer hot | w
you guys to think about. We need to get to 10 teddy bears in our jar. What's a way we
could figure out how many more we need? How could we do that? What strategy could
we use?”
Tools

The use of tools was found in a few examples of classroom discourse (46 [2%)]).
Tools were typically manipulatives used to solve problems. After some students
identified Kristina’s objects as the longest, a few others disagreed. Thertasked, “Is
there any way we could find out for sure?” When no one replied, she stated, “What could
we do? Well, | just happen to have a few more things. Should I put the rest of my tools
out to get us thinking?” as she placed a tub of Unifix cubes, paper clips, and rulers on the
carpet. Another example occurred in a small group format as students edembiv
many cookies were eaten.

PR: How could we figure out how many cookies altogether? Justin,

what could we do?

Justin: Um if the green table--
PR: Okay. Why don't | put some tools out here that some of the other
groups used. I've got these with me today ... They were using

these to solve their problem. How could we use these little squares
to figure out how many total cookies we have? Javier?
Finding 7: The majority of social norms found in the classroom discourse

emphasized shared decision-making (1066 [50%]). Some of the norms were retht
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to sharing ideas (618 [29%]). A small amount of the norms referred to probhes
(308 [14%]). A few utterances reflected old norms (81 [4%]) and conflict (48 [2}p

A review of the social norms reflected in the classroom discourse emphasize
shared decision-making (1066 [50%]). Some of the utterances referred to &heasg
(618 [29%)]). Discourse related to problems was found in a small amount of talk (308
[15%]). A few utterances describing old norms (81 [4%]) and conflict (48 [2%p wer

found. Table 4.6 presents the research findings.

Table 4.6 Social Norms
Descriptor Number of utterances

SUMMARY 2121
Shared decision-making 1066
[50%)]

Ideas 618
[29%]

Problems 308
[15%)]

Old Norms 81

[4%]

Conflict 48

[2%]

Shared Decision-Making

The majority of social norms found in the discourse reflected shared-aecisio
making (1066 [50%]). Some of the utterances emphasized the group, not the teacher,
making decisions (281 [26%]). After a small group solved a problem, Justin volunteered
to draw the findings. The teacher stated, “You guys tell him, what do yauhia to
draw?” During another episode, the teacher asked, “Okay. Now how are weéayoing

count how many cookies there are? Do you guys have a plan?” After studerds share
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ideas for identifying the total number of eyes in the classroom, the teakbdy ‘&&hich
idea shall we try out?”

Other types of shared-decision making included agreements and disagreements
(251 [24%]). While ordering the animals from the lightest to the heaviest, theetea
stated, “Okay. Let's review our order. Do you guys agree? It goes moukg, duc
monkey, tiger, bear, elephant.” Another episode occurred in a whole group lesson as
students identified the odd one out. Chris stated, “I| agree with Kara—it doesn’t @ieasur
while touching a scale. At times, students shared their agreements andetrsags
with the class using a “thumbs up” gesture to agree or a “thumbs down” gesture
disagree (48). During one lesson, the class identified that there wereseighitdgether.
When asked “How many more feet do we need to come up with?” to make a set of 10,

the following dialogue occurred.

Aaron: 8, 9, 10.
PR: So how many would that be?
Kara: Two.

(ACTIVITY) Aaron shows three fingers.

PR: Aaron says we need three more feet. Do you guys agree (shows
thumb up) or disagree (thumb down)?
(ACTIVITY) Several students show thumbs down [Tiara, Kara,
Alex]; a few--thumbs up [Javier, Ivan]

Some utterances related to shared decision-making included the question “What

do you think?” (179 [17%)]). During a whole group lesson, the teacher asked, “Colby,
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what do you think?” During a small group activity, the teacher asked, “Ilvan,dehau
think we need to do?”

Teamwork was emphasized in some of the utterances related to sharemiidecisi
making (163 [15%]). While working with group four to solve a problem, the teacher
stated, “. . . Remember we’re working as a team to solve this problem. @larsf?

You need to be helping Colby. She’s your teammate.” Another time during a whole
group activity, the teacher asked students to identify how many counters wezgan t
When students did not respond, she stated, “Talk to your teammates. They'll help you
remember.”

Some of the shared-decision making included the question “What could we do?”
(74 [7%)]). After a conflict arose in the classroom as to which object wasrtbest, the
teacher asked, “What could we do to really solve this measurement mystery anidiknow
sure if Chris and Steven and Javier’s idea’s right?” During a small graupyathe
teacher stated, “I started with 10. And | know | have seven left over. What could we do
to solve this problem?”

Voting was found in some utterances related to shared-decision making (70
[7%]). In small groups, the teacher stated, “Then next week we’re goingetavet
class on which idea we want to do.” After students suggested ideas to solve a problem,
the teacher stated, “Okay, let’s take a vote. Who would like to do the cubes on the floor
in front of us like we did last time?” A few students mentioned voting in their (8as
After Kara suggested making a list of party ideas, she continued, “And um and then who
wants to vote and then you and then | um if someone if you say like who wants like a

pizza par, a pizza party, they'll raise” their hand.
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Some of the utterances related to shared decision-making was talk akimgt ma
decisions (34 [3%]). During a whole group activity, the teacher stated, “Soyo&’ve
been giving ideas and maybe answers and . . . some of you have been disageeing. N
if I disagree with an answer, does that mean | say, no that's a dumb idea?” During
another activity, the teacher shared, “Okay so if you don't agree with someeage'goid
could say ‘that's a good idea maybe we could try something different?’ So coloé&l we
kind if we disagreed?”

A few utterances related to shared decision-making involved making chbices (
[1%]). While working with group two, the teacher stated, “. . . Now if you want, you can
do it by yourself or you can work together with a partner. You decide.” Another
example took place as group one represented the number of students in the classroom.
The teacher suggested, “Whatever you think to show your number.”
Ideas

The findings indicate that some of the classroom norms reflected in the descour
referred to sharing ideas (618 [29%)]. Some of the utterances identifiedjtatkims as
student shared and discussed their ideas (127 [21%]). After a small group solved a
problem, the students were asked to draw the results. The teacher askedydiHave
figured out what you're gonna do? Talk to Aaron. What do you want himtodo...?”
After Adriana disagreed with Mia’s answer, the teacher statedAtdlana says no.
Adriana, you wanna go talk it out with her?” During the final lesson of the résearc
project, the students were asked if it was hard to solve problems. Steven refdied, “It

easy because all you have to do is just talk about it and figure it out.”
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Some of the discourse referred to showing or representing ideas (119 [19%]).
After noting that Megan had 10 green cubes stuck together and a piece of paper with a
drawing of 10 cubes, the teacher asked, “Okay Megan, show me what you’ve just done.”
After group two solved a problem, the teacher asked, “How can we show the answer to
this problem?” After groups identified ways to make sure everyone has aaurn, t
teacher stated, “Okay. So we’ve got crayons and pencils and | want you guys & dr
picture of what your idea looks like.”

Some discourse emphasized having different ideas (101 [16%)]). During a whole
group activity, the teacher asked, “Do you have a different way we could Ggtubow
many eyes we have in our classroom?” After Colby shared her idea, the reptber
“So you like Kara’s idea of using tally marks and then sitting down. Anybody have a
different idea?”

A small amount of talk referred to understanding others’ ideas (77 [12%)]). After
Mia shared her idea, the teacher asked, “Okay . . . do you guys understand or dotyou wa
Mia to explain it again?” During another activity, Michael suggestedyato solve a
problem. The teacher replied, “Aaron, you look like you don’t understand something.
Ask Michael. What do you not understand?” During a whole group activity, the teacher
suggested, “If someone is talking and you don’t understand them, maybe you could raise
a quiet hand and say, ‘Todd, | don’t know what you mean. Can you tell me itin a
different way'?” After Tiara shared that she liked Michael's ideastaaeher replied,
“So when you hear someone talking, they’re sharing their thinking. So that help them—

help us understand and make our ideas better.”
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A small amount of discourse related to building ideas was also found (76 [12%]).
After Javier shared a way to solve a problem, the teacher replied, “So Janesd ah
idea. We could put two of the cubes on. Anybody have an idea we could add to Javier's

.. ?” During a whole group activity, the teacher shared:

Adriana and Madison were at the calendar. They noticed that the number 21 was

missing so together they talked out how to come up with an idea to solve the

problem. It wasn'’t just Adriana’s idea and it wasn’t just Madison’s ideaadt w

both ideas put together.
After Kara shared an idea that hadn’t worked before, the teacher replied, “mitveoul
still take part of Kara’'s idea? Make a list of ideas and then what could we do to make
sure people all vote? Think about Kara. She started our idea. Who can stack another
idea on top of it?” After Alex shared an idea for making sure everyone has a turn in
class, Chris suggested, “Um we can use Alex's idea and you can put cubes on um [pause
names and [pause]Jwhoever doesn't have a cube on their name, they getta mave a tur

A few utterances referred to thinking about ideas (59 [10%]). When asked if it
helped to hear people share their ideas, Chris replied, “Because um so we can know how
it how you um (moves finger around in circle next to his ear) thought--how you--so
you'll know what um um idea is.” After a student shared an idea for identifyenignost
popular lunch food, the teacher shared, “Okay, so let’s think back, let’s think that
through.” After Kristina paused and did not reply when called on, the teacher stated
“Okay, I'm gonna come back to Kristina. She’s still thinking.” After Steglssagreed

with Kara’s idea, the teacher replied, “Steven, go ahead and tell us what tyonking.”
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The question “Anybody have an idea?” was found in a few utterances related to
ideas (36 [6%]). During one activity, the teacher asked, “I wonder how manywese
would have in our class if we had a party? Anybody have an idea about how we could
find out?”

Listening to others’ ideas was found in a few examples of classroom discourse
(23 [4%)]). During one whole group lesson, the teacher stated, “Well, another thing we
talked about is . . . how to show people you're listening.” When a student interrupted, the
teacher replied, “Oh I'm listening to Megan. She says put sand in hereaiidts
equals to go in here?”

Problems

Talk related to problems was found in some of the classroom discourse (308
[15%]). Some of the talk was about problem-solving (117 [38%]). During a whole
group lesson, the teacher began by stating, “Okay guys here we are. \abbk@{pr
solvers again today.” While introducing the class to the research projeetathert
stated ,“For the rest of the year, we are going to be problem solversalassnoom.”

She later explained, “Now a problem . . . is something that we don’t know how to solve
right away . . . We have to use our brains to figure out different ways to solve it.” During
the last day of research, the teacher invited students to share what thegrhed.| After
Kristina suggested, “Maybe you can solve problems in music and stuff’, therteache
replied, “So we don’t have to just solve problems at one time of the day, we can solve
them all day long.”

Some of the talk related to problems included the words “investigate/figure out”

(102 [33%)]). After students made a prediction about which geometric shape would hold
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the most, the teacher stated, “Okay so we have a prediction. Does anybody hgve a wa
we could figure out for sure that this one really holds the most?” After a groupiétkent
what was inside the mystery bag, the teacher replied, “. . . Would you like toherite t
results of our investigation?”

Other talk referred to problems being good, tricky, or exciting (51 [17%]). While
working with small groups, the teacher stated, “Yesterday, we solved a yprobigm.
We had to figure out if Mrs. Bequette had enough cookies.” After students earned 10
counters for a class party, the teacher explained, “Now here’s ourgeatlyproblem
today. Sometimes problems are extra good . . .” Another time, the teacher stitad, “O
problem solvers . . . | have probably the most exciting problem for us to solve today.”

A few utterances referred to real-life problems that occurred in theratas (28
[9%]). “Well, . . . we’'ve been talking about this problem all week because we've been
talking about insects. Now-- Jamie had an idea the other day. He wanted to write about
spider in the tall, tall grass but we weren't sure if a spider was ait orgeot. Now
some of you might think you know but | want to ask us as problem solvers, how could we

find out?” Another example took place in a small group:

PR: Kristina hasn't had a turn but we don't get a turn by throwing
things.

Javier: Oh I know what we can do--we can take turns pouring

PR: Okay, so who should go next?

Javier: Um (pause) how about like Kristina, Jamie, Steven.

PR: Okay, so hold the cube. Which shape are you gonna pour it into?
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A few utterances referred to mistakes (10 [3%]). “1, 2, 3,4, 5,6, 7, 8,9, 10. Oh
Mrs. Bequette goofed up. How many counters are in our jar?” After voting on the
students’ favorite strategy to use, the teacher stated, “6, 7. Let megaynit 4, 2, 3, 4,
5,6,7,8,9.” After Kara shared that there were six items inside the myste@diag
stated ,“Well, | was wrong because | was about to say five.”

Old Norms

Old norms were found in a few examples of classroom discourse (81 [4%]).
Much of the old norms included student praise given by the teacher (59). Afteadbe cl
identified there were 22 noses in the classroom, the teacher reg@ligdsome problem
solving today. Way to go.” When Kristina suggested, “Maybe you can solve problems
in music and stuff”, the teacher state¥ery good. So we don't have to just solve
problems at one time of the day, we can solve them all day long.”

Some of the old norms referred to ownership of ideas (8). After Tiara shared an
idea for figuring out which geometric shape held the most, Megan stated, “That's my
idea!” Aaron replied, “I came up with it” after the teacher invited another istude
locate the picture of the pig.

Other examples had to do with old expectations (6). During week one of the
research project, the following conversation occurred:

PR: | want you guys to help me think of some rules we could have in

our classroom when we meet on the carpet to solve problems.
What would be something we'd want to do if someone was
talking?

Kara: Give them the quiet signal.
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PR: Okay. So we can give them the quiet signal but they're talking.
We want them to be able to talk. So what should you be doing if
they're talking?

Aaron: Ignore them.

A few examples reveal the teacher self-correcting her speecfté¢)y a small
group had solved a problem, the teacher stated, “Well, | need your group to draw a
picture of your answer. And you know what, I'm gonna let—why don’t you guys
decide?” After Jamie suggested filling the shapes with sand, the teaphed,r“So do
you wanna—what do you want to do with that one then?”

Other times, the teacher provided too much support by inadvertently solving the
problem for the students by offering suggestions (4). After Kara suggestepitally
marks, the teacher suggested, “So we could put tally marks. Now here's something
tricky. What if by mistake Marissa comes up twice. How could we not have that
happen?” During a small group activity, the teacher stated, “We're gonnebgbd
classroom and we're going to investigate how many chairs we have in cuoahas
Now here's something tricky. How could you keep track of how many chairs we have?
What could you do, Marissa?”

Conflict

A few utterances emphasized conflict (48 [2%]). Much of the conflict-relatied t
dealt with issues of fairness (23 [47.9%]). While sharing ideas on how todaiidie a
box of cookies, Kristina suggested, “If there's not enough, you can you could pick them

up and give one.” The teacher replied, “Oh, so if there's not enough . . . we could pick
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them back up to make us fal®es that sound fair to you guys?” After Kara shared an
idea for making sure everyone gets a turn, Steven stated, “um, that wiair't’be

Friendship was referred to in a few utterances (14 [29.2%]). When asked what it
means to solve a problem, Megan stated, “ Like if somebody's bothering if somebody's
bothering uh somebody else in the classroom, um you can say guys, maybe yanguys c
be friends.” On the last day of the research, students shared what theyhed lea
throughout the project. Kristina shared, “Um if there's fighting, if two peramns
fighting, um they could —fighting and we could work together.” The teachedstd ou
have to talk it out so when we talk out problems for math, we can also talk out problems
when someone's not being our friend. And so when we solve problems does that help us
be better friends? ‘Cause everybody gets in arguments and disagrees doW¥{e¢hegn
still be friends.”

A few examples of classroom discourse referred to puzzlement (11 [22.9%]).
While trying to identify what was in the creepy crawlie jar, Chritestd'l think this one
is too hard.” During a whole group lesson, students were having difficultyrfggarit
how many objects were in the mystery bag. The teacher stated, “What ifjtd&als
like we're kinda stumped. So I'm gonna put a tool out here. | wonder if we could use
this tool to help us solve this problem?” After Kara identified that 4 + 4 = 7, Chris,
Aaron, and Steven displayed four fingers on each hand. After several secovels, Ste
leaned over and whispered, “It's eight” in Kara’s ear.

Chapter Summary

This chapter presented the seven findings revealed through an examination of

Kindergarten students’ exploratory math talk. The findings were organizediaxgto
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the initial research questions. Data drawn from whole group, small group, and
observations were shared to provide understanding of the phenomena under study. A
significant portion of the chapter utilized samples of participants’ diseourkis was

done to build confidence in the reader that every effort was taken to accuratebergpr

the participants’ perceptions through their own words.
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CHAPTER V

CONCLUSION

INTRODUCTION

The research purpose was to examine what is revealed in Kindergartensstude
exploratory math talk. In addition, classroom discourse was analyzed to provide an
understanding of the social context affecting the research. Seven concausions
included in this chapter. The conclusions will follow the research questions and the
findings, thus addressing the following areas: (1) What mathematicapisrare
present in students’ exploratory talk?, (2) What does exploratory talk sound like in
Kindergarten students?, (3) What accompanies exploratory talk?, (4) When dosstudent
engage in exploratory talk?, (5) In what ways are students supported in dkieitatk?,
and (6) How are social norms reflected in math conversations? As the nature of
gualitative research is to promote understanding, the final three reseastiongiare
interwoven into one conclusion to provide a more holistic view of the phenomena.
Additionally, supporting vignettes from the research will be shared altthgesearch
and theory to draw the reader into the inductive process. A summary of the conclusions
will be provided followed by recommendations and a final reflection. As araéthic
researcher, | acknowledge that these conclusions are my best interpsetati

What Mathematical Concepts Are Present?

An examination of the findings indicates that the majority of the mathecetatk

175



emphasized number and operations. Number was also found in the participants’
problem-solving ideas. Other concepts were identified to a much smaller, extent
including measurement, data analysis, geometry, and algebra. Explaatogldted to
number and operations had the largest number of errors.

There are two primary conclusions that can be drawn from this finding. Rest, t
mathematical concepts found in students’ exploratory math talk included, tea lar
extent, number and operations. Other concepts such as measurement, data analysis,
geometry and algebra were found to a lesser degree. As students shared expiatatory
talk, their mathematical thinking was revealed which included errors, mistzaaeéings,
and misperceptions. As a teacher, these insights can guide the type bésctind
lessons offered to support their mathematical growth. Additionally, a secordsionc
can be drawn that indicates students generally rely onuhéearstanding of number to
solve problems. This conclusion is supported by the research findings, namehe (1) t
majority of exploratory math talk was about number; (2) participants shaoklipr
solving strategies related to number; (3) more errors were found in érpjasak
related to number and operations; and (4) some students utilized their understanding of
number to solve problems related to other mathematical concepts. Each oféhsse ar
will be addressed in the next section.

The Majority of Exploratory Math Talk Was About Number

The findings indicate that the majority of exploratory math talk was cetate
number concepts, including object counting, verbal counting, adding and taking away,
and number comparison. As students discussed and solved problems with their peers,

much of their exploratory talk included counting, number comparisons, and other
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discourse related to number. One might conclude, based on this finding, that students
rely on their understanding of number to solve problems. NCTM (2000) finds that young
children’s earliest reasonings are about number situations. Their irsseatations
typically include numbers. Children’s development of number begins during infancy and
is supported by their early experiences (Clements, 2004). Baroody (2004thabtes
much of a child’s daily life revolves around number. As children engage in aalriet
everyday activities that involve number, they are developing “a consideralyl@bod
informal knowledge” (Baroody & Wilkins, 1999, p. 49). Siegler (1996) finds that these
early understandings of number are often utilized to solve problems, much of which is
not taught in the formal sense. This is not surprising according to Piagetsictwist
theory because children construct an understanding of number internally through their
interactions with the environment. Kamii (2000a) writes:
From a Piagetian perspective . . . it is clear that since the source of logico
mathematical knowledge is inside the child, children can be expected taicbnstr
number concepts and invent arithmetic through constructive abstraction.
Historically, our ancestors invented arithmetic to solve practical prebemeh as
keeping track of sheep and figuring out when to plant seeds. Therefore, young
children, too, can be expected to invent arithmetic out of everyday living (p. 66).
As young children construct an understanding of number, they are able to invend ways
solve problems. Vignette 1 describes the exploratory math talk of a studentiizled ut

his everyday knowledge to informally solve a difficult problem using number.
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Vignette 1: How Many Cookies?

Twenty Kindergarten students worked together to identify the number of cookies
each student would receive while enjoying a special snack. The students deténiatine
each student could have two cookies with one leftover for the teacher. The next day,
while working with small groups, the teacher posed the question, “I wonder how many
cookies were eaten?”

After several students shared ideas for solving the problem, Chris raigethtis
sharing his answer of “Forty-one.” After students worked together to solvedibienpr
Chris was asked to explain how he found the answer. He announced, “I counted to 20
and then and then | counted to 20 again and then | counted one and then (pause) | came
up. And yesterday | counted to 20 and counted to 20 and that makes 40 and | counted
one more and added up to make 41.”

What | Learned

Enjoying a snack together is an everyday activity in many early childhood
classrooms. Young children typically count the number of snack items theyerecei
(NCTM, 2000). The teacher builds on this natural curiosity, asking them to solve a
complex problem from everyday life in the classroom. No one had formally taugit Chr
to determine the answer by counting. He invented a mental counting strategpgutil
his informal knowledge of counting to solve a complex problem.

Participants Shared Problem-Solving Strateqgies Related to Number

Additionally, many participants shared problem-solving strategies that we
related to number, with the majority of participants referring to object icaumt their

talk. This finding supports the conclusion that students may rely on their understanding
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of number to solve problems. Schifter (2005) writes that “individuals necessarily
approach novel situations by interpreting them in the light of their own eidblis
structures of understanding” (p. 85). Kindergarten students have had varied opportunities
to construct an understanding of number. One might speculate that students would utilize
this knowledge when asked to solve problems. In particular, many of themsuggjest
ways that are connected to one of the big ideas of mathematics, namely counting
(Baroody, 2004b).

Research suggests that counting is the foundation for children’s early number
development (NCTM, 2000). “Young children are motivated to count everything from
the treats they eat to the stairs they climb, and through their repeateiémcgerith the
counting process, they learn many fundamental number concepts” (p. 79). Counting
objects involves identifying how many items are in a group (Clements, 2004). Baroody
(2004b) suggests that object-counting is based on the principle of cardinality.
Cardinality refers to the understanding that the last number stated when cobygctg
identifies the number of objects. Vignette 2 illustrates how Kindergaueerss shared
problem-solving strategies that drew on the big idea of object counting.

Vignette 2: Let's Count. ..

In preparation for an upcoming Valentine’s day party, students were asked what

they could do to make sure there were enough chairs for everyone who attended. The

following dialogue portrays students’ problem-solving strategies involvirgcbbj

counting.
Megan: | can count how much people are in the classroom.
Madison: We can go down and count the names.
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Kara: You could count the artwork that we have.

What | Learned

The teacher related the problem to a real classroom situation, usingstudent
excitement about an upcoming party to fuel their investigations. While studemistar
demonstrating the concept, they recognize that counting objects could solve theproble
All three students connected counting with the number of chairs needed. Thissuggest
an understanding of cardinality as Megan, Madison, and Kara recognized that the number
identified should equal the number of chairs needed.

The Majority of Errors Were Found In Number-Related Exploratory Matk T

The findings indicate that the majority of errors found in students’ explgrat
math talk were related to number, including adding and taking away as weleas obj
counting. One might conclude that when young children draw on their early number
sense to solve problems, errors may result. “Undeveloped ideas and misomscagtia
normal part of the child’s evolving understanding” (Richardson, 2004, p. 323). Kamii
(1982) suggests that when students make errors, it is often “ because they ateeursing
intelligence in their own way” (p. 41). She continues that a teacher’s role cawtéct
the child but to determine how the error was made. Fosnot and Perry (2005) agree,
concluding that errors “need to be conceived as a result of learnereptions, and
therefore not minimized or avoided” (p. 34).

Many of the errors found in students’ exploratory math talk were relatadiing
and taking away. Kamii (2000a) writes that addition is “the mental action dfinog
two wholes to create a higher-order whole in which the two previous wholes become two

parts” (p. 67). She concludes that part-whole relationship can be difficult for young
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children as they may have difficulty “thinking about the whole and the parts atrtiee s
time” (p. 11). When students add numbers, they must put two wholes together to create a
new whole. The previous wholes then become two parts (Kamii, 2000b). The research
suggests that participants had difficulty with counting on. Kamii (2000a) maintains t
counting on can be difficult for young children because of difficulty with part-whole
relationships. She concludes that counting on should not be formally taught as students
will construct the understanding on their own. Rather, opportunities should be given that
encourage students “to think flexibly about numbers and construct a network of
numerical relationships ( p. 69).

Some of the errors were related to object counting. Piaget (1965) found that
number requires an understanding of two relationships, namely order and hiekarchica
inclusion. Order refers to the understanding that objects must be placed in an order,
either literally or mentally, so that an object is not overlooked or counted more than once
(Kamii, 1982). Hierarchical inclusion refers to an understanding that withino set
objects, oneis part oftwo, two is part ofthreg and so forth. While counting 10 objects,
children without this understanding will typically point to the tenth object when asked,
“Show me 10.” Vignette 3 details two examples of errors found in the exploratdry mat
talk related to number.

Vignette 3: Number Concept Errors

Students worked together to identify how many more counters were needed to
make a set of 10 when beginning with seven. After students had an opportunity to work
with a partner to determine the answer, students met together to sharesthesr r

Steven: Um, | found out with four because we need four more.
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PR: Okay so Steven says we need four more. Steven, how did you come up
with that number?
Steven: '‘Cause | counted with my fingers (shows fingers, one at a ti)&), 2,0.
Another day, Justin counted a set of 10 objects, stating “1, 2, 3,4, 5,6, 7, 8, 9, 10,
11"

What | Learned

The problem was related to the context of the classroom as students had earned
seven counters. They needed 10 counters to have a classroom party. Rather than tell the
students how many more counters were needed, the teacher posed the problem to the
class. One possible explanation for Steven’s error is that he had not constnucted a
understanding of part-whole relationships necessary for counting on (R&@ib).

Justin’s counting error suggests that he has not constructed an understandingas order
he counted one object twice (Kamii, 1982).

Students Used Number To Solve Problems Related to Other Mathematical Concepts

The findings reveal that number was also found in the students’ exploratory math
talk related to other mathematical concepts. This suggests that studgrdr’ treeir
understanding of number as they solve problems, even problems related to other
mathematical concepts. Number is traditionally viewed as the “casnef/sfNCTM,

2000, p. 32) of mathematics. As students develop a deep understanding of counting,
numbers, and computation, they are able to apply these to other mathematical concepts
such as measurement, geometry, and data analysis. Vignette 4 dtubtratthree

students used their understanding of number to solve a measurement-related problem.

Vignette 4: Feed the Zoo Animals
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A measurement task was given to a small group of students. They werecasked t
order a series of animal picture cards from the lightest to the heaviespayethe

animals for feeding. The following conversation occurred as students worked together

Todd: The the mouse weighs um like one pound

Aaron: And the monkey and duck weigh like three pounds
Chris: No the monkey is like six pounds

Todd: Ooh

Chris: Tiger is like 10 pounds.

Todd: Tiger is not 10 pounds it weighs more!

Chris: | think the tiger weighs like 20 pounds.

What | Learned
Each of the animal cards were the same size. Students had to draw on their prior

knowledge as they ordered the animals from lightest to heaviest. Students were not
instructed to use number to order the animals. This group created their owrystrateg
drawing on their understanding of number to place the animals in sequential order.

At times, students’ use of number to solve problems related to other mathematical
concepts led to errors as Vignette 5 illustrates.

Vignette 5: Measurement Mystery

One afternoon, students were presented wilteasurement Mystery:

Max, Kristina, and Javier were measuring objects in the classroom. These are

their results:

Max’s object = 5 rulers
Javier’s object = 10 large paper clips
Kristina’s object= 15 Unifix cubes
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When asked which object was the longest, Madison suggested that Kristina’s object was
explaining “Um it—because Javier had 10 and Kristina’s was bigger than that—she had
more.”

What | Learned

It would seem that Madison used what she knew about number to make a
prediction. However, her centration on the quantity of objects caused her to have an error
as she did not take into consideration the size of the objects. Kara made the same error
stating “Uh | think she's right.” Later on in the lesson, she corrected hafiegponse,
recognizing that five rulers placed in a line would be longer than 15 Unifix cubes.

What Does Exploratory Talk Sound Like In Kindergarten Students? (Part Ore)

The findings indicate that the overwhelming majority of participants hagtbpe
disfluencies in their exploratory talk. These included “um”, pauses, abbrevjations
repetition, “like”, “uh” as well as false starts and overlapping speech. Ausoo that
can be drawn from this finding is that when students engage in exploratory talk,ehey ar
forming ideas while talking, resulting in utterances that are not welukated. Barnes
(1992) referred to this type of speech as similar to the first stage of writing
“Exploratory talk is hesitant and incomplete because it enables the spealerub tr
ideas, to hear how they sound, to see what others make of them, to arrange information
and ideas into different patterns” (Barnes, 2008, p. 5). Cazden (2001) suggests that such
talk indicates “cognitive load” (p. 170) as students struggle to think out loud. She
continues that through exploratory talk, students’ explanations can become more
complete as they interact with peers and the teacher. Vignette 6 deaqudréisipant’s

exploratory talk, ripe with speech disfluencies, that becomes clearer edtated.
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Vignette 6: Speech Disfluencies

During a whole group activity, students shared strategies for deterrhimng

many cookies were eaten the day before.

Madison:

PR:

Megan:
PR:

Madison:

Uum we can um see um that um how many cookies that were in the box
and if we and iihh if we just forgot if we just forgot how to, we could

take them out and then put them on the plate and then if um if that's
enough and when you tell us to stop, that means that's how many
cookies there was.

Okay. So did you understand what Madison said? Does

someone want to ask her a question? Megan?

Um what did you say?

Can you say it in a different way?

Um | said we could put them by groups um down and then

um um when you tell us to stop, we could stop and figure out how many
we have.

What | Learned

Madison’s exploratory talk is full of speech disfluencies, including “um” and

repetition, making her idea difficult to understand. The teacher, rather thag aski

Madison to repeat her idea, engaged the class in determining if they understood her

response. While her second response still has a few speech disfluencies, she seems

have a better understanding of her idea and is able to articulate it more clearly

What Does Exploratory Talk Sound Like In Kindergarten Students? (Part Two)
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The study’s third major finding was that all participants shared ideagjtntbeir
exploratory talk. Many offered statements for joint consideration, clgaiteathers’
ideas, shared hypotheses, made requests for clarity, and had joint agreenemtsalk.
Some students used evidence to support their thinking, drew conclusions, provided
alternate theories, and made revisions in their thinking.

One conclusion that can be drawn is that exploratory talk sounds like students
exchanging ideas. Through these exchanges, students are sharing theatipessthat
may be challenged by others. This can lead to an ongoing refinement ofPokeget
(1950) found that when students exchange ideas with their peers, their logic map.deve
Young children are typically egocentric, meaning they think from one point ofview
namely their own. However, as students share ideas with one other, they must take
others’ perspectives into account in order to make their own idea understood. Perret-
Clermont (1980) and Doise-Mugny (1984) found that when students have opportunities
to agree, disagree, and convince each other, they demonstrated higher-level.thinking
While peers are not a source of logico-mathematical knowledge, studgntesaramine
their own thinking as a result of confrontation with others’ points of view (Bell, @ngss
& Perret-Clermont, 1985).

In applying these theories to this study’s research findings, a view of axuior
talk is revealed that is cyclical in nature. A student begins by shemirdga, offering a
statement for joint consideration, or suggesting a hypothesis. Peers magadhenge
the idea, agree or disagree, or ask for clarity. The student may, a# afrdse
interaction, clarify the original idea. Evidence may be offered in suppdreadiéa or

the student may defend the idea, challenging the peers’ opposition. The drakgue
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continue, moving back and forth as ideas are offered, built upon, challenged, or
supported. This may result in a student drawing conclusions, making revisions in
thinking, or offering alternate theories—all of which may impact future exclsaree
teacher may enter into the dialogue at any point while being cognizant of thdiilgequa
of power so as not to override or stifle student responses (Barnes, 1982). Figure 5.1
provides an overview of the exploratory talk cycle that | derived throughssmalythe

discourse as illustrated in Vignette 7.

Student shares:

e idea
e suggestion
hypothesis

Which may h Peers may:
lead to: Tea(t: er f[nay e challenge
* drawing diaelcr)lgirel'nrr?ust ° agree
conclusions -
e revisions in bl be cognizant of ) Sgrizor
o imbalance of y
thinking
power

e new theories

\

Student may:
e clarify idea
e use evidence
to support
thinking
re-challenge

Figure 5.1 Exploratory Talk Cycle
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Vignette 7: Exploratory Talk Cycle

While working in a small group, students were shown five geometric shapes and

asked to figure out which shape would hold the most. The following conversation began:

Javier:

PR:

Javier:

PR:

Kristina:

Javier:

Kristina:

Javier:

Kristina:

PR:

Jamie:

Um | think it should be the biggest one

Okay. How can you tell which is the biggest since they're all differe
shapes?

This one

So Javier predicts the cube is the biggest. Do you guys agree mrafisag
Is the cube gonna hold the most?

Kristina says she disagrees. Why do you disagree?

‘Cause this one it's like longer and taller

No this one

They're both the same size

No, mine's longer.

No, | think these ones are the same size

She wants those to hold more

Because this one has-is so long um its long and even cans are.

Okay so it's kind of like the shape of a can? Well, | hear somegrguin
you guys aren't real sure. How could we figure out which one holds the
most?

| brought a tool that we could use. Anybody have an idea for how we
could use our tool? Jamie, what do you think we could do?

We could um (pause) see which one holds the mostest with the sand.

188



A short while later, the students took turns pouring sand into the various containers.

PR: Okay. Now is it full?
Javier: Yes!
PR: If we think the cube holds more sand than this--um rectangular prism,

what will happen? Javier, what do you think will happen when we
pour the sand into here?

Javier: Like sand will be um ca-there's more sand in there ‘cause this loge is t
size of that one. 1 think there--they should hold the same size.

PR: Okay . .. Let's find out.

(sound of sand pouring into container)

PR: What do we notice?

Which one held the most sand?

Javier: This one

PR: Why does the cube hold the most sand, Javier?

Javier: There wasn't there wasn't en- ‘cause all of it didntt there!

PR: Oh there's still some left?/Javier: Yes ‘cause it wasnsatime--1 thought

it was. But it wasn't.

What | Learned

Javier began the exploratory talk cycle by sharing a hypothesestin&ri
challenged Javier’s idea, suggesting hers was “longer and taller.’r Bagan to defend
his idea but ended up modifying his original stance that the cube held the masj, stati
“They're both the same size.” Kristina again challenged Javier’s idea. deféaded

his response, sharing what he believes Kristina’s perspective is whetelse'Stee
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wants those to hold more.” Kristina defended her answer, using evidence based on prior
knowledge when she relates the shape of her object to a can. A shift in the dialogue is
viewed when Jamie introduced a new line of thinking, suggesting that sand lukiplace
each object to determine which object holds the most. Later on, Javier agaid affere
hypotheses, believing that the two shapes would hold the same amount. After his
hypotheses is tested, Javier revised his thinking, concluding, “Yes ‘causnit tha

same--1 thought it was. But it wasn't.”

What Accompanies Exploratory Talk?

The majority of participants used hand movements as they shared exploratory
talk. These included gestures such as pointing to objects and dramatizatiorobf part
their speech. Some participants used their fingers as they solved problems.
Gestures

One conclusion that can be drawn from this finding is that gestures may lye a wa
that students fill in the gaps between their mathematical ability and izetical. The
students in this study used gestures to add meaning to their math talk. Schwartz and
Brown (1995) found that young children in particular have difficulty explaining thei
mathematical thinking. Gestures are one way people communicate idegd (R@O0).
They can be defined as a type of non-verbal communication made with our hands
(Goldin-Meadow, 2003). Gestures are typically different from other fofrhand
movements in that they are constructed at the moment of speaking. Goldin-Meadow
suggests that gestures can reflect thoughts which are not alwaysdetneatigh words
as described in Vignette 8.

Vignette 8: Exploratory Talk Gestures
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One day, students were asked to share ideas to determine what kind of classroom
party they should have. Megan suggested, “We um we can grab a piece of—a square
paper and write down our favorite food” as she moved her finger across thie carpe
While solving theMeasurement MysteryMadison suggested “Um we um can put out
some cubes (points to cubes) next to that” as she pointed to a ruler.

What | Learned

The first example, according to Goldin-Meadow (2003), represents an iconic
gesture, meaning it bears a close relationship to the context of speech. $/@djang
about writing down favorite foods as she moves her finger across the carpet tentepres
writing. Madison’s use of pointing is a deictic gesture in which the speaker poants t
real object, namely a cube and a ruler (Goldin-Meadow, 2003). This adds meaning to her
speech, allowing others to have a better understanding of her matlatidatc

Use of Fingers To Solve Problems

Another conclusion that can be drawn is that students utilize their fingers as a
representation of their mathematical thinking. Kamii (2000a) found that stymtefds
fingers over counters. She writes “fingers are symbols used in the senhagofg”

(p- 29). Piaget (Kamii, 2000a) distinguished between signs and symbols. Signs are
considered a type of social knowledge and cannot be constructed by the chlablSy
however, represent the child’s thinking and are invented by the child. Vignette 9
illustrates a student’s use of fingers to solve a problem.
Vignette 9: Use of Fingers To Solve Problems
During a math activity, students worked at tables to determine how many more

counters were needed to make a set of 10 when beginning with seven. Following the

191



activity, students would bring their findings to the class for consensus. As thetstude

worked, the teacher visited with individuals and partnerships. Students were provided

with access to counters and paper. The following conversation occurred:

PR: Okay . . . have you figured out how many more counters we need for our
party?

(ACTIVITY) Javier nods head.

PR: Show me that answer.
Javier: Ten more.
PR: Do we need 10 more?

(ACTIVITY) Javier looks down then shows three fingers.
Javier Three! Yeah three!
PR: Okay, show me how you came to that answer.

What | Learned

Javier originally gave an incorrect response (10). When the teaclaeddsis
answer, he employed his fingers as a tool for thought, showing three fingensasHe
then able to voice the correct response, “Three.”

When Do Students Engage In Exploratory Talk?

The remaining three findings were drawn together for the final conclusipart,A
they seemed to offer only a simplistic view of the study similar to piecapoztzle.
Together, they portray a more complete understanding of the phenomena. A sufmmary o
each finding is provided as well as concluding remarks and supporting estégahich

will result in a final conclusion for this research study.

Fifth Finding
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The students in this study shared many examples of exploratory talk in both large
and small groups. The observational data revealed exploratory talk duringssr®om
day, including calendar, math table activities, snack preparation, and aneleisisg.

Based on these findings, one might conclude that young children engage interplora

talk when they have opportunities to share and exchange ideas with their peees and th
teacher. Throughout the study, students were given opportunities to operate t@gether a
they exchanged viewpoints, disagreed, and negotiated. Mercer (1995) writdsetieat

is no evidence from research to show that anyone is incapable of exploratory tatk. Wha
is more, there is no reason to assume that the basic principles of explor&targ tlen

to children” (p. 108). However, Mercer continues that students do not necessarily know
how to engage in quality talk on their own. They need guidance on how to use talk,
namely through the support of a teacher.

Sixth Finding

The sixth finding revealed that much of the teacher support was the use of reply
not assess words. Some of the teacher support included the revoice of students’
responses and the use of open-ended questions. A small amount of teacher support
included review, the teacher acting as a peer, leading students through thieimput,
informal use of math vocabulary, and the use of tools to support thinking.

One might conclude that students were supported in their math talk by the teacher
who guided the conversations by playing an active role in the inquiry process. As an
inquiry guide, she was responsive to the students’ talk, as she stepped in and out of the
dialogue in an attempt to elicit their thinking. During whole group activitiesetwher

was able to model components of quality talk, drawing out students’ thinking while being
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respectful of their ideas. These support systems were in place, to alkrgsey, during
small group activities as well. Barnes (2008) maintains that how teaespond to
students’ contributions is crucial to how children confront a learning task and elymat
what they learn. “It is by the way that a teacher responds to what a pupil oftdre thra
she validates—or indeed fails to validate—that pupil’s attempts to join in the thinking”
(p- 8). In exploratory talk, students are sharing their thinking out loud which can be a
daunting task even for adult learners.

Seventh Finding

The last finding was that the majority of social norms found in the classroom
discourse emphasized shared decision-making. Some of the discourse wddaelat
ideas, including building upon others’ ideas. A small amount referred to problems,
specifically solving problems as a group. A few utterances reflected attsvanich
demonstrated the process of change in the classroom as the students anditeacher a
learned to talk and interact in new ways. Others were related to cdvdlictinternal
and external, in which students used talk to puzzle through.

After an examination of the seventh finding, one might conclude that the social
norms reflected in math conversations emphasized collaboration betweerclties el
the students. This was evidenced through the majority of utterances reveaky shar
decision-making. Additionally, students learned to build upon others’ ideas. Talking,
listening, and thinking norms changed as students and the teacher alike learneadlko use
as not only a means of communication but as a way to think out loud together. Problems
became something worth having. Students learned to work together through their words

and actions as they strategized and solved problems. Conflicts were negstiated a
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students shared in the decision-making process. Creating a collabolegsreom
environment takes time as evidenced by the old norms present in some of the talk.
However, change was underway as evidenced by the new social norms foundplesxam
of student talk such as when Chris suggested, “Um we can use Alex's idea and you can
put cubes on um [pause] hames and [pause]whoever doesn't have a cube on their name,
they getta have a turn.” Barnes (1992) writes “So teacher and pupils joiting setthe

social context or communication system, and it is this which will shape theafinge
language strategies used by pupils as they grapple with learning {asg3).(

Final Conclusion

Based on the three research findings, one conclusion that can be drawn is that
young children engage in exploratory math talk when they have opportunities to
exchange ideas with their peers and the teacher in a collaborative classvoramneent
with a teacher who acts as an inquiry guide. This process can take timeéesdssand
the teacher construct new social norms for interacting in the classro@uchiman
environment, the teacher is no longer the beacon of knowledge. Rather, students are
viewed as members of a mathematical society. Talking, listening, andeefng ideas
becomes the norm. Problems are something to be desired in such a community of
learners. The end result is one of a caring community where students andhbe teac
alike can think out loud together about mathematics as depicted in Vignette 10.

Vignette 10: Teacher As Inquiry Guide In A Collaborative Classroom Enwionment

The following excerpts are drawn from whole group lesson six. Dialogue will be
shared along with a discussion of the teacher support and social norms evgiedet

the reader’s understanding.
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Excerpt

PR: Now, | wonder if there's any
way | could figure out how many
things are in my sack without

opening the sack?

PR: Do you have an idea Todd?

Todd: Um (pause)

PR: | know there's something in here
(shakes bag) and | know I have
four cubes (places cubes).
slightly apart on the carpet).

How could I figure out
how many things are in my sack?

Todd: Mhhmm

PR: Hmmm, is that tricky?

Todd: Yeah!

PR: Yeah. Pretty/Todd: Four!

PR: Tricky. You think there might be

four?
(ACTIVITY) Student [Todd] nods head.

PR:

Okay. Why do you think four?

196

Discussion

The teacher poses an open-ended

guestion, asking students to share

strategies. If the question had been

closed (i.e., How many things are in
my sack?), the line of inquiry would
stop after the correct response was
given.

The teacher asks for ideas from the
students, indicating that the students’
ideas are worthwhile.

Todd begins an idea using a
speech disfluency.

After giving Todd time to respond,
the teacher supports his thinking
by reviewing the problem.

Again, Todd replies with a speech
disfluency, suggesting that he is
thinking about the question.

The teacher acts as a peer by
suggesting the problem is tricky.

While Todd does not respond to the
actual question and instead shares a
quantity, he is sharing his thinking.

The teacher revoices his response.

The teacher responds to Todd’s
answer but does not evaluate it. She
asks for further elaboration through



the use of an open-ended

guestion.
Todd: (pause)
Kristina: (points to counters on floor) Kristina supports Todd’s response
‘Cause there's four. as she builds on his answer.

Later on in the lesson, Alvin indicates he

has an idea.

Alvin: Ohhhh, I think | know! Alvin shares his enthusiasm for
problem-solving.

PR: Alvin, what could | do? Again, the teacher reinforces the idea
that students are capable of solving
problems when she asks for
Alvin’s input.

Alvin: | forgot.

PR: You forgot? Okay Alvin's gonna  The teacher supports Alvin by

think some more. What if, okay, providing him with think time.

it looks like we're kinda stumped.  She is responsive to the needs of

So I'm gonna put a tool out here. the students, noting that students

I wonder if we could use this tool  seem puzzled by the problem.

to help us solve this problem? She provides a manipulative to aid
them in their thinking.

Madison: Um, you can put um in front you Madison shares an example

can count um how many's in of exploratory talk that is full
there how many's in there you of speech disfluencies.
gotta put um you gotta put some
in there and count how many's down.
PR Okay, so | think what Madison's The teacher responds and attempts

saying is we need to put some out? to revoice Madison’s idea,
(points to cubes in center of carpet). checking for confirmation.

(ACTIVITY) Madison nods head.

PR:

Now who could add to Madison's  The teacher asks for help adding

idea? How many do we need to to Madison’s idea. This suggests

put out? that students work together on
ideas collaboratively.
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Megan:

PR:

Um, we can um add more cubes to Megan builds on the previous ideas
um the to those cubes (points to as she shares an example of

four cubes in middle of carpet) exploratory talk.

and um then you can add um more

cubes and you make um that

those cubes um to 10.

Okay. So Megan has one idea. The teacher replies and revoices
She says that we can add cubes Megan's idea. She suggests that
points to four cubes laid in arow  there can be more than one idea,
on carpet) to make 10 and see emphasizing collaboration.

how many cubes we

would have?

After the class assisted Megan in counting out 10
cubes, the conversation continued:

PR:

Kara:

PR:

Kara:

PR:

Kara:

Okay, so we've got 10 cubes. The teacher asks the students
Huh, did we figure it out? to determine if they've solved
Did we solve it? the problem, rather than

Who says no? telling them.

What do we need to do with
the 10 cubes?

(pause)

We know Mrs. Bequette had four = The teacher again supports and

left over. How could we figure leads students through their
out how many's in my sack? puzzlement by reviewing the
problem.

(points to each of the cubes) Um Kara begins a response.

What were you doing? | saw you The teacher utilizes an open-
doing something? ended question to draw out
Kara’s thinking.

| counted the four and um there's Kara shares an example of
six right there. exploratory talk, revealing
her mathematical
thinking.

After Kara suggests there are six objects in the
sack, the class is involved in shared decision-

making.
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PR: Okay. Now what do you Rather than evaluating Kara’s

guys think? Do you agree with response, the class is given an
Kara or do you disagree? opportunity to agree or disagree.
SUMMARY

The primary purpose of this research study was to identify what was ckueale
Kindergarten students’ exploratory math talk. | sought to understand what mathémat
knowledge was present in their talk. This required that | also examine thecemtext
affecting the research. After analysis of the findings, seven concluserssuggested.
However, synthesis is necessary to gain a more complete understainaimeas
transpired.

A central research finding and conclusion was that the majority of explprator
talk was related to mathematics, specifically to number and operations. Other
mathematical concepts were found to a lesser degree. As students shared thei
mathematical thinking through their words and actions, 1, along with the reader, wa
given a glimpse into their mathematical minds that standard assessrnghitaoh
reveal. However, this conclusion was situated within a more dynamic phenomena.

What was uncovered suggested that students were exchanging ideas wsth other
struggling to form their thoughts while speaking. These articulations wéoeildito
understand at times and were often accompanied by gestures and thengsaf flOne
might conclude that these students were decentering as they attemptée thema
perspective understood by others. As their ideas were exchanged and chalenged, t
students’ own thinking was modified, reflecting a deeper understanding of th@ptonce

Supporting these exchanges was an evolving collaborative environment as

evidenced by the social norms. This may lead one to conclude that the students and the
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teacher were on a journey of change—of putting into place constructivist themtlge

real world of the classroom. Old behaviorist norms had to be overturned and were still
found in some of the discourse. As the teacher and the students struggled with
transformation, an emergence began—one that revealed the interplayrbstivemts’
individual mathematical development intertwined with the social agiwfimathematics.
Supporting this emergence was the framework of exploratory talk whatblesl the

teacher to provide opportunities for students to exchange ideas, challenge, and modify
their existing thinking. Exploratory talk promoted the construction of a collaberat
discourse community ripe with mathematical learning.

RECOMMENDATIONS

Recommendations are offered based on the findings and conclusions of this study.
The recommendations that follow are for: (a) early childhood educators,¢bgtea
educators, (c) curriculum developers, (d) school districts, and (e) for fugdearch.

Recommendations for Early Childhood Educators

For years, early childhood educators have been the recipients of heseach of
which has been conducted by those outside of the classroom. This has resulted in a
strong theory base on appropriate practices for young children. Howevauyrdrd c
educational arena portrays a dichotomy between what young chilainemdshould
learn (Bredekamp, 2004). Inappropriate curriculum and teaching strategoesraye
forced down into the younger grades disguised as rigor and accountabiltiygnizeng
that young children are capable learners able to construct their own understahdseys

with a passion for early childhood education must carry the torch, engagingiothers
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dialogue about what is an appropriate learning environment for the youegyestr|
One such way is through the dissemination of teacher research.

When teachers engage in inquiry into their own teaching practices in a atystem
way, growth is twofold. One, teacher empowerment becomes something notygiven b
others, but rather an actualization of the power we hold as educators and what we do with
this power for our youngest charges. When we simply implement without thought,
without theory, without question, we not only discredit years of research bt aside
our own intuitive beliefs about how young children learn. Two, educators can add to the
theory base on teaching and learning. | encourage and challenge teastegy®otdaside
of their comfort zone, to ponder and ask, why am | teaching this? Does this eorrelat
with what | know to be honest and true about my students? How can |, as a professional,
change what | do for the betterment of those | teach? Through teacecheseal
reform can begin where it is needed most—in the classroom. As we work to understand
our students’ understandings, we ultimately learn about ourselves. Through
dissemination of these understandings, much needed conversations about learning can
result.

Additionally, early childhood educators should recognize the centrality of mumbe
for mathematics instruction. Students need a strong foundation in number and
operations. These understandings will support the development of other mathematical
concepts, including geometry, measurement, data analysis, and algebra. Wh#e isum
not directly teachable, the classroom environment can be set up to foster aatibd's
mathematical development. One such way is through the exchange of mathematica

ideas with peers. Research indicates that this can be difficult to do with gloilorgn.
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However, exploratory talk provides a framework for putting reform into action. As
students share explanations, work through problems together, build upon and challenge
ideas, they are hearing the reasoning of others. This can lead students to rethink and
modify their own ideas that reflect a better understanding than they had. Additionall
when children are provided with opportunities to share, disagree, and negotiate, they
learn to search within as they invent ways to solve mathematical problem<shathe

rely on external sources such as the teacher.

A collaborative classroom environment is not a quiet place. Rather, students are
given opportunities to exchange ideas throughout the day which can result in a loud,
boisterous room filled with energy, excitement, and a passion for learning edblyit
both the students and the teacher. Through this project, | have learned to listen to my
students, drawing out their thinking through the use of open-ended questions and
revoicing and responding rather than evaluating their answers. | had to leateno li
through my students’ speech disfluencies for the emerging ideas and be@ecdid
their use of gesture as they shared their thinking.

Creating a constructivist mathematical classroom takes time. Stwadehthe
teacher alike have past experiences with schooling. These perceptions areibtought
the classroom and significantly affect the learning that occurs. Beaware of the
social norms in your classroom. Think about the words you use, how you respond when
a child shares a wrong answer or maybe hears a different question thalowhaicegd.

Be cognizant of the learning theory that underlies what you say and do. Changing
classroom norms does not happen overnight. It requires honesty on the part of the

educator in confronting the inconsistencies that exist between what we knowfa bes
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children and our actual practices. However, it is worth the effort as ssumlahthe
teacher learn to think out loud and reason together mathematically.

Recommendations for Teacher Educators

| propose that teacher research is a primary means of reform and can do much to
lessen the gap between theory and practice in education. It can be viewed not as
something done in addition to teaching, but rather as a powerful component of teaching
and learning. Opportunities to question one’s own practice and engage in systemati
inquiry can be provided throughout a teacher’s educational career beginning at the
preservice stage. Teacher educators can play a pivotal role in the proceg®agdhge
in their own teacher research studies and support research conducted by both novice and
experienced teachers. One such way is through the establishment of teacher inquir
communities (Cochran-Smith & Lytle, 1993).

Teacher inquiry communities are forums within schools, districts, and
communities that provide opportunities for educators to inquire into their own practices
with the help of knowledgeable others. Teacher research can be a daunting task as
teachers are already overwhelmed with the multitude of roles they play oy batad.
However, | believe that many teachers recognize that standardizeddess currently
drive teaching and learning, limiting our role as little more than the givathefs’
knowledge. Through teacher inquiry communities, teachers can become agents of
change for their schools, blurring the lines between teachers and reseddoeators at
all levels can learn to work together to reinterpret how learning and tgaai@viewed
and implemented in the classroom. “When teachers redefine their own relgisotashi

knowledge about teaching and learning, they reconstruct their classrooms and begin t
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offer different invitations to their students to learn and know” (Cochran-Smityiti&,
1993, p. 101).

Recommendations for Curriculum Developers

As | began this project, | spent time researching possible problemgsolvi
curricula. While | was expected to use the district-adopted curriculum, ésvemutilize
additional resources as well. What | typically found were problems thattteddit
evoke the puzzlement and relevance needed to truly challenge my studentssoMany
called problem-solving activities were simply story problems. With thasind, | would
like to recommend the following for curriculum developers in creating probtaEwng
activities for young children. There is a need for problems that are botarchal yet
solvable for young children. As evidenced by this research study, childreablert®
solve rather complex problems collaboratively with the teacher actingiasaarse
guide. It would be beneficial to have resources available that can support their
mathematical thinking. Such curricula might include ideas on making problemsteonte
specific. The problems that were related to the classroom were much moreghga
for the students. However, teachers need guidance in creating these. Altigitiona
suggestions might be given on how to extend the problems. For this research study, a
problem was shared in a whole group setting. Students then met with small groups to
solve similar problems, building on their experiences gained during the wioale g
activity. Finally, ideas on how to transform a classroom into a problem-solving
environment in which students apply problem-solving strategies not only to matteemat
but to other parts of the school day would be helpful.

Recommendations for School Districts
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The early childhood classroom has changed in recent years. In many
environments, blocks have been replaced by a research-based curriculum; oportunitie
to engage in painting, dramatic play, and sand exploration are set aside, utijzed onl
when more academic pursuits allow time. Additionally, the classroom day ¢@sde
tightly segmented into large blocks of time designated for literacy arftematics,
allowing little opportunity for integration. To the layman, these indicatoght suggest
that learning activities have been “beefed up.” A closer look, however, seveal
classroom robbed of joy, spontaneity, and whimsy as learning once agaimésigefia
series of steps to be implemented before the child progresses to the riextriavst
guestion have children really changed or have our perceptions of whatthayd
shouldbecome distorted?

I would like to suggest to school districts that learning for young children can be
rigorous yet appropriate. When learning is reduced to telling, we limit ehifdr
tremendous ability to invent and construct knowledge on their own. Through this
research project, | hoped to demonstrate that young children are capable ofgeimgag
complex mathematics as they problem-solve and exchange ideas with ¢ngir pe
Children have much to share through their words and actions which need to define how
learning is viewed in our classrooms.

Recommendations for Further Research

Further studies should be conducted to develop a larger theory base of exploratory
math talk to assess the extent to which similar findings are revealed.il# simdy
undertaken with different age groups would also be beneficial. In addition, an

examination of the social norms in a traditional mathematics classroonil as wenore
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constructivist-minded classroom is needed. Finally, it is important to add to t¢ing the
base on implementing mathematics reform into early childhood classrooms.

FINAL THOUGHTS

“The real learning can only take place in the doing” (Merriam, 1998, p. 156).

Beginnings
As this research study draws to a close, | find myself with a feeling of
ambivalence: at times, triumphant that | survived the dreaded dissertat@sgrother
times, with a sense of loss as | contemplate the future without my questionesdasch
project began with a passion: for teaching, for mathematics, and for childresugfihr
my classroom experiences, | discovered my question: what do children truly kootv a
mathematics? | felt they knew more than what standard assessmentstrelidal
experiences as a parent taught me the power of language. | found that my words could be
the spark that ignited my children’s learning or could quickly dim their brighbsityi
Surely this happens in the classroom too, | reflected. As | began to reseasaioaas
talk, what | discovered fueled my question. | found myself joining the multitudes
throughout the ages that have asked what is the link between language and.learning
I now believe that Action Research is as much a process of asking questions about
one’s practice as it is deciding what to do about solutions. Action Research
enables you to live your questions; in a way, they become the focal point of your
thinking (Battaglia, 1995, p. 89).

Somewhere In the Middle
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During this journey, | left behind my old self-- someone unsure of what being a
teacher researcher entailed. Slowly, almost unknowingly, | stepped onto harew-s
one that embraced uncertainty as part of the journey; puzzlement as pareafmiregt
honesty as part of the change—all of which encompass what it means to beavwdach
is a researcher.

Throughout this project, | have had to venture out of my comfort zone in a
multitude of ways. From learning new technology to confronting myself on taige--t
dual role as a teacher/researcher asked that | objectively evadtlatey successes and
failures as a teacher through a constructivist lens. As a teachernmwsdwio feel good
about, yet | had to be honest about my own inconsistencies between my philosophy and
actual teaching practices. As a researcher, | was able to vieailorg$ not as barriers
but as stepping stones to becoming what | envision a constructivist educator to be.

Endings And New Beginnings

As | enter the classroom each day, | find myself armed not only with a
curriculum, but with the learning that | have fueled as a teacher reseatessons
learned include the power of children’s voices that have much to say about what they
need to develop mathematically. This project that began with a question about my
students’ mathematical abilities has become much more as | grow to anddfsit the
power is not in perfection but in acceptance of the journey, the struggles, and the
inconsistencies. It is the combination of these experiences that can stowsfpitm
both the teaching and the classroom environment and ultimately, myself. Abertea

researcher, | must accept the messiness of classroom life as wottkiygung children
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is never static. However, out of chaos can arise grandeur as | glimpse thepowe
constructivism embedded in the process of becoming a constructivist educator.
There is no point of arrival, but rather a path that leads on to further growth and
change. For those who are willing to face the doubts, frustrations, and
uncertainties inherent in a practice based on constructivism, that path idedsso fil

with rewards and satisfactions (Schifter, 2005, p. 96).
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Status Recommended by Reviewer(s): Approved Protocol Expires: 1/16/2009

Principal

Investigator(s

Sandra Bequétte Kathryn Castle

3138 N. Lakecrest 235 Willard

Wichita, KS 67205 Stillwater, OK 74078

The IRB application referenced above has been approved. It is the judgment of the reviewers that the
rights and welfare of individuals who may be asked to participate in this study will be respected, and that
the research will be conducted in a manner consistent with the IRB requirements as outlined in section 45
CFR 46.

@/The final versions of any printed recruitment, consent and assent documents bearing the IRB approval
stamp are attached to this letter. These are the versions that must be used during the study.

As Principal Investigator, it is your responsibility to do the following:

1. Conduct this study exactly as it has been approved. Any modifications to the research protocol
must be submitted with the appropriate signatures for IRB approval.

2. Submit a request for continuation if the study extends beyond the approval period of one calendar
year. This continuation must receive IRB review and approval before the research can continue.

3. Report any adverse events to the IRB Chair promptly. Adverse events are those which are
unanticipated and impact the subjects during the course of this research; and

4. Notify the IRB office in writing when your research project is complete.

Please note that approved protocols are subject to monitoring by the IRB and that the IRB office has the
authority to inspect research records associated with this protocol at any time. If you have questions
about the IRB procedures or need any assistance from the Board, please contact Beth McTernan in 219
Cordell North (phone: 405-744-5700, beth.mcternan@okstate.edu).

SinCi;B’i
y/J =

Shelia Kennison, Chair
Institutional Review Board
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Hello! | wanted to tell you about a special research project | will be doiogr
Kindergarten class beginning in February, 2008. It is on classroom math dalk. |
wanting to understand how children share their math knowledge through their talk.
Our mathematics program will stay the same. However, | am wantingeotatdta that
will help me understand math talk better. This will include video taping students during
whole group math lessons and audio taping them during small group time. This will be
done twice a week. In addition, I will record observations about students’ math talk i
other areas of the curriculum, such as during center time. | will sharmation about
the study results in a written report (dissertation) for Oklahoma State sitbyver

The research project is voluntary. You, as your child’s parent (or guacdian)
choose to not have your child participate. If so, your child will not be included in the
study, but will still participate in regular classroom activities.sfilay consent form].
This is a consent form that should explain in more detail what | will be doing.ePleas
look it over and let me know of any questions or concerns you might have. Please
complete the form, either giving or not giving your consent for your child tacjpate in

the research study and return it to me by Monday, Feb 4.
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Project Title: Kindergarten Students’ Exploratory Math Talk

Investigators: Sandra L. Bequette, M.Ed..

Purpose:

Procedures:

The purpose of the research study is to better understand how children
share their math knowledge through their talk.

It focuses on understanding the different types of talk used in my
classroom during math lessons and will involve video tapes of whole
group math lessons and audio tapes of small group activities. I, as the
teacher, and the students will be recorded as we talk and interact during
math time. In addition, student work may be collected that helps to
understand student thinking as well as photographs of small group work.
Classroom observations of students’ math talk in other curriculum areas
will also be recorded in a research journal.

The mathematics program will not be any different from what we are
currently doing in the classroom. All students, whether they have consent
to participate in the research study or not, will participate in regular
classroom activities. Procedures include:

e During whole group math instruction, the teacher will share a
meaningful math problem with the class from the district math
curriculum. Students will discuss the problem and identify possible
strategies to solve it. Students will be video-taped as they engage in
discussion. Students without parental consent will sit outside the
range of the camera.

e Next, students will select from a variety of math activities around the
classroom. One table in the classroom will be designated the problem-
solving table. Student groups will rotate turns working at the table as
they solve a problem similar to the whole group activity. Students
without parental consent will not be grouped with study participants
during small group work.

o Student conversations will be audio-recorded while working at the
problem-solving table. In addition, student photographs may be taken
to add important details about student conversations. Samples of
student work may also be collected (i.e., drawings, journals, writing).

e Observations of students, including a written record of their math talk
will be gathered and recorded in a research journal to show if students
use math talk during other parts of the day (i.e., centers). Observations
of non-participants will not be conducted.
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Risks of Participation:
There are no known risks associated with this project which are greater
than those ordinarily encountered in daily life.

Benefits:
Benefits from the research include possible information about students’
progress in mathematics. In addition, it may contribute to research in
general on math talk in Kindergarten students.

Confidentiality:
To ensure confidentiality and protection for your child, I assure you that:
° Tapes will only be used for research purposes.
° You may ask to view or listen to any tapes that record your child.
° You may request that parts of tapes of your child not be shown to
others.

All data will be analyzed and stored off-site. Data will be stored utilizing
an off-site password-protected computer. Audio- and video-tapes will be
stored in a locked file cabinet in the home of the primary researcher with
only the primary researcher having access. Tapes will be kept for a
maximum of two years and then destroyed.

Data will be reported in the primary researcher’s dissertation for
Oklahoma State University. In addition, data may be shared in scholarly
journals. Student identities will be protected utilizing student
pseudonyms.

The records of this study will be kept private. Any written results will
discuss group findings and will not include information that will identify
your child. Research records will be stored securely and only researchers
and individuals responsible for research oversight will have access to the
records. It is possible that the consent process and data collection will be
observed by research oversight staff responsible for safeguarding the
rights and wellbeing of people who participate in research.

Compensation:
There is no compensation for participating in the study other than the
possible benefit of better understanding your child’s math knowledge.

If you do not wish your child to participate in the study, he or she will not
be included in the study but will participate in regular classroom activities.
This may include sitting outside the range of the video camera and not
having small group math conversations recorded.
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Contacts:
If you have questions concerning the research or your child’s rights as a
research participant, please contact:
Sandra Bequette
3138 N. Lakecrest
Wichita, KS 67205
316 558-8674

or
Dr. Kathryn Castle
STCL Graduate Coordinator
235 Willard Hall
Oklahoma State University
Stillwater, OK 74078
405 744-8019

If you have questions about your rights as a research volunteer, you may
contact Shelia Kennison, IRB Chair, 219 Cordell North, Stillwater, OK

74078, 405-744-1676 or irb@okstate.edu.

Participant Rights:
Involvement in the research project is voluntary and you can withdraw
your child at any time in the research project without reprisal or penalty.
If you decide to withdraw your child from the project, then recordings of
your child will not be used.
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Verbal Script for Students’ Assent

Hello, (student name). Today, I am going to record our
math talk using a video camera and a tape recorder. You don’t
need to be part of the taping if you don’t want, and you can change
your mind about being taped any time and for any reason. If you
don’t wish to participate, your grade won’t be affected and you
won’t be in trouble. Would you like to be part of the audio and
video tape?
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Oklahoma State University Institutional Review Board

Date Wednesday, December 17, 200 Protocol Expires: 12/16/2009
IRB Application No:  ED07122

Proposal Title: Kindergarten Students' Exploratory Math Talk

Reviewed and Expedited (Spec Pop)

Processed as: Continuation

Status Recommended by Reviewer(s) Approved

Principal

Investigator(s)

Sandra Bequette Kathryn Castle

3138 N. Lakecrest 235 Willard

Wichita, KS 67205 Stillwater, OK 74078

Approvals are valid for one calendar year, after which time a request for continuation must be
submitted. Any modifications to the research project approved by the IRB must be submitted for
approval with the advisor's signature. The IRB office MUST be notified in writing when a project is
complete. Approved projects are subject to monitoring by the IRB. Expedited and exempt projects
may be reviewed by the full Institutional Review Board.

The final versions of any printed recruitment, consent and assent documents bearing the IRB approval
stamp are attached to this letter. These are the versions that must be used during the study.

The reviewer(s) had these comments:

Approval for continued data analysis only. Should additional data collection be necessary a
modification will need to be submitted to the IRB for review and approval prior to implementation.

Siqnatu{ /]
7/ y =
i - o Wednesday, December 17, 200

son, Chair, Institutional Review Board Date
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1. Mathematical understanding

Number

o MNumberl Verbal counting

. MNumber2  Object counting

o MNumber3  Subitizing

o MNumber4  Comparing numbers

. MNumber5  Adding to/taking away

. MNumber6  Compose and decompose
Algebra

o MAlgebral Repeating patterns

o MAlgebra2  Growing patterns
Geometry

. MGeol Shapes

. MGeo2 Putting together shapes

o MGeo3 Transformation and symmetry

. MGeo4 Spatial reasoning/locations
Measurement

. MMsmtl Attributes, units, processes

. MMsmt2 Techniques and tools
Data Analysis

o MDatal Classification

o MData2 Graphing
Errors: regular coding followed by “E”
Talk about: regular coding followed by “T”

2. Sounds like?
Irregular speech:

o IS1  Pauses
. IS2 “Um”
. IS3  Repetition
) IS4 Abbreviation
. IS5  “Like”
. IS6  Other
Other:
. SL1 Shares thinking
. SL2 Revises thinking
. SL3 Statements offered for joint consideration
) SL4 Request for clarity
. SL5 Ideas may be challenged but justified
) SL6 Theory building
o SL7 Joint agreement
o SL8 Using evidence
o SL9 Sets up hypotheses
. SL10 Reaches conclusions
o SL11 Other
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3. When does it occur?

4. Teacher Support

5. Social norms

Whenl Whole group discussions
When2 Small group discussions
When3 Other times of the day
TSuppl Open-ended probing questions
TSupp2 Reply not assess
TSupp3 Tools
TSupp4 Teacher as peer
TSupp5 Review
Tsupp6 Lead through puzzlement
TSupp7 Informal use of math language
TSupp8 Revoice
TSupp9 Other
Socl Shared decision-making
Soc2 Conflict
Soc3 Ideas
Soc4 Problems
Soc5 Old norms
Soc6 Other

6. Accompanies exploratory talk
Accl Gestures
Acc2 Uses fingers
Acc3 Other

7. Miscellaneous

M

Miscellaneous utterances

237



APPENDIX G

Example of Coded Discourse

238



# of Discourse Coding Example
utterance
G2W11.006 PR: And we have kind of a fun problem to| Soc4 (problems are exciting)
solve today. Count how many shapes: Soc4 (problem-solve) M
G2w11.007 Students: 1 2 3 4 5 M
G2wW11.008 PR: We need to figure out which of these | Soc4 (figure out/investigate)
shapes holds the most. How could we figurel Suppl1 (how)
that out? What do you think, Javier? Socl (what do you think?)
G2WwW11.009 Javier: Um | think it should be the biggest | 1S2 (um) When2 (SG)
one SL9 (hypotheses)
G2w11.010 PR: Okay. How can you tell which is the | TSupp2 (okay)
biggest since they're all different shapes? | TSuppl (how)
G2w11.011 Javier: This one M
G2wW11.012 PR: So--do you remember what we call that\V
shape?
G2W11.013 Javier: Um--a square M
G2w11.014 PR: A square. Who remembers our three-| TSupp8 (revoice)
dimensional name for it? Do you remember™ (remaining utterances are
| put it in drinks to make it cold. closed questions)
G2wW11.015 Kristina: Um ice M
G2wW11.016 Javier: ice M
G2W11.017 PR: Ice-- M
G2W11.018 Javier: Cube! M
G2w11.019 PR: Cube--we do call that a cube. TSupp8 (revoice)
TSupp7 (cube)
So Javier predicts the cube is the biggest. DiciSupp8 (revoice)
you guys agree or disagree? Socl (agree/disagree)
Is the cube gonna hold the most? TSupp8 (revoice)
Kristina, show us your answer. Soc3 (show idea)
Kristina says she disagrees. Why do you | M (not actual revoice);
disagree? TSuppl (why)
G2wW11.020 Kristina: ‘Cause this one it's like longer and When2 (SG) 1S4 (abbreviation)

taller

IS5 (like) SL5 (challenge)
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APPENDIX |
Data Summary Table: Finding 2
What Does Exploratory Talk Sounds Like?

Speech Disfluencies
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APPENDIX J
Data Summary Table: Finding 3

What Does Exploratory Talk Sounds Like?
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APPENDIX K
Data Summary Table: Finding 4

What Accompanies Exploratory Talk?
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APPENDIX L
Data Summary Tables: Finding 5

When Does Exploratory Talk Occur?
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APPENDIX M
Data Summary Table: Finding 6

Teacher Support
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Dofn nmmary

Table: Finding 4: Teacher Support

(¥ u.u.uumJ VWVLIVE WuppuLY
Descriptor: TOTAL Whole group Smali group Other

Open-ended questions 561 248 313 0

How 210 82 128 0

What 178 92 86 0

Why 150 61 89 0

1 wonder 23 13 10 0

Reply not assess 1306 522 784 0

Okay 1028 410 618 0

Oh 212 95 117 0

Well 66 17 49 0

Review (problem, 190 46 144 0

ideas, model)

Problem 105 19 86 0

Idea 60 12 48 0

Model 25 15 10 0

Lead through 103 57 46 0
puzzlement

Teacher as peer 105 48 57 0

Informal use of 96 31 65 0
vocabulary

Tools 46 25 21 0

Revoice: 677 362 315 0

Statement 450 213 237 0

Question 176 98 78 0

‘Written revoice 51 51 0 0
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APPENDIX N
Data Summary Tables: Finding 7

Social Norms
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Nata Tahla: Rinding & "
Data Summary Table: Finding 5: Social Norms

Descriptor: # of utterances ‘Whole group Small group Other
Ideas 618 351 266 1
Talking 127 83 43 1
Listening 23 15 8 0
Thinking 59 33 26 0
Different ideas 101 64 37 0
okay
Show/represent 119 29 90 0
ideas
Building ideas 76 53 23 0
Understanding 77 52 25 0
others’ ideas
“Anybody have an 36 22 14 0
idea?”
Conflict: 43 31 16 1
Fairness 23 14 9 0
Puzzlement 11 4 7 0
Friendship 14 13 0 1
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Data Summary Table: Finding 5: Social Norms (cont'd)

Descriptor: TOTAL ‘Whole group Small group Other
Problems: 308 150 153 5
“Problem solve” 117 75 41 1
Real life problems 28 15 9 4
Problems are . . . 51 36 15 0

[good, exciting

tricky, yummy]

“Investigate/find 102 19 83 0
out”

Mistakes okay 10 5 5 0
Old norms 81 53 27 1
Shared Decision 1066 411 647 8
Making:

Agree 251 81 170 0
Choices 14 6 8 0
Voting 70 39 31 0
“What do you 179 80 99 0
think?”
“What could we 74 32 42 0
do?”
Group not teacher 281 80 197 4
decides
Teamwork 163 65 94 4
Talking about 34 28 6 0
talking about
decisions
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APPENDIX O

Coding Scheme Development Chart
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Developmental Phases of Coding Proce

2ss  Description of Coding Process

(1) Coding process step 1: Oct. 200’
After conducting a literature review on
exploratory talk, | developed an initial
literature-based coding framework for
the dissertation proposal.

/ This coding examined presentational tall
exploratory talk, and other types of talk
present in classroom math discourse an
was based on the research of Barnes
(1992) and Mercer (1995).

(2) Coding process step 2: May 200¢
Began initial coding of transcribed date
into three types of talk.

BFound that some types of talk were

| difficult to code and did not fall into the
three categories. Additionally, the
framework seemed too shallow and did 1
provide insight into the study’s research
guestions.

o)

not

(3) Coding process step 3: August 20
A revised coding framework was
developed based on an ongoing literat
review, informal analysis as well as
anticipated findings. Categories are
directly linked to the study’s five
research questions.

08hrough examination of students’
exploratory talk utilizing the video tape

Lteanscripts, | discovered that gestures ar
modeling the idea accompanies some ta

conceptual framework.

Added a sixth category and descriptors o

d
k.

3) Coding process step 4: September
2008

While coding using the conceptual
framework, additional themes emerge
and are added to the schema.

Found that the category “Support” was t
general—needed more information to cg
accurately. Separated “Teacher Suppor|
from “Peer Support.” Teacher Support
will include: “Probing questions”, “Reply
not assess”, “Think time”, and “Other.”
Under Peer Support, descriptors include
“Co-construction” and “Other.” Four new
descriptors are added under Social Norn
“Different ideas okay”, “Joint
consideration”, “Active engagement with

DO
de
t”

ideas”, and “Challenge ideas.”

2
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4) Coding process step 5: October 200
Further refinement of conceptual
framework.

8Added descriptor “Revoice” to Teacher
Support. This eliminated the descriptor
“active engagement with ideas” in
Category 5. Changed this to “Check for
understanding.” Found that two
descriptors were overlapping, including
“Build on others’ talk” (Category 5) and

“Co-constructions”(Category 7). Referred
to Cobb et al. (1993)’s findings on “talking

about talking about mathematics” (teach
talk) and “talking about mathematics”
(peer talk). Talking about talking about

building on others’ talk will go in Category

5 as Cobb et al. found that such talk can
lead to new social norms. Actual
discourse demonstrating such talk will be
labeled Peer Support (Category 7).

1%

5) Coding process step 6: October 200
Conceptual framework reformatted

&ound some overlap between the
descriptor “Probing questions” (Category
4) and “Challenging ideas” (Category 5),
Noted that both teacher and peers can
challenge others’ ideas as they exchang
points of view, which may enable a studs
to decenter (Kamii, 2000b). Eliminated
“Challenging ideas” from Social Norm
category. Added it to Category 7:
Challenging ideas.

5%
3(15
=

7) Coding process step 8: October 200
Further refinement.

&ound overlap between descriptor
“Probing questions” (category 4) and
“Seek to understand idea” (category 5).
Probing questions can include those
guestions that teacher (or peer) already
knows—more of a scaffold. “Seek to
understand idea” is more open-ended—
teacher honestly seeks to understand id
from student’s viewpoint.

19
QD
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8) Coding process step 9: October 200
Further refinement of category
“Mathematical Reasoning” (Category 1
is needed.

&ound that mathematical categories nee
refinement. Referred to recommendatio
)by NCTM (2006) as well as Sarama &
Clements (2006b) on what concepts shqg
be taught in Kindergarten mathematics.
Added descriptors under each math
category.

9) Coding process step 10: November
2008

Probing Questions (Category 4) is
becoming too large, necessitating
refinement of descriptor.

Further analysis of descriptor: “Probing
Questions” reveals that a large percental
of the questions are what Cazden (2001
terms ‘inauthentic’ as | had an answer in
mind. Lindfors (1999) considers such
guestions as information-seeking. She
suggests that they tend to close rather tk
extend inquiry. Teachers should utilize
open-ended questions that support
children’s emergent inquiry. The
descriptor will be retitled “Open-ended
Probing Questions.” Inauthentic,
presentational discourse will be eliminatg
from coding as it does not support
exploratory talk (Barnes, 1992; Cazden,
2001; Lindfors, 1999).

ded
ns

uld

nan

1%

-

10) Coding process step 11: Novembe
2008
Saturation of one descriptor in Categot
4.

r Found that one descriptor cannot be spli
namely “Reply Not Assess.” Discourse
ywill be coded as such in the complete
lesson transcription (and tallied on the d
summary sheet) but will not be added to
the chart due to saturation unless evider
of a new pattern or theme emerges.

—

Ata

ce

11) Coding process step 12: Novembe
2008
Descriptors need to be further defined.

r Found that descriptor “Joint consideration”

(Category 5) needs to be further refined.
Changed title to “Shared decision-
making.” Also two descriptors were
overlapping: Open ended probing
guestions (Category 3) and Shared
decision-making (Category 5).
Classification was made after reviewing
the findings to date. Open ended probin
guestions tend to begin with “how”,
“why”, or “I wonder” (Lindfors, 1999).
Shared decision making, while using sor

probing questions, are ideas presented for

ne

group involvement in making decisions.

2
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12) Collapsed descriptor
“Misunderstandings.” November 2008

Data summary sheets revealed few
utterances in the descriptor
“Misunderstandings” (Category 5). Foun
that some of the utterances could be mo
to “Conflict” or “Seeking to understand
others’ ideas”, thus eliminating the
descriptor.

d
ved

13) Further refinement of framework:
December 2008

The coding schema becomes more
streamlined due to the combination of
descriptor “Joint Agreement” with “Share
Decision Making” (Category 5). Througk
analysis, found that “Working as a team’
(Category 5, descriptor “Other”) could be
combined with “Shared Decision Making
(Category 5).

Il

A

14) “Other” categories becoming too
large, requiring further refinement and
collapsing of some descriptors:
December 2008

Am finding that the “Other” categories ar
becoming difficult to manage.
Reexamined each chart in detail,
repositioning utterances as initial finding
emerged. Under Category 4, new
descriptors emerge including: “Tools”,
“Teacher as peer”, “Review”, and “Lead
through puzzlement.” Under Category 5,
new descriptors include: “Old norms”,
“Problems”, and “Behavior.”

15) A descriptor is overly detailed:
December 2008

Found that “Explanations” (Category 5)
was too defined. Retitled it “ldeas”,
allowing me to combine it with “Different
ideas are okay”, eliminating that descript
from the framework.

or

15) Two descriptors/categories are
overlapping: December 2008

Descriptor “Explaining ideas” (Category
5) and “Exploratory talk” (Category 3) ar
overlapping. As explaining ideas is a
component of exploratory talk, will
remove such descriptor from the coding
schema.

D

16) Further refinement of the definition
of exploratory talk: January 2009

Found overlap between examples of
exploratory talk and the category “Peer
Support.” Peer support IS exploratory ta
(Barnes, 1992; Mercer, 1999); thus the
category will be removed from coding.
Any utterances that are short replies
without explanations (i.e., “No!”, “Yeah!”
will be eliminated as they do not support

k

student talk (Barnes, 1992; Mercer, 1994

5).
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Those with explanations will be coded as
examples of exploratory talk.

\°£J

17) Mathematical errors need further
refining. Found some mathematical
understandings that talk about the
concept (do not actually demonstrate t
concept): January 2009.

Found that mathematical errors need to
further defined. Thus, all errors will be
coded with the regular mathematics cod
htollowed by an “E” for error. For
example: MNumber2E stands for error i
object counting. This eliminates descrip
“Error” (Category 1). Also am finding

be

ng

n
tor

some mathematical discourse that includes

talking about the concept, such as sharing
an idea using object counting. It does not
show students engaged in object counting

but IS mathematical understanding. Wil

code such utterances with a “T” to signify

finding.

18) New descriptor needed: January
20009.

Under “Other” in Category 5 (Social
Norms), found utterances containing
“strategy”, “predict”, and other
mathematical terms used informally.
Added new descriptor to Social Norms:

Informal use of math language.

20) Some discourse difficult to code,
requiring clarification of descriptors:
January 2009.

Again, closed questions are causing
difficulty. For example, “Did we find the
right number of tails?” is a closed questi

DN

as the response is either yes or no and does

not lead to explanations (Lindfors, 1999).

However, it could be coded as either
“Seeks to understand others’ ideas” OR
“Joint decision making.” Through
analysis, such questions would be bettel

voiced as an open-ended probing question

(Lindfors, 1999). For example, “What did
we find out about the number of tails?” ig
open-ended and leads to explanations tk
furthering exploratory talk. Thus, all
closed questioning will be removed from
coding as it does not truly support
exploratory talk.

22) Exploratory talk reveals more than
just mathematical understandings and
irregular speech: January 2009.

During final analysis, find that Category
2. What does exploratory talk sound
like? emphasizes only the speech
disfluencies and doesn’t showcase the

emergence of students’ reasoning abilit

266
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and their progress with exploratory talk
Added descriptors to conceptual
framework draw from students’ talk,
including: sharing of ideas, theory
building, demonstrates, statements

offered for joint consideration, request for

explanation and clarity, ideas may be
challenged but justified, alternative

theories presented, joint agreement, us|
evidence, sets up hypotheses, and rea
conclusions (Mercer, 1995).

23) Analysis reveals some descriptors
need to be combined, moved, added, ¢
eliminated: January 2009.

pifollowing:

A review of utterances reveals the
e Descriptor “Seeking to understan
others’ ideas” fits with “Ideas”
(Category 5); thus collapsing the
first descriptor into the second.
Descriptor “Informal use of
vocabulary” is actually a form of
teacher support (Chapin et al.,
2003) and should go under
Category 4.
Descriptor “Behavior” is too
defined; retitled it “Talk/Listen.”
Identified new descriptor

“Thinking” in student utterances in

“Miscellaneous” category. As
these represents a social norm
(Cobb et al., 1993), will collapse
the descriptor “Think time” under
Category 4 “Teacher Support” an
combine it with “Talk/Listen”
(Category 5).

Found some evidence of old norn|
Add to Category 5.

24) Found a few inconsistencies in Dat
Summary Tables: January 2009.

aDue to the evolving nature of the researc

process, | identified a few inconsistencie
such as how many exploratory talk
utterances each participant had. |
assembled a set of index cards for each
participant, noting the occurrence of
exploratory talk, the week, and where it
occurred. | then examined each utteran

ing
ches

h

[%2)

recording what was present in the talk.
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This allowed me to cross-reference the
data sources to ensure that my findings
were credible.

25) Review of charts: February 2009.

Found that the “Other” descriptor under

Category 2 is overlapping. Will combing
“Shares thinking” with “Explanations”,
collapsing Explanations from the
conceptual framework. Also overlap
between “Demonstrates” (Category 2) a

Descriptor “Models/represents” (Category
6). After examining the utterances, found

majority could be placed under

“Demonstrates”. Note that the remaining

ones utilize use of fingers; added “Uses
fingers” as a new descriptor under
Category 6. Found that “Demonstrates”
can be combined with “Uses Evidence”,
collapsing “Demonstrates” from the
framework.

d

—

26) Final review: February 2009.

Under Category 5 (Social Norms),
talk/listen/think are actually utterances
where students talk, listen, listen or think
about IDEAS! Will put this with Category
5.
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Scope and Method of Study: This qualitative teacher research study exarmatesl w
revealed in Kindergarten students’ exploratory math talk. In addition, classroom
discourse was analyzed to provide an understanding of the social context affecting
the research. Three data collection methods were employed, including audio
recordings, video recordings, and observations. Participants were twenty-two
students in the teacher researcher’s classroom from a large Madwedban
school district. Data were analyzed to reveal trends in the classroom discourse

Findings and Conclusions: A central research finding was that the majority
exploratory talk was related to mathematics, specifically to number and
operations. Other mathematical concepts were found to a lesser degree. A
primary conclusion was that students relied on their understanding of number to
solve problems. Additionally, analysis revealed students exchanging ideas wit
others, struggling to form their thoughts while speaking. These articulations
were difficult to understand at times and were often accompanied by gestures and
the use of fingers. As ideas were exchanged and challenged, the students’ own
thinking was modified, suggesting a deeper understanding of the concept.
Supporting these exchanges was an evolving collaborative environment as
evidenced by the social norms. The teacher acted as an inquiry guide, sitepping
and out of the discourse to support the students’ dialogue. The researcher
concluded that exploratory talk promoted the construction of a collaborative
discourse community ripe with mathematical learning.

This research may be of interest to other educators as it portrays a jdurney o
change—of putting into place constructivist theory into the real world of the
classroom. Old behaviorist norms had to be overturned and were still found in
some of the discourse. As the teacher and the students struggled with
transformation, an emergence began—one that revealed the interplay between
students’ individual mathematical development intertwined with the social

activity of mathematics. Supporting this emergence was the framework o
exploratory talk which enabled the teacher to provide opportunities for students to
exchange ideas, challenge, and modify their existing thinking.
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