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ABSTRACT
Wheeler, Ann MarieTraditional and Nontraditional Preservice Elementary Teachers’

Perceptions about Mathematics and Mathematics TeacRinglished Doctor of

Philosophy dissertation, University of Northern Colorado, 2009.

In this qualitative dissertation, | examined six nontraditional (based on age) and
six traditional preservice elementary teachers’ beliefs and eksandpeliefs about
mathematics and mathematics teaching. These case study partisipenenrolled in
one of three mathematics content courses designed for preservice elgteacizers at a
mid-sized doctoral granting university in the western United Statesclegline twelve
participants based on the predetermined criteria of gender (femalelgssyhén 30 for
traditional and at least 30 for nontraditional), mathematics instructor, yiceser
mathematics course, and group dynamics.

Data collection consisted of two approximately 45-minute long interviews per
preservice teacher, two approximately 30-minute long interviews per istraotl
classroom observations. After data collection, | coded the dataMsing and searched
for themes in the participants’ responses. From the coding, | found six themes itathe da
SensesSocio-cultura) Standards Aligned Beliefs about Mathematisnstandards
Aligned Beliefs about Mathematj&tandards Aligned Beliefs about Mathematics
Teaching andNonstandards Aligned Beliefs about Mathematics Teackimglings
included the fact that nontraditional preservice teachers, on average, rankedvitemse

higher in their self confidence in teaching mathematics at the K-6 gnaele than the

traditional participants. Nontraditional participants also were ledy likan traditional



participants to change their belief systems based on preservice mathaoatant
courses. A common finding among participants included the fact that all pant€i
believed they would teach using all five senses in their future classroom.dtgpiecfor
teaching of preservice elementary teachers consist of the followingngféestivities
involving family member participation as classroom practice, providingiaddit
tutoring support and/or a cohort grouping for nontraditional preservice teachers, and
giving traditional preservice teachers extra support to decrease pasdilt@fficacy

concerns they may have about teaching mathematics.
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CHAPTER |

INTRODUCTION

Research Problem
According to the National Council of Teachers of Mathematics ([NCTM], 2000),
mathematics instructors should place an emphasis on conceptual understanding of
mathematics in order for students to comprehend the underlying mathenehiicg
procedures. “Teachers must not only be able to describe the steps for following an
algorithm but also discuss the judgments made and the meanings of and reasons for
certain relationships or procedures” (Ball, 1990, p. 459). Many who enter peeservi
teacher programs have not had the opportunity to learn mathematics concebtosdly;
who learned conceptually continue to focus on memorization of rules and procedures
rather than teaching for understanding (Eisenhart et al., 1993). Some teaudbraicee
the idea of teaching mathematics conceptually by providing studehtsppbrtunities
to discuss processes and answers theoretically (Boaler, 1998; Kazemek, 3001;
Lampert, 1990). These activities can lead students to understand mathemadiespsra
level, but some teachers do not provide their students with such learning oppartunitie
A reason for this deficit of conceptual teaching could stem from thieeesad-
12 schooling. Kagan (1992) found that preservice teachers hold certain beliefs about
teaching and about themselves as learners that follow them throughoutatiear te

program and into their classrooms. Many instructors in teacher education pregkams



this knowledge for granted and believe preservice teachers are “simphglaarticular
knowledge and skills” (Ball, 1988, p. 3). For teacher programs to be effectivechessa
need to understand more about what preservice teachers believe about mathechatics
mathematics teaching. The faculty of teacher programs not only need tatamdi¢ngse
beliefs, but they also need to comprehend the differences that may arise aesengqe
teachers of all ages who have varying opinions about teaching and learning.

There is much research pertaining to preservice and inservice &daimfs
about mathematics and mathematics teaching. Through a careful revtexg®frticles,
| discovered that preservice and inservice elementary teachers holtgvapimnions
about mathematics (Philippou & Christou, 1998; Raymond, 1997; Thompson, 1984).
Some feel that mathematics consists of procedural fluency (Ball, 1988), wiels ot
possess a conceptual knowledge that goes beyond rules and memorization (Cooney,
1985). Throughout the literature, | found articles that discussed mathematiss sojgh
as addition, multiplication, division, estimation, probability, algebra, and gepadli,
1978; Ball, 1990; Battista, Wheatley, & Talsma, 1982; Canada 2006; 2008; Canada &
Makar, 2006; Dollard, 2006; Dutton, 1951, Eisenhart et al., 1993; Glidden, 2008; Gliner,
1991; Harding-DeKam, 2005; Ma, 1999; Mayberry 1981; Tirosh & Graeber, 1989; 1990;
van Dooren, Verschaffel, & Onghena 2002; Yang, 2007; Zazkis & Liljedahel; 2002)

There are also several articles about preservice and inserviean&eyteachers’
beliefs about mathematics teaching. Personal experience plays a keyhole
preservice teachers think about mathematics teaching (Borko et al., 1992; Mewborn,
1999). Even though prior experience is important, not all preservice teachers think about

teaching mathematics similarly. Some preservice and inseeachers plan to teach



mathematics procedurally, some conceptually, and some procedurally and ealhgcept
(Crespo, 2003; Eisenhart et al., 1993; Raymond, 1997; Thompson, 1984; Vacc & Bright,
1999). Preservice teachers often feel mathematics lessons should be fun, nthenatter
cost or mathematical value in the lessons (Borko et al., 1992; Eisenhart et al., 1993;
Gellert, 1998; 2000; Wiegel & Bell, 1996). Some prospective elementary teactiald
like to teach using multiple strategies but are not familiar with aliemstrategies to the
way they learned mathematics (Ball, 1988). Preservice teachers who belinesatics
teaching would be difficult for them commented that they hope to teach lovadesga
that their lack of mathematical knowledge would not affect their studeatsiig. By
using manipulatives, some preservice teachers feel they comprehendedatiathem
better than in the past (Fuson, 1975).

Although there is much research related to the beliefs and attitudes of preservice
elementary teachers, none of this research isolates the beliefs tuuldsibif
nontraditional preservice elementary teachers. Researchers veasthdied
nontraditional, those 25 years old and older (National Center for Education &atisti
[NCES], n.d.), preservice teachers but did not identify them as such. Reseaszhtcela
studies about nontraditional students centers on external factors that influslere st
attrition. For example, nontraditional students face several obstaclesndiatf college,
including family and financial concerns (Bean & Metzner, 1985; Bundy & Smith, 2004;
Richardson, 1994). With these issues, it is not surprising to find that nontraditional
students have lower college completion rates than traditional studentsu@rargég
Kaufman, 2005). To help them overcome these hurdles, adult learners often need

motivational support systems from friends and family, as well as finaswgglort (Blair,



McPake, & Munn, 1995; Chao & Good, 2004). Even though nontraditional students
suffer from certain hardships that traditional students might not, they careducce
mathematics courses (Elliot, 1990) and contribute to classroom discourse (Howard,
Short, & Clark, 1996).

As can be seen, several researchers have investigated preservicgagieme
teacher beliefs about mathematics and mathematics topics but have nioeeixam
preservice traditional and nontraditional teachers. In this study, | atterdistinguish
the beliefs related to mathematics and the teaching of mathematicemetwe
nontraditional and traditional preservice elementary teachers. Sincesacchess have
conducted studies about traditional and nontraditional preservice elementaryseiache
will fill this gap in the literature and pave the way for future researdhisrarea.
Purpose of the Study

The purpose of this qualitative case study is to understand the beliefs about
mathematics and mathematics teaching of traditional and nontraditionavpeser
elementary teachers at a midsized doctoral granting university in gterwé&nited
States. Besides understanding more about the way nontraditional and traditional
preservice teachers’ describe mathematics, | also investigate eserpce teachers
view ideas, such as standards aligned and nonstandards aligned mathematics a
mathematics teaching.

Definitions
Before posing my research questions, | will clarify some terms usedjttooumy

investigation.



Preservice elementary teachdy preservice elementary teacher is an
undergraduate who is enrolled in a teacher education program who plans to
attain a teacher license in elementary education.

Nontraditional preservice elementary teach&montraditional preservice
elementary teacher is a preservice elementary teacher who isr@ofyage

or older (NCES, n.d.). The institution where | conducted my research defines

nontraditional students on its website as students who: audit classes, take only

summer classes, and/or return after a 12-month absence. In addition, the
university also classifies graduate students who have not been admitted to the
graduate program and senior citizens as nontraditional students.

. Traditional preservice elementary teach@rtraditional preservice

elementary teacher is a preservice elementary teacher who isaiesbt

years old.

Conceptual learningConceptual learning is “comprehension of mathematical
concepts, operations, and relations” (Kilpatrick, Swafford, & Findell, 2001, p.
5).

Procedural learningProcedural learning is “skill in carrying out procedures
flexibly, accurately, efficiently, and appropriately” (Kilpatriekal., 2001, p.

5).

Conceptual teachingConceptual teaching is teaching students how to
comprehend “mathematical concepts, operations, and relations” (Kilpatrick et

al., 2001, p.5).
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Procedural teachingProcedural teaching is teaching students the “skill in
carrying out procedures flexibly, accurately, efficiently, and appropyiate
(Kilpatrick et al., 2001, p. 5).

Traditional mathematics learnindraditional mathematics learning is
characterized by the ideas that mathematics is a fixed “unrelatectioollef
facts, rules, and skills” (Raymond, 1997, p. 556).

Nontraditional mathematics learninglontraditional mathematics learning is
characterized by the ideas that mathematics is “dynamic, problem driven, and
continually expanding” (Raymond, 1997, p. 557).

Traditional (nonstandards aligned) teachinfyaditional (nonstandards

aligned) teaching is characterized by the ideas that matheneatotsrg

consists of lecture, “right answers” (Raymond, 1997, p. 558) with no
explanation of processes, no group work, no deviation from set lesson plans,
and memorization of facts.

Nontraditional (standards aligned) teachingontraditional (standards

aligned) teaching is characterized by the ideas that matheneatotsrg

consists of difficult questions, an emphasis on process and not the answer,
group work, flexible lessons, and a teacher as a facilitator of learning
(Raymond, 1997).

Discovery based learnind@iscovery based learning involves students
discovering mathematics concepts by investigating and seeking out answers
rather than teachers telling them the underlying mathematics concepts and

ideas.



13. Manipulatives Manipulatives are “objects designed to represent explicitly and
concretely mathematical ideas that are abstract” (Moyer, 2001), saoloas
tiles, Cuisenaire rods, pattern blocks, and geoboards.

14.Math 100 Math 100 is the first of a three course conceptually based
mathematics sequence for preservice elementary teachers tlestsaddr
topics, as stated in the university catalogue, as “mathematical stajcture
including numeration systems, natural numbers, integers, rational numbers,
relations, functions, and equations.” The class is a three credit senoeste ¢
and meets either on Mondays, Wednesday, and Fridays for 50 minutes each or
Tuesdays and Thursdays for 75 minutes each. Instructors use the Beckmann
(2007) text, which concentrates on the explanations behind mathematics
concepts and procedures, as well as details common mathematics
misconceptions.

15.Math 200 Math 200 is the second course of a three course conceptually based
mathematics sequence for preservice elementary teachers tlestsaddr
topics, as stated in the university catalogue, as “representing, analyzing,
generalizing, formalizing, and communicating patterns and probabilities.” T
class is a three credit semester course and meets either on Mondays,
Wednesday, and Fridays for 50 minutes each or Tuesdays and Thursdays for
75 minutes each. Instructors use the Beckmann (2007) text.

16.Math 300 Math 300 is the third course of a three course conceptually based
mathematics sequence for preservice elementary teachers tlestsaddr

topics, as stated in the university catalogue, as “two- and three-dimensional



17.

Research

shapes, their properties, measurements, constructions, and transformations”.
The class is a three credit semester course and meets either on Mondays,
Wednesday, and Fridays for 50 minutes each or Tuesdays and Thursdays for
75 minutes each. Instructors use the Aichele and Wolfe (2008) discovery
based mathematics content text that does not provide definitions of terms and
is activity based.

Social constructivismSocial constructivism is a learning theory that

emphasizes the idea of no absolute truth; learners co-construct knowledge in a
social setting, which they then can internalize (Schunk, 2004).

Questions

Through case studies, | used qualitative methods, such as the use of classroom

observations and interviews, to answer the following guiding research qug&tipand

four sub-questions (Q2-Q5):

Q1

Q2

Q3

Q4

Q5

What is the nature of nontraditional and traditional preservice elementar
teachers’ experiences with and/or perceptions about mathematics and the
teaching of mathematics?

How do nontraditional preservice elementary teachers perceive
“mathematics” in terms of standards aligned and nonstandards aligned
mathematics in comparison to traditional preservice elementary teachers?

How do nontraditional and traditional preservice elementary teachers’
opinions about “mathematics” evolve (as collective traditional and
nontraditional groups and as individuals) throughout a semester long
mathematics content course designed to teach preservice elementary
teachers in a conceptual format?

How do nontraditional preservice elementary teachers perceive
“mathematics teaching” in terms of standards aligned and nonstandards
aligned teaching in comparison to traditional preservice elementary
teachers?

How do nontraditional and traditional preservice elementary teachers’
opinions about “mathematics teaching” evolve (as collective traditional



and nontraditional groups and as individuals) throughout a semester long
mathematics content course designed to teach preservice elementary
teachers in a conceptual format?
Timeline for Research
The following timeline details my pilot studies and dissertation work.

Table 1

Research Timeline

Time Frame Work Progress Completed
Fall 2007 | conducted Pilot Study I. This was a case study of two preserviEall 2007
elementary teachers who enrolled in Math 200 classes under my
direction.

Spring 2008 | conducted Pilot Study II. This was a case study of eightyiceseBpring 2008
elementary teachers, four enrolled in Math 100 and four enrolled in
Math 300. There were two traditional and two nontraditional
students from each course. One traditional and one nontraditional
participant completed their coursework under my direction.

Spring 2009 | collected data for my dissertation, a study of 12 preservice
elementary teachers, four enrolled in Math 100, four enrolled in
Math 200, and four enrolled in Math 300. Half of the participants
were traditional and half were nontraditional preservice eitsng
teachers. Of the four from each Math 100/200/300 course, two were
nontraditional and two were traditional participants. None of the
participants enrolled in courses under my direction.

Researcher Stance

In any qualitative study, there are biases that may exist because abjeneigity
in the research. Thus, it is important to state the researcher’s backgroustdrase to
have a sense of the values and perspectives the researcher is bringingniiaigh to the
research (Merriam, 1998). For these reasons, | detail in the following paragnaphs m
educational background and beliefs about mathematics, teaching mathemdtics, a

nontraditional preservice elementary teachers.
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Progressing through my elementary and high school, | became incredmstigly
at algorithms and felt good about my understanding of mathematics. My actual
knowledge consisted of rules and memorized facts, which made college mathematics
harder for me because of the holes in my mathematics background. If my initia
understanding of mathematics was conceptual, then | might not have struggled as much
in my college mathematics courses. Conceptual learning helps individusdsaditzter
sense of how mathematical concepts relate to one another. Conceptual learners
understand more than algorithms that often are memorized techniques for arriving at
answers.

As | progressed through college, | graduated with a degree in mattemdh an
emphasis in education. My certifications include secondary mathematicsigichE
Language Learners (ELL) in the state of Arkansas. | taught yleaas in the public
school system and three years at the collegiate level. Two of my tlaeseofeeaching at
the collegiate level included instructing preservice elementary tesacharrently, 1 work
as a teaching assistant/consultant in a local middle school and high school, where my
duties include developing lessons/activities, teaching students, assishifgglditrips,
tutoring students, and grading papers.

These experiences made me an attentive teacher to diverse student populations
and learning styles. Not all students learn in the same way, and teachers need to be
willing to help all students achieve to the best of their abilities. Teachersse a
standards aligned teaching approach to help their students gain conceptuatiyaaile
mathematics. In a standards aligned course, instructors act aattasilin their

classrooms, where students work in groups and present their problems and answers to the
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class for review. | prefer this approach of teaching and feel it is arniedfeay to
instruct students, especially given the holes in mathematics from my owa publi
schooling.

My beliefs about nontraditional students stem from my experiences with tgachin
preservice elementary teachers. Many of the nontraditional preserngberedid not
learn mathematics conceptually and struggle with the nonprocedural aspeetslats,
but I believe they can learn conceptually through practice and persevaraegare
persistent in their work but often lack the mathematical knowledge thaakef/ére
younger students possess. Some prefer the procedural methods because of their
mathematics background of algorithms. With my data collection, | plan tdnés#t t
assumptions by observing the preservice teachers learning in their mathexmatent
course. In addition, my interview questions relate to their concerns or possibléestrugg
with mathematics.

Theoretical Perspective

To understand the lens through which researchers conduct a study, they often
explicitly state the theoretical perspective (Creswell, 2007). In theniolg paragraph, |
outline my theoretical perspective of social constructivism.

Constructionism is “the view that all knowledge, and therefore all meahingf
reality as such, is contingent upon human practices, being constructed in and out of
interaction between human beings and their world, and developed and transmitted withi
an essentially social context” (Crotty, 1998, p. 42). Social constructivism, asl hse
research, is also concerned with the participants’ meaning of what theygeoas

valuable pedagogical ways to teach mathematics and important ideas to know about
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mathematical topics (Simon, 1995). | chose this theoretical perspective déoaus
classroom environment in which the students learn is of a social constructivist Bgture
interacting with fellow classmates, the preservice teachers willtia¢e meanings
(Simon, 1994) and co-construct knowledge that they will internalize as indivitilyals
research question consisted of participants’ beliefs about mathematicsthedthatas
teaching, where the classroom environment of social constructivism influensed the
beliefs. These influences materialized in the participants’ respansgernviews, which
determined the choices of code words. In addition, | interpreted the datibopesecial
constructivist beliefs because of the social constructivist influence strilneture of my
research questions and analysis.

Limitations
For the study, there are certain limitations concerning bias, participaplisgm

and interview protocol. More specifically, the limitations include the following:

1. | gathered and coded all of the data, which could lead to biases in my
interpretations of the data. To combat biases, | implemented member
checking, expert checking, triangulation of data, and peer debriefing
(Schwandt, 2001).

2. All the study participants volunteered, which might result in certain
findings that are characteristic of the type of preservice teacher who would
be more likely to volunteer (i.e., high achieving and motivated).

3. | employed a semi-structured interview protocol as described by Mherria
(1998). This entailed posing follow-up questions, which might result in

unconsciously leading the participants to certain answers.
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Delimitations
Two main delimitations in my study involve narrowing the sample and focus of my
study. Descriptions of some delimitations of the study are as follows:

1. Since there are few male preservice teachers, | interviewed fpnegkyvice
elementary teachers who enrolled in Math 100, Math 200, or Math 300 during
the spring 2009 semester at a mid-sized doctoral granting university in the
western United States.

2. There are also a small number of nontraditional preservice teachers in the
elementary education program so | limited my study to 12 participathtsu
equal number of traditional and nontraditional participants.

3. Since my research involved analyzing participants’ views about matltemati
and mathematics teaching, | concentrated on preservice teachardeatand
beliefs about mathematics and mathematics teaching.

Significance of Study

The findings of the research will be important for mathematics educators who
participate in the training of prospective elementary teachers. Thercasmay allow
mathematics educators to retain and help procedurally motivated presésmeatary
teachers succeed in a conceptually focused elementary educatiom peaghem. In
addition, if there are a significant number of traditional and/or nontraditiona@rpres
teachers who feel procedural learning is more important than conceptualdearni
mathematics educators can take steps to address these perceptions aboutiogathema
learning in their classes. Through my research, | might also identtyr$abat influence

traditional and/or nontraditional prospective teachers’ success in themragnich
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could inform teacher educators and universities about their teacher educatiamgrogr
The findings will fill the gap in the literature about comparing and comigastaditional

and nontraditional preservice teachers’ thoughts and perceptions about matherdatics a
mathematics teaching.

Summary

In this chapter, | have detailed the need for research about traditional and
nontraditional preservice elementary teachers’ views about mathearadicsathematics
teaching. To justify my future study, | have explained the significanceeokearch,
which includes having a better understanding of the ways in which nontraditional and
traditional preservice elementary teachers comprehend mathematics\varldevie
importance of procedural and conceptual learning of mathematics. Sincaréhere
studies which compare traditional and nontraditional preservice elemesdahgets, |
have found a gap in the literature about preservice teachers.

My theoretical perspective of social constructivism and my personal sibace
former secondary teacher will play significant roles in the ways in whiohducted and
analyzed the data. In regards to limitations of the research, they includettheat |
coded and analyzed all the data, which might result in biases. In addition, all the
participants volunteered, which might lend to certain sample charéctetisat are not
representative of the entire population of preservice elementary teachsthg, Lutilized
semi-structured interviews, where my follow-up questioning may consist of
unconsciously relying on leading questions. For delimitations, | restrialy research to

12 female preservice elementary teachers who took Math 100, Math 200, or Math 300
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during the spring 2009 semester at a midsized doctoral granting university in taewes
United States.

In the following chapter, | summarize the literature related to mynesea
guestion and describe how it informed my study. The literature centers orncaduodr,
preservice/inservice teachers’ beliefs about mathematics including tapic$lath

100/200/300, and preservice/inservice teachers’ beliefs about teachirenmaads.
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CHAPTER Il

LITERATURE REVIEW

In this chapter, | summarize the literature related to my guidingrodsgaestion

(Q1) and four sub-questions (Q2-Q5) that include:

Q1

Q2

Q3

Q4

Q5

What is the nature of nontraditional and traditional preservice elementary
teachers’ experiences with and/or perceptions about mathematics and the
teaching of mathematics?

How do nontraditional preservice elementary teachers perceive
“mathematics” in terms of standards aligned and nonstandards aligned
mathematics in comparison to traditional preservice elementary teachers?

How do nontraditional and traditional preservice elementary teachers’
opinions about “mathematics” evolve (as collective traditional and
nontraditional groups and as individuals) throughout a semester long
mathematics content course designed to teach preservice elementary
teachers in a conceptual format?

How do nontraditional preservice elementary teachers perceive
“mathematics teaching” in terms of standards aligned and nonstandards
aligned teaching in comparison to traditional preservice elementary
teachers?

How do nontraditional and traditional preservice elementary teachers’
opinions about “mathematics teaching” evolve (as collective traditional
and nontraditional groups and as individuals) throughout a semester long
mathematics content course designed to teach preservice elementary
teachers in a conceptual format?

Within the scope of the sub-questions, | will investigate how preservice teache

view traditional and nontraditional aspects of teaching and learning as detailed i

Raymond’s (1997) work with inservice elementary teachers. | catedgieservice
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teachers in my first pilot study based on LaBoskey’s (as cited in Griffin, 200%)
categories of thinkers: concrete, alert, or pedagogical. Concrete thiakerto think in a
procedural manner, where their interests center on algorithms and corveetsaii3n the
other hand, pedagogical thinkers are interested in higher order thinking, multiple
strategies for understanding, and conceptual learning. They possess sound content
knowledge and want to teach their future students conceptually. Alert think@rsaare
middle ground between concrete and pedagogical thinkers. In my first pilgt ktud
determined how traditional and nontraditional preservice elementary tetuheght
about mathematics. | felt Raymond’s work contained a broad scope that encompassed
many ideals of nontraditional and traditional preservice teachers, so | swbghe
concentration to Raymond’s methodology for my second pilot study.

Raymond (1997) described traditional mathematics beliefs as a fixed set of
“unrelated collection of facts, rules, and skills” (p. 556). Raymond detaileiidrzl
mathematics teachers as individuals who tend to lecture, to strive for rigkgrarneith
no explanation of processes, to not utilize group work, to maintain inflexible lesson plans,
and to want students to memorize facts. On the other hand, nontraditional mathematics
beliefs consist of the ideas that mathematics is “dynamic, problem driven, aimiatiyt
expanding” (p. 557). According to Raymond, nontraditional mathematics teachers ask
difficult questions, care more about the process than the answer, utilize group work,
maintain flexible lesson plans, and act as facilitators of learning.

Since | am already using the terms “traditional” and “nontraditiotmatéfer to
the age of preservice elementary teachers, | will therefore bestraditional” beliefs

about teaching and learning as “nonstandards aligned” and “nontraditional” bblefs
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teaching and learning as “standards aligned.” | chose these termsdetthe
differences inherent in traditional and nontraditional approaches to teachingramulea
that are consistent with NCTM (2000) views of standards and nonstandards aligned
teaching and learning.

For the literature review, my focus areas center on adult learners,
preservice/inservice teachers’ beliefs about mathematics, and preseseicece
teachers’ beliefs about teaching mathematics. In the following paragragisections, |
discuss my rationale for inclusion of each of these sections in my literatiegs as
well as detail articles from each category.

| include articles about adult learners because | am comparing tradithohal a
nontraditional prospective teachers. When | discuss nontraditional preseeweantdry
teachers and/or nontraditional students, | refer to individuals who are at leastr&5 y
old. In my literature search, | found that several researchers had ardiffiefinition for
nontraditional students. In such cases, | specify the researcherdiaclediof
nontraditional. If | do not specify a range of ages, a reader may assurae tha
nontraditional student is 25 years of age or older.

Since the literature about mathematics teachers and teachingnsiexté
narrowed my literature review to articles about K-8 preservice and insenathematics
teachers. Although elementary teachers tend to be certified to teach ie6pEthese
teachers are employed in middle schools where they may teach 7th and 8th grade
mathematics. The direction of my research question includes preserviemtgm
teachers’ thoughts and perceptions about mathematics and mathematics te@aithing s

was natural to include such articles.
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Although my study concentrates on preservice elementary teachers, theere are
few articles about inservice elementary teachers (Raymond, 1997; Thompson, 1984) that
influenced my dissertation research. From these articles, | found g agfected my
research questions and interview protocol. Thus, | felt it necessary to indigts ar
about inservice elementary teachers in my literature review.

Adult Learners

In this section, | detail articles about adult learners in regards to netibem
achievement, affective concerns, burdens for success in college, motivatitoral, facd
classroom discourse. Elliot (1990) and Richardson (1994) discussed aspects and/or
struggles nontraditional students have towards mathematics achievement. Bean and
Metzner, (1985), Schuetze and Slowey (2002), Bundy and Smith (2004), Taniguichi and
Kaufman (2005), Viskic and Petocz (2006), and Trueman and Hartley (1996) detailed
burdens that nontraditional students face in attending college. These burdens include such
topics as family, finance, and remedial coursework. With the topic of motivahao
and Good (2004), Schloglmann (2006), and Blair et al. (1995) investigated nontraditional
students’ motivational factors that consisted of family and support systemsrdHeiel.
(1996) examined the idea of classroom discourse of traditional and nontraditional
students and their reasoning for participating in class discussions. Most didles are
from research conducted years ago and none of the authors discusses prospective
teachers.

Elliot (1990) found that nontraditional freshman students scored at the same level
as traditional freshman students on basic mathematics. Elliot administendthzietéc

pretest and an algebraic posttest to 75 nontraditional and 75 traditional studeted enrol
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in basic algebra classes at seven Michigan universities. The reseasohavastigated
affective variables of “causal attribution, confidence in learning mattesnand
perceived usefulness of mathematics” (p. 160). In order to measure thabtesaElliot
administered three student surveys at the beginning of the course based on aeach of th
three affective variables. Sample survey items included, “Mathem&tiagsahas been
one of my most difficult courses,” and “Using mathematics will be negessaarning
my living” (p. 161). Elliot used a multiple regression analysis to discover thatdrean
nontraditional female student felt luck played a role in her mathematies/actent, the
lower her grades on mathematics exams were.05). The researcher did not find this
link between success and luck to be significant with any other particigarg @re.,
nontraditional males, traditional females, and traditional males). Theceadditional
discussion about this result, which is a weakness of this article.

In support of Elliot's (1990) findings, Richardson (1994) also detailed the
sentiments that mature students are able to succeed in higher education. Through a
synthesis of research on adult learners, he contended that adult learnersaadk thet |
basic skills to productively study and further their education; rather, aduletsdace
issues such as personal or financial reasons that may cause them to wittiwiraw f
school. Richardson also addressed the inaccurate myth that older students aréoleot capa
of learning in higher education because of the aging process. Instead, non@hditi
students obtain a type of wisdom that traditional students have not yet acquired.

Nontraditional students can face burdens that make school challenging and even
unattainable. Similar to Richardson (1994), Bean and Metzner (1985) conducted a meta

analysis of obstacles that nontraditional students have outside of their schooleyk. T
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defined a nontraditional student as someone who “is older than 24, or does not live in a
campus residence, or is a part-time student, or some combination of thesectbrsé fa
(p. 489). Through a meta-analysis of the literature, the authors created jatgahce
model for undergraduate nontraditional students’ dropout patterns. Bean and Metzner
discovered the four main variables of GPA, intent to leave, past educationahzerte;
and environmental factors like family commitments affect dropout rateofaraditional
students. The authors also found “nontraditional students are more affected by the
external environment than by the social integration variables affectoigdreal student
attrition” (p. 485). Some of these demands include employment, commute time (Schuetze
& Slowey, 2002), financial aid, childcare, and remedial coursework (Bundy & Smith,
2004). These demands impede nontraditional students from completing college. In fact,
nontraditional students have lower completion rates of college than traditiothahtst
(Taniguchi & Kaufman, 2005).

Taniguchi and Kaufman (2005) found the results through a quantitative study of
792 males and 911 females that were over the age of 20. The researchers analyzed dat
from the National Longitudinal Survey of Youth (p. 918) to see how many nontraditional
students completed a four-year undergraduate degree program. They discovered that 59%
of males and 65% of females who enroll part-time do not complete their degrees. In
addition, nontraditional students with young children significantly decreasied the
successful attainment of college degrees.

As a consequence of student attrition, Viskic and Petocz (2006) found it difficult
to conduct research in their preparatory mathematics course. The authassetistow

half of the “mature-age” (p. 7) students, those aged 21 years or older, taking thei
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beginner's mathematics course dropped the class. Student reasons for leaslagsthe
included needing to move for job purposes, finding it difficult to manage school and
family, and believing the mathematics was too difficult.

Initially, Viskic and Petocz (2006) conducted research in Australia on student
reflections about classroom projects in their beginner's mathematicgecdine authors
investigated nontraditional students’ views about mathematics using sagismaents.
Viskic and Petocz collected data in the form of written reflections that stueote
individually or as group activities. The reflections addressed matermaldlass projects
on various mathematics topics, such as counting systems, infinite seriesantaahioc
dating, and women in mathematics.

Viskic and Petocz (2006) examined the reflections using a previous framework
they had developed. Three components of the framework included the following:

1. ComponentsStudents think of mathematics as compartmentalized.
2. Models Students view mathematics as representations or models that
individuals can shape into mathematical relationships.
3. Life: Students believe mathematics connects to everyday situations.
To this list, the researchers addesthniquesthe idea that students believe mathematics
consists of mathematical techniques. This component came from research abhgucte
one of the lead authors.

Viskic and Petocz (2006) found several examples of their framework types, which
they outlined in their study. Below is an example of one nontraditional studewticefle
on strategies and successes in working with different bases that thehexseealassified

as demonstrating the framework@bnceptions
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We started by working out how to change between bases, particularly 5 and 10,
and initially found it so difficult it almost hurt. A big breakthrough occurred when
we were working on the Alien question, doing a lot of trial-and-error work and
having some bizarre discussions! After that, the notion of base and power fell into

place, and the ease of calculation between bases increased considerably (p. 10).
The authors also discovered that students who reflected on the mathematicettourse
self-aware and confident. Several expressed positive attitudes about groumavark a
increased ability to manage their time, as detailed in the following quote.

Looking back, | actually appreciate what | have picked up with time management.

| don’t know whether | had made many discoveries, rather than what | have been

learning about myself. | seem to have a lot more confidence in myself, knowing
that | can do the work that is required. Also learning that it will take tirwenlt

get it straight away but if | stick to it then it will eventually all unfoltbved that

feeling (p. 13).

Trueman’s and Hartley’s (1996) work also adds to the research knowledgdbase a
classroom management. They found that older students, at least 26 years old, Gave bett
time management skills than do younger students.

Researchers examined other factors, such as the motivation of nontraditional
students. Chao and Good (2004) conducted a grounded theory study of 43 nontraditional
undergraduate students’ beliefs about their college experiences. The atdrerswed
participants and transcribed their conversations. Through a grounded thegsysanal
Chao and Good created a main category of hopefulness for nontraditional students with
five related sub themes: “motivation, financial investment, career develogifeent
transition, and support systems “(p. 7). Several nontraditional participantfaiated
to finish college with assistance from support systems, such as friendg, fard
faculty who provided encouragement.

Schloglmann (2006) quantitatively examined the motivation of 419 adult learners

enrolled in 1 of 19 varying mathematics courses, such as basic mathematics and upper
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level classes, at 7 Austrian universities. Each participant completed laylengt
guestionnaire that included demographic information, as well as various quasians

such topics as attitudes towards mathematics and improvements needed in tieathema
education. The patrticipants’ teachers also completed similar survey &ehieglmann

found that the greatest motivational factors for adults in basic classesebiodis
“improvement of personal education, increased vocational demands, joy of learning new
subjects, and to cope with life problems” (p. 10). Through a principle component
analysis, the author discovered four factors of motivation, which included “profdssiona
and economic advancement,” “personal motives,” “general professional performance
orientation,” and “change in job” (p. 10). Adults who were taking vocational classes
described “acquisition of latest professional knowledge, increased vocatioreaiadkem
improvement of personal education, and security in economically unstable times” (p.10)
as their highest motivational factors.

Blair et al. (1995) also examined the motivational goals of adult leamleos,
returned to school. They conducted research in the United Kingdom with 50
nontraditional students, ranging in age from 21-70. Data collection consisted of one semi-
structured interview per participant that included discussion topics, such @ssréas
reenrolling in school and future plans. The researchers coded the data and found two
main themesoalsandConditions(circumstanceswhich influence nontraditional
students’ involvement in education. Blair et al. concluded that “gaining quadfisaor
skills to secure a better job, enjoyment, learning for its own sake, gettiraf the house,
making new friends, and gaining a place on a more advanced course” (p. 637) were

various reasons adults enroll in school. Participants mentioned grants, studennidans, a
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support systems as necessary aids in returning to school. Jane, one of the psa/ticipant
shared her reasons for returning to school that included bettering her childre®safdur
socializing.

This is me trying to get back. [| wanted] to provide my youngest son with some

type of nursery education and give myself something to take my mind off

everything...It gives me the chance to meet other people—otherwise | would be
totally isolated...l was given encouragement and support...It helped me get

myself sorted out and it's given support for me and my children (p. 644).

With classroom discourse, Howard et al. (1996) found that nontraditional
students, students over the age of 24, participated more in class discussions than
traditional students did with a rate of 37.5% to 56%. The researchers selected 13 student
volunteers to observe 13 different introductory courses of various topics at a upiversit
which resulted in 3,521 observations of 247 different students. The courses included such
topics as English, education, music, business, and anthropology (p. 11). Nontraditional
students consisted of 37% of the students observed in the classes. Besides classroom
observations, 170 students and 13 teachers answered surveys about class participation
and personal views about classmates and their instructors. Howard et aledollec
additional information about classroom participation through 22 student and five teacher
interviews. The researchers found that nontraditional students made two or more
comments per class meeting, which was almost twice (40.4% as opposed to 20.7%) the
number of comments made by the traditional students. The authors did not remark on the
types of student responses but only on why students do not participate in classroom

discussions. The four main reasons nontraditional students gave for not contributing in

class were the following: “feeling that | don’t know enough about the subject (50%)
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had not done the assigned reading (35.3%), large size of class (30.9%), and feslings t
my ideas are not well enough formulated (29.4%)” (p. 17).

Many of the articles (Blair et al., 1995; Schlogimann, 2006; Trueman &eyartl
1996; Viskic & Petocz, 2006) included in my literature review detailed adult lsamer
various countries other than the United States. Through my literature seadchndidi
some articles about nontraditional students in the United States (Chao & Good, 2004,
Elliot, 1990; Howard et al., 1996), but research mainly from other countries were more
relevant to my study.

Preservice Elementary Teachers’
Beliefs about Mathematics

Since my research will concentrate on the nature of nontraditional ancbtratliti
preservice elementary teachers’ thoughts and perceptions about mathanthtics
mathematics teaching, it is only natural to include a section about presserentary
teacher’s beliefs about mathematics. | discuss some overarching vatygeseavice
teachers demonstrate about mathematics and various views on specifiatdbatls i
100, Math 200, and Math 300 classes, the classes from which | solicited participants for
my pilot studies and dissertation. Ball (1988), Cooney (1985), and Philippoiu and
Christou (1998) discovered varying preservice teachers’ beliefs about matsema
which centered on ideas such as procedural beliefs, conceptual beliefs, hatred of
mathematics, and enjoyment of challenges. Ball (1990), Crespo and Nicol (2066n D
(1951), Eisenhart et al. (1993), Glidden (2008), Gliner (1991), Tirosh and Graeber (1989;
1990), Wheeler and Feghali (1983), and Yang (2007) detailed examples of preservice
teachers’ beliefs about Math 100 topics, such as addition, subtraction, estimation,

division, and multiplication. Adi (1978), Canada (2006; 2008), Canada and Makar
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(2006), Dollard (2006), van Dooren et al. (2002), and Zazkis and Liljedahel (2002)
examined preservice teachers’ beliefs about Math 200 concepts such as algebra
probability, and data analysis. Battista et al. (1982), Charles (1980), Martin ezld Ha
(1989), Mayberry (1981), Soto-Johnson, Cribari, and Wheeler (2009) conducted research
on Math 300 geometric topics, such as shapes, proofs, symmetry, geometry
facts/conceptual understanding, and spatial visualization, respectivelg.foiltwing
paragraphs, | will describe work conducted by researchers about mathemgénsial,
number sense, probability/data analysis, algebra, and geometry.

General Mathematics.

Preservice teachers’ views about mathematics in general can varghblytitem
person to person. Some may love mathematics, while others may find it their worst
subject. Researchers, Philippou and Christou (1998), conducted a mixed methods study
through a three-year investigation of preservice elementary teachitusiesttabout
mathematics. Their research included the following questions:

1. What are the attitudes towards mathematics of prospective primary
teachers entering University Education programs?

2. Can the attitudes of candidate teachers be altered by mathematical
experience in their preparatory program?

3. Do changes in beliefs for preservice teachers vary by individual
characteristics (p. 194)?

Philippou and Christou (1998) administered participant (the sample size ranged
from 128-160) surveys at the beginning, in the middle, and at the end of the participants’
courses in mathematics content and methods. In addition, the researchers iatkerview
participants. Below are sample survey items.

1. | detest mathematics and avoid using it at all times.
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2. | have never liked mathematics.

3. | enjoy doing problems, when | know how to do them.

4. |would like to spend more time at school working on mathematics (p. 197).
Philippou and Christou discovered the most common reasons for participants liking
mathematics were the following: “it [mathematics] develops mentatiabil(47%), it is
practical and useful (39%)), it is interesting and challenging (35%), amdecessary for
modern life (35%)” (p. 198). The main reasons for not enjoying mathematics were, “I
was afraid of it (29%), because of poor teaching (27%), and lack of teacher enthusias
(25%)” (p. 198).

One preservice teacher in the study (Philippou & Christou, 1998) discussed how
her beliefs formed from the ideas that mathematics is only about righ¢@ngwmother
participant expressed the view that the “proper way to learn mathehfptie®2) was to
memorize rules and facts, where answers were right or wrong. One pregamnticipant
believed that “mathematics will hunt me forever” (p. 202). The only positive response
came from a preservice teacher who said that mathematics was like g jolurne
interesting experiences, where “I felt more confident when | rebtizat even great
mathematicians did mistakes as frequently as I did” (p. 202).

Teachers may view certain ideas about mathematics as either paboedur
conceptual in nature and these viewpoints may influence the way they teach rntiathema
In Ball's (1988) study, she investigated preservice teachers’ betiéfisav beliefs
influence mathematics teaching. Through analysis of preservice tgagsponses to a
project about permutations, she found several prospective elementary teachees! beli

knowing mathematics involved calculating right answers without any knowledgeyof wh
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the procedures worked. Cindy, a preservice teacher, echoed these sentlmeargbev
talked of high school and how performing procedures made her a good mathematics
student, though she did not understand the formulas. Two other preservice teachers
mentioned mathematics knowledge as time-consuming, frightening, and unnerving.

Unlike Ball's (1988) work, Cooney (1985) investigated a preservice teacher who
loved conceptual mathematics. Cooney conducted a case study of a preservare teac
named Fred to examine his beliefs about mathematics and mathematics teaching.
Through a series of seven interviews that lasted approximately 45 minuteBreaich,
described aspects about mathematics and mathematics teaching. @rehezsaried
the content of the interviews. With the initial two interviews, Fred answeredansest
that came from a prescribed interview guide. The next two interviewsstechsif
content that addressed Fred’s responses from the earlier meetings. It tinéshiview,
Fred analyzed his previous responses and synthesized his ideas from all four past
sessions. The sixth and seventh interview also addressed Fred’s ovestdithatihe
detailed throughout the research. Cooney discovered that Fred believed mathtematics
be “useful, logical, axiomatic, fun, and hard” (p. 327). Fred felt that mathematics
consisted of problem solving activities like puzzles.

Number Sense and Operations.

Besides understanding about preservice teachers’ beliefs about mateemati
general, | also feel it is important to know about preservice teachers'sbaielumber
sense and geometry since this is the focus of the Math 100 and Math 300 courses,
respectively. Yang (2007) examined preservice teacher approaches to solgtnghgue

about number sense. The 15 participants consisted of five mathematics majors, five
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language education majors, and five elementary education majors. Yauajexbtlata in

the form of interviews that included 12 questions relating to number sense ideas, such as
estimation, benchmarks, and fraction size. The examples below represemif 3tang’s
interview questions.

1. Without calculating, circle the best estimate for 103 x 487?
(1) 100 x50 (2) 103 x50 (3)100x 48

2. Without calculating, order the following numbers from smallest to largest:
13/38, 0.966, 7/29, 0.4828, 17/16, 8/15

3. What's the reasonable estimate of 616233.275 (p. 295)?

The author scored the responses based on accuracy and classified the amsaseint
the following three categories:

1. Number sense-based (NS-basdthe participant’s strategies could be
identified as one of the following groupings: “understanding the meaning of
numbers, operations and their relationships,” “recognizing relative number
size,” developing and using benchmarks appropriately,” or “judging the
reasonableness of a computational result by using the strategies ofiestima
(p. 295).

2. Rulebased The participant solved problems procedurally with no conceptual
knowledge of the algorithms.

3. Wrong explanationThe participant was unable to describe their reasoning
process.

Through his research, Yang (2007) discovered that preservice teachers preferred
procedural work when trying to decide the size of numbers. Ten out of the 15 participants
resorted to common denominators or decimal equivalents to answer these questions.
When Yang asked the participants to solve the problem in a different way, almosff none
the participants could think of another method. Similarly with estimation questions, the

participants utilized computations instead of estimation strategies to fisdlth®sns.
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Twelve of the 15 preservice teachers used the division algorithm to ansvetinzatien
guestion about division with decimals.

Tirosh and Graeber (1989) also investigated preservice elementary teachers
number sense beliefs, specifically about multiplication and division. The authors
conducted a study of 136 preservice elementary teachers enrolled in eitlibematias
content or mathematics methods course designed specifically for undergraduat
elementary education majors. The participants answered the following siglication
and division statements as true or false with explanations of their reasoning.

1. In a multiplication problem, the product is greater than either factor.

2. The product of .45 x 90 is less than 90.

3. In adivision problem, the quotient must be less than the dividend.

4. In adivision problem, the divisor must be less than the dividend.

5. The quotient for the problem 60/.65 is greater than 60.

6. The quotient for the problem 70/ Yz is less than 70 (p. 81).

The preservice teachers also completed either 16 or 21 problems that consistadyof m
division and multiplication problems. The researchers interviewed approximaely on
half of the participants about division and multiplication questions.

Tirosh and Graeber (1989) discovered that a “majority” of preservice teacher
held the belief that the “quotient must be less than the dividend,” while some also
believed that “multiplication always makes bigger” (p. 91). The authors claimed tha
preservice teacher mistakes with multiplication and division problems are dweeléak

of conceptual knowledge the preservice teachers have about the two operations.
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Tirosh and Graeber (1990) also conducted a study of preservice elementary
teachers’ thinking about division. They discovered that 12 of 21 participants described
division in terms of the partitive model, where sharing or equally distributing among
individuals was the focus of dividing. Other preservice elementary teacher o@biouts
division included the partitive and measurement model, the inverse operation of
multiplication, and the written procedure. The authors cited other reasons fovigeeser
teachers’ misconceptions about division, such as, “thought only of whole numbers,
assumed that with decimals it [division] works in the same way as with naturdders,
found the decimals confusing and misleading, and conclusions from the standard
algorithm” (p. 103).

On the number sense topic of order of operations, Glidden (2008) conducted a
guantitative study of 381 preservice elementary, early childhood, and special@ducat
teachers who enrolled in a mathematics content course. He studied how pasticipa
solved five multiple choice problems that involved order of operations. The five
problems included the following:3%, 2x 3 +5,3+4x2,9—-4+ 3, and 24/2 x 3" (p.
132). Glidden administered the five problem (no calculator) exam on the first day of
class. The author found that less than one-tenth of the participants completed the four
order of operations problems successfully. More than 50% of the preservicegeache
correctly answered only two or fewer problems. In addition, approximatelfiftimef
the participants could not solve the problem involving multiplication and addition
correctly.

Within the scope of order of operations, a researcher could investigate preservice

teachers’ beliefs about division; Ball (1990) is an example of such a resetndali’s
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study, she investigated 217 preservice elementary teachers’ and 35 peesecvitdary
mathematics teachers’ beliefs about mathematics/writing, matiesrteaching/writing,
and students’ learning. All the preservice participants completed questionndiileshe
researcher interviewed a sample of the preservice teachers. Topicsaddnethe
research consisted of “rectangles and squares, perimeter and areaalplaceubtraction
with regrouping, multiplication, division, fractions, zero and infinity, proportion,
variables and solving equations, theory and proof, slope and graphing” (p. 451).

Through her work, Ball (1990) discovered that half of preservice elementary
teachers in her study liked mathematics and believed they were good at niahema
More than one third of them thought they were bad at mathematics and avoided it as
much as possible. Preservice elementary teachers believed division wesik ipic
to comprehend. No elementary preservice teacher in her study appropredattya
representation for 1 % divided by %. Most of the preservice teachers did not understand
that dividing in half was a different mathematical idea than dividing by Y2d8gsi
struggling with division, most of the participants could only discuss division in terms of
round food items like pizzas and pies, the most common representations one might
generate with division.

Researchers, such as Dutton (1951), examined number sense in regards to the
operation of arithmetic. Dutton asked preservice elementary teacheietalaut their
attitudes (both good and bad) about arithmetic. Two hundred and eleven preservice
teachers responded to the prompt. By grouping responses as favorable or unfgvorable (
85), the author found that the most common negative responses about arithmetic included

the following: “never taught the reason why, disassociated from life aral sseige,
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pages of word problems, boring drill, and poor teaching” (p. 86). The most common
positive responses towards arithmetic consisted of “always enjoyed etiithvary good
in it, enjoyed arithmetic because of good teachers, vital subject in the edeyrsatiool
curriculum, and enjoyed advanced mathematics after having some diffictiity
arithmetic” (p. 88).

As another example of research that involves arithmetic, Eisenhart1338) (
conducted a two-year case study of eight preservice K-8 teachers witraMsldDa
preservice teacher, at the center of their work on preservice teachtsr fletiat
procedural and conceptual knowledge of mathematics. The researchersdddisesbn
plans, student handouts, classroom observation data, and three sets of interview data
about such topics as beliefs about mathematics, pedagogy, and teaching. Msf&aniels
that arithmetic, “basic skills like addition and subtraction, multiplication andialivis’

(p- 14) is comprised of memorization of rules, where a student does not have to
comprehend the procedures. Ms. Daniels’ own understanding of decimal multiplication
was procedural, and she complained about the confusing conceptual instruction she had
received on the topic in college. On the other hand, Ms. Daniels considered “doing
mathematics” (p. 14) to involve conceptually understanding mathematics, though she
never defined what doing mathematics entailed.

Other topics in Math 100 classes consist of concepts, such as estimation and
understanding mathematics vocabulary such as zero. Gliner (1991) investigated the
estimation capabilities of 141 preservice elementary teachers and foundrnéetlly the
participants struggle with the topic. Preservice teachers scored a 90%veraan only 1

out of 25 estimation problems. An additional finding was that preservice teachers
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performed significantly better on application problems than computational proltems.
Wheeler's and Feghali’'s (1983) work about preservice elementary tédmblests about

the number zero, they discovered that many preservice teachers do not understand the
concept of zero. The researchers conducted a qualitative study of 52 preservice
elementary teachers, where 47 were female and 5 were male. The pagieipalled in

a mathematics methods course designed for elementary education majorer\Ackel
Feghali administered an 18-item test on division, as well as conducted intewittvihe
participants. In the findings, the preservice teachers often did not recogrozasza

number, did not divide with zero correctly, or did not classify using zero. The following
statements detail some of the participants” responses about zero.

1. Zero is the number found between -1 and +1 on the number line.

2. Zero is a number that indicates nothing.

3. Zeros is nothing; no objects.

4. Zero is the dividing point between positive numbers and negative numbers.

5. Zero keeps us from getting confused (p. 151).

Another study regarding a concept about zero included Crespo’s and Nicol's
(2006) research about division by zero. The researchers’ research questiomg were t
following:

1. How do prospective elementary teachers respond to the questions of division

by 0 before they have opportunities to discuss their ideas or investigate the
topic?

2. How do prospective teachers participating in two different instructional
interventions respond to the question of division by O after their explorations

(p. 86).
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The participants consisted of 32 preservice teachers with 18 enrolled in a post
baccalaureate teacher program and 14 enrolled in an undergraduate eletaaciary
education program. All participants enrolled in a mathematics education taugbe by

one of the authors and completed an assignment about division of zero. The authors gave
the first task to the post baccalaureate preservice teachers, whicherbatss video of a

child answering questions about dividing by zero. The post baccalaureate stinelents
answered questions about the students’ responses and how they might teach the child to
understand the concept. The undergraduate participant group watched and answered
similar questions to the first group but also investigated the topic outside ofcctasise

at their answers.

Crespo and Nicol (2006) found that only 5 of the 32 participants could initially
provide a correct explanation for why division by zero does not work. Fifteen of the 32
preservice teachers answered the question correctly but could not explaieabeirimg.
Below is a sample response that illustrates incorrect thinking about divisi@ndy z

When | think about it, I'm not really sure what the answer is. | should know what

5+ 0is. It seems that it would be 5 because when you divide 5 into nothing, the

answer should stay the same...I then think the answer is 0. I'm a little confused

now and I'm not sure what | would say to teach this to my students (p. 88).

Algebra.

Algebra, along with probability/data analysis, is one of the main toscsissed
in Math 200. In the following paragraphs, | describe word conducted by Adi (1978), van
Dooren et al. (2002), and Zazkis and Liljedahl (2002) about preservice elementary

teachers and the topic of algebra. Adi (1978) conducted quantitative resear@b wit

preservice elementary teachers using the following research hypotheses:
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On reversal equation solving, subjects at the early formal operational stage
will perform at least as well as those at the late concrete operaitagal

who in turn will perform at least as well as those subjects at the early
concrete operational stage.

On formal equation solving, subjects at the early formal operational stage
will perform at least as well as those at the late concrete operattagal

who in turn will perform better than those subjects at the early concrete
operational stage.

Differences in mean performance scores between reversal and formal
eguation solving are greater for the early concrete group than for the early
formal group (p. 206).

Adi (1978) collected data in the form of a written 15 multiple choice test about

balancing a beam, a 5 question pre-test over solving equations, and a 12 question post-

test over solving equations. Between the pre-test and post-test, the regeandded

the treatment, which included five classes focused on solving equations. The specific

objectives for the course consisted of the following two goals:

1.

Given an equation with one unknown, and the unknown occurring only once,
the subject will find the solution set by applying inversions through the
cover-up method.

Given an equation of one unknown, the subject will find the solution set by
applying compensations to both members of the equation, and the subject
will also check whether the numbers defining the solution set satisfy the
given equation (p. 208).

Through the results of the 15 question test over the balance beam, Adi (1978) dlassifie

37 participants at the “early concrete operational stage,” 26 participants'latehe

concrete operational stage,” and 12 participants at the “early formal opataiage” (p.

208). Adi performed a one-way ANOVA with the three classifications ofgyaaits and

discovered a significant F-ratio of 7.1 wygh< .01 (p. 211). Results showed with formal

solving of equations that the mean scores of preservice teachers grouped ander lat
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concrete operational thought and early formal operational thought were sigthfic

higher than the mean scores of early concrete operational thought pai¢p&titl).
Besides equation solving, the researchers, Zazkis and Liljedahl (2002)d studie

another aspect of algebra, namely patterns. They examined how 36 presemisaaly

teachers made sense of a pattern of numbers. The researchers gave ifhenpaitio

weeks to explore a pattern and write about their conjectures on the following questions
1. How can you continue this pattern?

2. Suppose you continue it indefinitely. Are there numbers that you know ‘for
sure’ where they will be placed? How do you decide?

3. Can you predict where the number 50 will be? 150? And how about 867 877
1877 3927 73867 5467

4. In general, given any whole number, how can one predict where it will appear
in this pattern? Explain the strategy that you propose (p. 383).

The researchers selected 4 of the 36 participants to interview further abotiiahght
processes provided in their journal writings.

Zazkis and Liljedahl (2002) found that participants’ attempt to utilize adgebr
styles of symbolism seemed unproductive. Participants more easily could dmsruss
generalizations than write these generalizations in algebraic, teiith made the
participants uneasy about their “incomplete” solutions (p. 400).

Van Dooren et al. (2002) further studied preservice elementary teacleas’ i
about algebraic thinking in a comparison mixed methods study with presemiceiagy
teachers. They compared the thought processes of these two groups with@espect t
solving problems involving addition and algebra. Ninety-seven preservice teachers
participated in this Flandish study with 62 classified as elementary ands3ffield as

secondary. During the first part of data collection, participants answeredri2 w
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problems (6 arithmetic- and 6 algebra-based). Below is an example of anialgairch
problem.

A furniture factory uses large and small trucks to transport 632 beds from

England to Germany. A large truck can carry 26 beds. A small truck can carry 20

beds. In the truck convoy that transports the beds, there were 4 more small trucks

than large trucks. How many trucks of each type were in the convoy (p. 327)?

Findings related to algebra showed that preservice teachers strugglediviitt the
algebra problems. Additionally, the secondary preservice teachers performetettec
on difficult algebra problems than the preservice elementary teachers.

The second data collection sequence consisted of six word problems from the part

one material along with three correct solutions per problem. The presendoertea
ranked the solution strategies based on how well they liked the techniques utilized, as
well as provided reasoning for their selections. Through use of a multivariate ANOV
van Dooren et al. (2002) found that preservice elementary did not support one global
technique for solving all problems; they preferred arithmetic techniquesifiometic
problems and algebraic techniques for algebra problems.

Probability/Data Analysis.

The other major concepts taught in Math 200 are probability and data analysis. In
the following paragraphs, | detail the research of Canada (2006; 2008), Canada and
Makar (2006), and Dollard (2006) with preservice elementary teachers and
probability/data analysis. Dollard qualitatively investigated 24gmese elementary

teachers’ ideas about probability. In particular, he examined the followsegnah

guestions.

Q1A How do preservice elementary teachers think about situations involving
fundamental concepts of probability?
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More specifically,

Q1B How do preservice elementary teachers think about situations involving
simple probability, the law of large numbers, compound events, and
conditional probability? (p. 8).

Each of the participants in Dollard’s (2006) research were enrolled imbenu
sense course designed for preservice elementary teachers. None ofdhegerésachers
had completed the probability course designed for preservice elemeatetngits.

Dollard interviewed each participant for about an hour, where preservice geacher
answered probability questions about “traditional paper-based mathematicsngroble
involving probability,” as well as game based activities, such as “cards, dice,rspome
bags of colored beads” (p. 9). During the game scenarios, participants miideope
and then carried out the scenarios.

Dollard (2006) found that one third of the preservice elementary teachers could
not correctly define probability or do simple probability problems. | listeadibworrect
responses about the definition of probability in the following quote.

Amber said that, “I think it means the different outcomes that can happen .. from

an event or a specific happening. All the different answers you can get.” The

remaining participant, Jessica, said that probability was “whether ofqigbing

to happen.” (p. 148)

In addition, Dollard (2006) commented “more than three fourths of the
participants did not have an adequate understanding of theoretical probability,
experimental probabililty, and/or the law of large numbers” (p. iii). Jesgaa a
provided an example of an incorrect answer. The dialogue shown below consists of a

discussion between Jessica and Dollard about the probability of rolling a two on a six-

sided die.
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Jessica: "Six? cause there's 6 sides. So, .. or maybe, five? Six or five? Cause, |
SO ...

Interviewer: Think about it, just think out loud, whatever you think about it.

Jessica: Then | would say that the probability of rolling a two would be . mm you
have ... six shots;.. five shots at it, or six shots at it. Six cause there's six
sides, but, if you're counting the two, .."

Interviewer: Yeah, there's six sides.
Jessica: So, yeah” (p. 151).

An additional researcher who studied the beliefs about probability with preserivc
elementary teachers was Canada. Canada (2006) qualitatively exampred&®ice
elementary teachers’ probability answers to survey instruments. Cgaaelthe
preservice teachers enrolled in a course designed for preservice tegoresirvey
about flipping 6 groups of fair coins 50 times, an instructional probability intervention
and a post-survey about spinning 6 groups of partial black and partial white spinners 50
times (p. 2). After each data collection, the researcher interviewed 10vmeseachers
about their logic in responding to the surveys.

The instructional interventions consisted of class activities over dagatoor,
graphing, and probability scenarios. A sample activity, “the Known Mixturevidyctiis
listed below.

The band at Johnson Middle School has 100 members, 70 females and 30 males.

To plan this year’s field trip, the band wants to put together a committee of 10

band members. To be fair, they decide to choose the committee members by

putting the names of all the bad members in a hat and then they randomly draw

out 10 names (Canada, 2006, p. 2).

Canada (2006) coded the responses in one of four ways, ranging from incorrect answer

and explanation (Level 0) to correct answer and explanation (Level 3). The results

showed that more participants gave correct responses and justification intteerpeg
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than in the pre-survey (11 versus 2, respectively). Over half of the partgcjpatified
their responses by activities they completed in class.

In a later study, Canada and Makar (2006) compared their qualitative disserta
findings about preservice elementary (Canada) and preservice secondagystea
(Makar) ideas about variation, respectively. Both researchers utiliz¢dgtse post-tests,
and interviews. Canada’s study comprised of 29 preservice elementaryseMdiar’'s
work consisted of 17 preservice secondary participants. In Canada’s workppat§ci
analyzed boxplots and histograms to discuss variability, while the participaviekar’s
research analyzed dotplots. Findings suggested that preservice teaapsrpgssessed
an “intuitive” feel for variation and utilized similar terminology in describgigen data
sets, such as “clustered” and “scattered” (p.7).

In 2008, Canada again conducted qualitative research with preservice algment
teachers. He investigated the thought processes of 58 preservice eleteactaeys and
50 middle school students on the concept of data distribution. The researcher gave the
participants a scenario about two trains that travel between two sp#e#sc “For 15
days (and at different times of the day), data are gathered for timepttekes on each
of the trains” (p. 2). Canada wanted to see whether or not the participants believed the
hypothesis that there was “no real difference between the two trains béwads¢éa
have the same means.” (p. 2).

Canada (2008) collected data in the form of the participants written i@namck
classroom discussion data. The researcher found that 20 of the 58 preservice teachers
initially believed the hypothesis, while 16 of 50 middle school students also agreed.

Some responses included justifications, such as “Because the averagesaanethars]
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“Each train had the same average time” (p. 3). The second main finding centered on the
fact that the most number of participants who disagreed with the hypotheseslutiliz
reasoning about distributions.

Geometry.

Besides Math 100 and 200 concepts involving number sense, algebra, and
probability, | incorporated some research on preservice teachers’ ablfsgeometry,
which is the focus of Math 300. Mayberry (1981) investigated the geometry knowledge
of 19 preservice elementary teachers through two interviews. During ¢éin@ems, the
researcher gave each participant questions of varying difficulty based omtHeela
levels. Mayberry found that 70% of the preservice teachers’ response patterns who
completed high school geometry scored below the third van Hiele level. Atllevel |
learning, individuals should be able to construct proofs with logical reasons for @ach st
of their proof. Many preservice teachers struggled with properties of geostepes.

For example, 12 of the 19 participants did not believe that a right triangle hadsa large
side, and 7 out of the 19 preservice teachers did not believe that a right triangle had a
largest angle.

Battista et al. (1982) also conducted research on geometry. At the beginning and
end of a geometry course for preservice teachers, the authors administeredulee P
Spatial Visualization Test: Rotations to preservice elementary tsadiee test consisted
of 30 questions about visually rotating figures. In addition, the preservice te&oble a
modified version of the Longeot test of cognitive development with questions that
address proportional and combinatorial reasoning. Battista et al. founkelt@i t

preservice elementary participants increased their scores on spaidikaison tasks
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after completing the geometry course, where spatial visualizatioa e@®ponent of
several of the class activities.

With the concept of symmetry, Charles (1980) conducted a four-day study with
18 preservice elementary teachers enrolled in a mathematics/methods ndut2e a
second graders. The research focused on “the issues of whether teathertramed to
use “E or C moves” in a teaching situation and whether the use of these moves by
teachers facilitates concept acquisition” (p. 11). “E moves” refer to eXerapbn
moves, where teachers may present examples or counterexamples about a“€ncept
moves” are characterization moves, where teachers may statd celateelated aspects
of a concept. The researcher randomly chose preservice teachers to be in a control or
experimental group. In addition, Charles randomly selected four second graderk to w
with each preservice teacher. Each preservice teacher participatadimgtsessions on
the previous Monday and Friday before the study. All teachers learned aboandbpts
they would be teaching, bilateral and rotational symmetry, as well asgberegntal
group learned how to teach students to use the E and C moves.

Students in Charles’s (1980) work took pretests and posttests over the symmetry
material on the first and fourth day of the study. During the second and third days, the
preservice teachers each taught rotational and bilateral symmetrystectred graders
the researcher had assigned to them. Charles found that preservice tesmihers
significantly more exemplification moves classified as examplesdbanterexamples.

In addition, the author discovered that “for unidimensional concepts teachers paturall

use C moves related to the relevant attribute” (p. 18).
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One of the most recognizable concepts with geometry is the idea of proofs, which

Martin and Harel (1989) studied at the preservice elementary level. MadiRarel

guantitatively examined 101 preservice elementary teachers’ concegiionsproofs.

The authors’ research questions consist of the following:

1.

Do preservice elementary teachers accept inductive arguments as proof of
mathematical statements? Are their evaluations of inductive arguments
dependent on their familiarity with the statement?

Are preservice elementary teachers more convinced by some types of
inductive arguments than others?

Do preservice elementary school teachers accept that a deductive argument
constitutes a mathematical proof? Are their evaluations of deductive
arguments dependent on their familiarity with the statement?

Are students’ judgments of an argument influenced by its appearance in the
form of a mathematical proof—the ritualistic aspects of proof—rather than the
correctness of the argument?

How do students view deductive arguments presented in the particular case,
that is, mathematical proofs in which the parameters are changed to specific
numbers?

Is the acceptance of inductive arguments and deductive arguments as
mathematical proofs mutually exclusive” (p. 42).

All participants enrolled in a sophomore-level mathematics course. Poeservi

teachers examined proofs to rate whether they considered the proofs valid or tiot. Mar

and Harel (1989) found that several preservice teachers rated inductive and deductive

arguments as correct proofs, no matter the context. In addition, the auttreats stat

“students who correctly accepted a general-proof verification also shtugle levels of

acceptance of a particular proof (using specific numbers)” (p. 49).

Others investigated the types of geometric knowledge preservice teesftest

on in written assignments. Soto-Johnson et al. (2009) conducted a mixed methods study
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of 55 preservice teachers who enrolled in a mathematics geometry conteatfoours
elementary education majors. Their research questions included the following:

1. Do written reflections in a geometry course designed for prospective
elementary teachers affect their performance on content related to the
reflections? i.e. the null hypotheses are:

a. Preservice elementary teachers who reflect on activities wibbypers

well on related warm-up exercises as participants who do not reflect on
activities.

b. Preservice elementary teachers who write strong reflectionpavithrm as
well on related warm-up exercises as participants who do not write strong
reflections.

c. Preservice elementary teachers who reflect on activities latee in t
semester will write comparable reflections to those written byggaatits

who reflect earlier in the semester.

2. What experiences, intentions, and perceptions do preservice elementary
teachers’ share through written reflections to guided questions pertaining t
geometry lessons (p. 1)?

Data collection consisted of “a pre-test, 7 written reflections, 14 warm-upise®rd
quizzes, 2 tests, and a final comprehensive exam” (p. 3). Results that arenpéotimy
study include qualitative findings about how preservice elementary teaefiecs about
geometry. Most (54 out of 55) preservice teachers sometime reflectedladout t
discovery based mathematical learning in a procedural fashion, using algooitfiaets.
Forty percent of the participants expressed their ability to see connectimegib¢he

class material and the real world.

Inservice Elementary Teachers’
Beliefs about Mathematics

From my literature search, | found two articles about inservice alanye
teachers, Thompson (1984) and Raymond (1997), which play key roles in my dissertation

work. These two articles are case studies, similar to mine, that invedagahers’
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perceptions about mathematics. | also detail work about inservice eleyrteatzhers

from Ambrose (2004), Collopy (2003), Sztajn (2003), and Ma (1999). Ambrose, Collopy,
and Szatjn conducted case studies of inservice elementary teachers indédeSthtes

with varying opinions about mathematics that ranged from procedural to concemual. M
conducted research with inservice teachers from the United States and Chielataad f
United States’ elementary teachers often lack the mathematics kgewlexy need in

order to understand mathematics conceptually. Chinese teachers, on the other hand,
possess a deep understanding of mathematics that includes conceptual knowledge with
multiple teaching strategies.

Thompson (1984) conducted a four-week comparative case study of three seventh
and eighth grade teachers named Kay, Lynn, and Jeanne and documented diserepancie
between their thoughts and beliefs about mathematics and mathematics teaching
Participants taught at least three years at their current graetel/volunteered for the
study. Thompson observed the three participants’ teaching each day for theo Wee
second two weeks of her study consisted of the same daily observations but with
subsequent teacher interviews. As a form of triangulation of her researchtdatgppson
asked the teachers to answer six written prompts about their beliefs about atiathem
and mathematics teaching throughout her work.

From her research, Thompson (1984) found that Kay believed mathematics is a
difficult, thought-provoking discipline, where one can reason logically to arrive at
answers and use mathematics as a science tool. Mathematics to Kayespawveling
with new discoveries affecting the scope of the discipline. Lynn felt mattiheswas full

of procedures and methods that individuals can use to arrive at right answers.
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Mathematics to Lynn cannot change and is free from interpretationsativitye Similar
to Lynn, Jeanne believed mathematics is fixed and certain with no inconsst&ime
also talked of mathematics as interrelated, logical, mysterious, and ibipaedully
understand.

In a comparable study to Thompson’s (1984) work, Raymond (1997) conducted a
10-month case study of six first and second year elementary teachers ahdligisir
about mathematics, mathematics learning, and mathematics teachirzgitiitve
gathered teacher belief information for each participant through sevenentgrfive
classroom observations, a survey questionnaire about mathematics befiegtspact to
teaching, and documents. The documents consisted of items, such as lesson plans and a
concept map about the participants’ connections between mathematics beliefs and
teaching. Through a review of literature, Raymond developed a visual mapping of how
inservice teacher beliefs about mathematics and mathematics teiatliegce one
another, which provided a theoretical framework for her research. In hey Rayipond
took an in-depth look at one of the six teachers, a fourth grade teacher named Joanna, and
her beliefs about mathematics and how they related to her mathematics teaching

Joanna (Raymond, 1997), a second year teacher, decided to teach mathematics
because she felt there was not much preparation needed on her part to teach the subject.
As a child and college student, Joanna loathed mathematics so she felt she had to put on a
fake persona to cover her dislike for the subject for her own students. In her analysis
Raymond found that Joanna believed mathematics was a fixed discipline that was

predictable and full of rules, rote memorization, and problem solving, which matched
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well with a nonstandards aligned view of mathematics. Joanna attributed hisr belie
about mathematics to her experiences as a student.

Not all inservice teachers share Joanna’s nonstandards aligned views. &dmbros
(2004) conducted a longitudinal study of four preservice Danish teachers who obtained
their first teaching positions. Christopher, one of those four participants, fedtulants
who are good at mathematics should be able to “systematize, plan, delimit open
problems, reflect on their own learning, have the ability to cooperate, indeperfaehtly
solution strategies and models, and relate critically [to information and prepl@. 9).

Collopy (2003) detailed another example of teachers with standards and
nonstandards aligned beliefs of mathematics using a case study of twaeseachers,
Ms. Clark and Ms. Ross. Ms. Clark was a fifth-grade teacher with 26 yearsesfexce,
while Ms. Ross was a fourth-grade teacher with 11 years of experientogpyCmillected
data in the form of 28 interviews and 41 classroom observations about Ms. Clark’s and
Ms. Ross’s experiences with a new reform mathematics curriculum. Fromvatses,
the researcher found that Ms. Clark stressed to her students her mathdrabgisaof
speed and accuracy of rules, algorithms, and computations. Ms. Clark shared her opinions
about mathematics during an interview.

Math is like a game. If you listen carefully, listen to the instructions, lyleain

how to play the game, and it is a game. It's learning the patterns to it. Téere a

certain methods, techniques. Once you learn those, you know how to do it (p.

295).

On the other hand, Ms. Ross (Collopy, 2003) felt mathematics did not have an
obvious structure. The new reform curriculum helped Ms. Ross change from teaching

a nonstandards aligned fashion that emphasized procedures and correct answers to a

standard based routine that utilized conceptual understanding of mathematics and
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reasoning skills. As with the traditional text in previous years, Ms. Ross tallthe
reform curriculum carefully. The reform program provided several aesvitivolving
manipulatives, one of the key reasons Ms. Ross agreed to adopt the material. Thus, Ms.
Ross easily adapted her lessons to fit in with a reform minded classroom.

Sztajn (2003) also conducted a case study of two inservice teachers, Teresa and
Julie, who held opposing views about mathematics. Teresa, a third grade teacted, def
mathematics as a set of rules that students must remember and praailgdemP
solving, critical thinking, and other higher-order thinking skills” (p. 62) also chaizete
mathematics, but she focused her teaching on the former list. The other insseie t
in Sztajn’s work was Julie, a fourth grade teacher. Julie emphasized miatkeana
problem driven and a set of memorized rules.

As an international example of number sense research, Ma (1999) found inservice
teachers of different nationalities varied in their mathematics knowlddg discovered
that Chinese teachers held conceptual understandings of subtraction, mudiplicati
division, and geometry ideas unlike the United States teachers. Most Unitedd State
teachers felt that learning procedural tasks, such as “borrowing” for sudsir&tihing
up digits” for multiplication, and “invert and multiply” (p. 108) for division was
sufficient knowledge for these topics. On the other hand, Chinese teacherseskfilai
rationale for each mathematical topic and often implemented multiple novepstsato
solve problems.

Preservice Elementary Teachers’
Beliefs about Teaching Mathematics

Since my research question also consists of the nature of nontraditional and

traditional preservice elementary teachers’ beliefs about matheneatatsng, |
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incorporate a literature review section on research related to presdenuentary

teachers’ views about teaching mathematics. The three main areasabnsist
standards/nonstandards aligned mathematics beliefs, the role of the,teadlsenses.

Ball (1988), Beswick (2006), Borko et al. (1992), Crespo (2003), Eastman and Barnett
(1979), Eisenhart et al. (1993), Fuson (1975), Harding-DeKam (2005), and Mewborn
(1999) conducted research about preservice teachers’ standards and nonstandard based
beliefs. Ambrose (2004), Ball (1988; 1990), Cooney (1992), and Vacc and Bright (1999)
investigated preservice teachers’ beliefs about the role of the tea¢heralassroom.

Gellert (1998; 2000) discovered findings about preservice teachers’ attitudeddow
entertaining mathematics and their necessity in the classroom.

Standards and Nonstandards Aligned Mathematics Beliefs.

Teachers often possess certain beliefs about mathematics thahdaedsand
nonstandards aligned, which can change as time progresses. Beswick (2008gdanduc
guantitative study of 94 preservice elementary teachers enrolled in tbieamidl second
mathematics components of their education program. The following are Beswwok’
research questions:

1. What is the net impact of the first and second mathematic education units on
the attitudes and beliefs of preservice teachers?

2. Which aspects of the units are most effective in positively influencing
preservice teachers’ beliefs” (p. 38)?

Data collection consisted of participants’ answers to pre-tests ancepbetdults to a
nine-item belief questionnaire about mathematics myths. Two myths consist8drok

people have a maths mind and some don’t. Maths requires a good memory” (p. 40).
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Beswick also collected data through a 21-item survey about perceptions about
mathematics and mathematics teaching. Below are three sample items
1. |l am interested and willing to use mathematics in everyday life.

2. Ateacher’s energy and enthusiasm for mathematics can positively irdluenc
students’ attitudes to mathematics.

3. Animportant aspect of mathematics teaching is engaging children in
interesting mathematical investigations (p 43).

During the second course, the participants took the two mentioned tasks againaas well
a survey about the usefulness of different topics addressed in their mathemasies cour
The author administered all three as pre-tests and post-tests. Besvyzke@tize data
through paired sampleégests.

Over time, the results (Beswick, 2006) showed that preservice teachersadcreas
their agreement to the survey item “telling students the answer igeativef way of
facilitating their mathematics learning” (p. 41). This may seem to comiflth another
result that found the participants decreased agreement with the survéméatdmamatics
is such a precise subject that there can only be right and wrong answers” (phéd). Ot
results included the following:

the need for sequential planning of mathematics teaching focused on establishing

connections between mathematical topics, the value of using strategies ather tha

teacher demonstration followed by practice, the role of concrete materiaés i

development of students’ conceptual understanding,...the effectiveness of group

work in learning mathematics (p. 42).

Harding-DeKam (2005) conducted a mixed methods study of 289 undergraduate
preservice elementary teachers that addressed an aspect of myrresgaeservice

elementary teachers’ beliefs about teaching mathematics. Her aziwas to construct

and validate the Prospective Elementary Teacher's Mathematics andiégtand
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Beliefs Survey instrument, but she also discovered findings related to rky wor
Specifically, her second research question, “What is the impact of the prespecti
teachers’ attitudes and beliefs measure by the Prospective Elembedahers’
Mathematics and Attitudes and Beliefs Survey instrument” (p. 215), resulted in inding
about nonstandards and standards aligned mathematics beliefs thatdedetail
Harding-DeKam constructed the Prospective Elementary Teacheriatics and
Attitudes and Beliefs Survey instrument, which consisted of the following four defsca

1. The prospective teachers’ personal confidence about mathematics

2. Usefulness of mathematics content

3. Perception of former teachers’ attitudes and beliefs about mathemalitys abi

4. The prospective teachers’ attitudes and beliefs on teaching mathemmatics t
elementary students (p. 3)

Participants took the survey three times, at the beginning of their mathematics
education class, after five weeks in the mathematics education course, andrairing
first year of employment as a teacher. Through an ANOVA, Hardingabe{R005)
found the following results:

Teachers believe they can teach mathematics concepts to elensardants, no

longer view mathematics teaching as challenging to them, believe thésacdn

low achieving students in mathematics, and believe mathematics should be taught

through hands-on manipulatives (p. 217).

In Mewborn’s (1999) study, four preservice elementary teachers observed a 4th
grade classroom for a semester. The researcher interviewed elaelpafticipants, as
well as collected group interview information, journals, and observational neadhia.

After a semester in the elementary classroom, the preservice s&ehelgan to create

ideas about teaching beyond their personal knowledge. Mewborn included dialogue from
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Ashleigh and Hanna, two preservice teachers, who had differing views almhin¢ea
mathematics. Ashleigh believed there is a point where you tell studentshatgotdt

solve problems. Hanna felt that students understand mathematics better wheveyou ha
them struggle to learn the concepts and do not tell the students the answers.

In Borko et al. (1992), the authors analyzed a preservice teacher’s lesson about
fractions and discussed her beliefs about teaching. The initial studytedrsfigight
preservice teachers, but the researchers’ concentrated on one presaerharenzaed
Ms. Daniels. Ms. Daniels, a senior elementary education major, utilized hgrdact
experiences as a mathematics student, methods student, and student teachehéo shape
views about mathematics teaching. During a lesson about division of fractions, she coul
not decide how to show her students a concrete example of division so she finally had her
students use the invert and multiply algorithm. After the lesson, Ms. Danielsnexpla
the researcher that she was trying a concept from her methods class, dinevsla
multiplication problem instead of a division problem. Borko et al. expressed concern
about Ms. Daniels’ mathematics background knowledge and her lack of desire to
understand why the division algorithm for fractions works.

As time passed and she progressed in her student teaching, Ms. Daniels (Borko et
al., 1992) incorporated her own teaching experiences into her teaching philosophy about
mathematics. Ms. Daniels believed good mathematics teaching includedbréshl-
application problems, fun lessons, and straightforward explanations of the logic behind
procedures. She also expressed how mathematics needs to be visual for students so the

can “see or touch” the mathematics (p. 206).
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In a later study conducted by Eisenhart et al. (1993), Ms. Daniels expressed he
views about teaching procedurally and conceptually, “I consider mysely pretellent
in arithmetic, because | know how to manipulate the numbers and | use the processes a
lot. I've had a lot of practice” (p. 17). Ms. Daniels felt that teachers rmeasisist
students by teaching them procedures in detail to perform arithmetic operatiahe
allowing them to practice until “they [the processes] were engraved irbtaais” (p.

15). With conceptual learning, Ms. Daniels did not articulate how teachers naggit as
students in discovering mathematics. She felt students could learn conceptuathg but
unclear on how to go about helping students who might struggle with non-routine
mathematics.

Teachers could help students gain this conceptual understanding of material by
presenting mathematics in various ways. Ball (1988) discovered that preseadbers
believed that they as prospective elementary teachers should know multipl® \salse
problems because “different people understand different examples” (p. 16)vieeeser
teachers also felt that it was one thing to comprehend mathematics togicarkelf and
a completely different thing to teach someone mathematics. Ball found thavimese
teachers who were successful in mathematics tended to be less likelyabaatre
alternative strategies in teaching mathematics than those prospeattiers who
struggled. The preservice teachers who did not have good experiences with meshemat
intended to teach differently yet did not have any optional lessons or ideas.

Even though preservice teachers might struggle with teaching altstrasgyies,
they can learn and mature in their teaching techniques. Crespo (2003) found geeservi

teachers’ values about teaching change over time. She investigated thaf types
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mathematics word problems that preservice elementary teachersrieitpertant to

give to students. As her research evolved, the preservice teachers moved fran simpl
procedural problems to open-ended problems with multiple solution paths. Even though
preservice teachers differed in their mathematics capabilities, ai giréservice
elementary teachers posed easy, computational problems at the beginninguafythe s

With the concept of manipulatives, Fuson (1975) conducted research with 16
preservice elementary Master’s level teachers enrolled in a matibhefimathematics
methods course. She examined the effects of manipulative use on preservice glementa
teachers. Fuson analyzed responses to such data collection techniques as sigyey ite
interviews, teaching experiences, and written reflections about matbg@icepts.

She found that preservice elementary teachers in mathematics/mathenethods
courses wanted to use manipulatives in their future teaching of mathematics. The
participants also explained mathematics topics via manipulatives. Onepaantisiated,
“I think I truly understood borrowing and carrying as exchanges for the firstwinile
using the Dienes blocks” (p. 62).

Even though the actual use of manipulatives increased interest in the use of
manipulatives in the classroom (Fuson, 1975), Eastman and Barnett (1979) examined
how preservice elementary teachers could learn vicariously through dertionstvath
manipulatives instead of physically moving them. The preservice teaghersnly
watched others utilizing manipulatives did as well as participants who gaisal

manipulatives and completed their work in a shorter period.
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Senses.

Teachers oftentimes employ multiple teaching methods that utilizenssude
different senses, such as seeing, touching, and hearing, to make mathemat#ssiegte
for their students. These beliefs can influence how they instruct a classbatlert
(1998) found preservice teachers, like Ms. Daniels (Borko et al., 1992; Eisenhart et al
1993), feel fun mathematics classes are important for students. Gellertteohaluc
gualitative study of 42 prospective elementary teachers in Berlin, Germany. H
investigated the participants’ views about mathematics, pedagogy, studais)taree
mathematics teaching. All the preservice teachers in the study weliee@mm Gellert’s
seminar entitled, “Why teach mathematics?-Conceptions for mathemdtication in
primary school” (p. 29).

As a part of the course, Gellert (1998) had the prospective elementary$eacher
journal about nine topics that included such ideas as “their [preservice elgmenta
teachers’] beliefs about mathematics and mathematics education,’ctheeptions for
future teaching,” and “the participants’ mathematical biographies” (p. 2erG
reviewed the participants’ writings several times to generate twar themes, “having
fun in mathematics class,” and “conceptions of a child-centered learniog@tare”
(p-33). Ariane, one of the prospective teachers, explained her concern for teaching
mathematics in the following way:

From personal experience as a pupil, | already know how I do not want to teach

mathematics. What | am lacking is only the idea of how to teach mathetoatics

students in primary schools in a nice and amusing way (p. 33).

In a later article about the same study but with additional findings, GE&G£0)

also found preservice elementary teachers seek teaching materialstdaechgithat are
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“funny and motivating rather than mathematically substantial” (p. 266). Cekpressed

the need to make mathematics “invisible” (p. 259) to the students. Thorsten, one of the 42
preservice elementary teachers commented, “In mathematics claaiesnatics should

be wrapped up in a way that students do not become aware of the fact that mathematic
taught” (p. 259). Stephanie demonstrated the importance of mathematics. She wrote
about how unnecessary certain topics in mathematics like graphs and calculus (p. 260)
are so teachers should skip those areas of mathematics. Additional themés Geller
included in his work consisted of the idea that mathematics should be applicable for
students, mathematics is important in daily activities, and mathematicalddgmnis
essential for survival in the world. Wiegel and Bell (1996) also found that preservice
teachers look for fun in mathematics. Tina, one of their participants, statedtihadter
activities involving mathematics can be fun. She commented, “We are having fun
playing. | don’t believe | said that in math class! (p. 1).”

Role of the Teacher.

Preservice elementary teachers view mathematics in different gk from
Cooney’s (1992) work, believed mathematics teaching involved “30% concepts, 20% to
30% problem solving, and whatever remains among the other things—discovering
generalizations, developing skills, and applications.” (p. 328). Some preserviterseac
as in Vacc’s and Bright’s study (1999), changed their beliefs about matheteatting
throughout their coursework and student teaching. For example, Helen believed the role
of a teacher was to assist students in learning mathematics from a sepmdetiVAs her
experience in the program grew, she began to think that a teacher should show students

how to solve problems. During her student teaching, Helen’s beliefs about teaching
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changed once more; she felt that worksheets might not be the best way to help students
learn mathematics. Ultimately, Helen believed the teacher wasdheator and

facilitator of mathematics learning, where teachers listen to stugeotdem solving
strategies and modify their lessons based on student feedback. Like Helen, Andrea,
another preservice teacher, felt that children develop problem solving ssdtegiare

useful, and teachers should listen to student strategies to gain valuablaiithorior

planning lessons. The most important concept about teaching in Andrea’s opinion is the
role of questioning to understand students’ thought processes.

Other ideas about preservice teachers’ beliefs about teaching involvealod ide
guestioning students and answering student questions. In Ball’'s (1988) studyeMaure
preservice teacher, felt that how and when she asked questions made arsignifica
difference in student responses. Others worried about answering studeming,@gtich
might involve responding to questions about why certain procedures work. Thus, many
hoped to teach lower grades since they felt their lack of mathematics knowledlge w
not affect their teaching in lower elementary. Cathy, a preservidegeizcBall’'s (1990)
study, also expressed concern about teaching mathematics, such as lomy @i
could complete the mathematics but was unsure whether or not she could teaals& beca
she felt unsure about her conceptual understanding of the topic and how she would
approach teaching the subject.

Even though preserve teachers may feel they have a plan for teaching cancepts t
students, their plan may not fit in with the students’ mathematical abiktrebrose
(2004) found similar answers with her research of 15 prospective elementasréeac

who took a common mathematics course and mathematics methods course. Ambrose
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collected data through interviews, participants’ printed work, surveys, and fielsl not
Kathy, one of Ambrose’s participants, shared her sentiments about teaching atiathem
to children.

| went into class that day thinking, “I'm so excited. I'm going to teach him thi

By the end of the hour, he’s going to know it and he’ll be able to do it forever.”

And it didn’t happen that way, so | guess to just keep that in mind and to know

that it's not going to only take an hour for a child to understand a concept (p.

108).

Nina, another preservice teacher in Ambrose’s study, expressed whedirsteel [from
working with elementary children in the mathematics methods course. Nina caedment
“Teaching is not me giving the information, and then them absorbing it, but rathey givi
them the tools that they need to learn on their own. | think that's probably the most
important thing that | learned” (p. 109).

Other preservice teachers in Ambrose’s (2004) work felt that the mathematic
methods course taught them that preservice elementary teachergeddmievel need
sound mathematical understanding to be successful. Cindy, one of her participants,
shared these feelings.

| want to teach young children, so | didn’t think | needed to know a whole lot of

actual mathematical skills and | really disagree with that now. In cyd=mhe up

with a creative way to teach it, you need to understand what you're talking about

and you need to have the math skills to do that (p.114).

At the end of the course, Ambrose (2004) found that all the preservice teachers
believed that teachers should know multiple strategies to teach children ratitiem

Some even related how teaching through multiple strategies helped studeiats gai

conceptual understanding of mathematics.
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Inservice Elementary Teachers’
Beliefs about Teaching Mathematics

Even though my research consists of preservice elementary teachersgénservi
elementary teachers’ beliefs about teaching mathematics that adrgetdards and
nonstandards aligned beliefs provide useful ideas that can be adapted for interview
guestions. Clarke (1997), Collopy (2003), Raymond (1997), Skott (2001), Sztajn (2003),
and Thompson (1984) conducted case studies of inservice elementary teachers and their
beliefs about teaching mathematics. The participants in these studiedembo$ione to
three individuals with teaching styles from algorithmic to discovery basedpeért
(1990) detailed her own teaching experiment that involved a social constructivist
teaching atmosphere. Puchner, Taylor, O’'Donnel, and Fick (2008) and Moyer (2001)
investigated how inservice elementary teachers utilized manipulatives ¢ragsroom.

A teacher’s philosophy about instruction influences various facets of their
classroom etiquette. Thompson’s (1984) comparative case study of three seventh and
eighth grade teachers is one such article that details teaches bblett mathematics
teaching. The author discovered that Kay, Lynn, and Jeanne, the three particigants, ha
three different views of mathematics teaching. Kay believed that rsastheuld create
an inviting and appealing classroom atmosphere, where students feel free tmquesti
conjecture, and hypothesize. From Kay’s view, teachers should be supportive of student
interaction in the classroom, where students can openly ask questions and digcuss the
opinions about mathematics topics. When students spoke incorrectly, Kay asked probing
guestions to help the students understand their errors. On the other hand, Lynn felt that
mathematics instruction consisted of students observing their teachenperfor

mathematics procedures with students methodically working problems involving the
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rules. Lynn’s ultimate goal in teaching consisted of her students solvimgmatics
problems using procedures. In her view of mathematics teaching, Jeanne sinesse
orderly classroom, where the teacher is in control of classroom discourse amdspres
material in a precise method. Jeanne had an inflexible lesson plan, which she
implemented on a daily basis. Thus, she believed students should listen to her
explanations and questions instead of creating their own beliefs. Another aspect of
mathematics teaching Jeanne emphasized was the idea that students needandinders
the logic behind the mathematics procedures they use in class, which is diftarent
Lynn’s rote memorization she proscribed in her class.

Certain teachers, such as Lampert (1990), took a standards aligned approach t
teaching that mirrored Kay’s approach to instruction in Thompson’s (1984) work.
Lampert taught exponents in a guided discovery orientated atmosphere, Wheradie
students freely asked questions, conjectured, and defended their solutions to the class
Lampert investigated the art of teaching mathematics through a teacpiegment
using a standards aligned approach. Lampert never told her students the;aasie,
she and her class discovered strategies and helped each other succeed. Fosky her w
Lampert found that fifth grade students are able to reason with mathematiastégd |
their conclusions without having the teacher explain each step. Students freedy lea
exponents in a nonstandards aligned format, where the author eliminated the need for
procedures and memoaorization.

Similar to Lampert’s (1990) ideas about teaching, Collopy (2003) found aeteach
named Ms. Ross who valued standards aligned beliefs of teaching. Collopy conducted a

case study of two inservice teachers, Ms. Ross and Ms. Clark, who valued standards
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aligned and nonstandards aligned beliefs of mathematics, respectiveRos4s like
Lampert, focused her class discussions on students’ solutions and reasoning skills. M
Ross’ students worked to “collaborate, diagram, write, and discuss problem-solving
strategies, observations, and solutions” (p. 300). During an interview at the end of the
school year, Ms. Ross expressed the value of multiple strategies for stadeinigle
| think that what we were really focused on this year was helping them uindersta
that there are many different ways to solve a problem...I mean there were
strategies for problem solving that we taught in the other math curriculum, but |
don’t think we were open to having them explore and come up with different
ways of solving problems” (p. 304).
Ms. Ross also expressed the need for mathematics to be fun for students.
| think this is silly, but | want them [the students] to say math is fun. Bedhls
have a philosophy at all it's to help them relax with math because | think when
any of us, adults or children, are uptight about a subject it's very hard to penetrate

and understand. But, if you are relaxed, then you’re more open to learning (p.
303).

On the other hand, Ms. Clark felt she should “walk the students through”
(Collopy, 2003, p. 296) the mathematics algorithms and rules. Ms. Clark sometimes drew
pictures or provided manipulative demonstrations to help students understand the
concepts. Oftentimes, she just hurriedly repeated the procedure until the studdrthe
error in their thinking. Ms. Clark then gave students time to work individually on
homework. When questioned about the use of multiple strategies and conceptual
explanations, Ms. Clark explained that these additions to a lesson confused students and
thus excluded them from her lessons.

Sztajn (2003) also conducted research with two inservice teachers, Teresa and

Julie, who held varying views about mathematics teaching. Teresa coresbntrat



64

mathematics lessons on drill and memorization of facts and procedures. Shenteanme
on the value of an orderly classroom over problem solving.

As a teacher, the things that | get very frustrated about when we try to wdrk on t

higher thinking skills [is that] (...) sometimes you have such a large @nge

levels that the kids are dealing with, that when you go to do an activity...It's like

a third of them are with you, a third of them maybe has an idea of what you are

doing, and another third has no idea of what you are doing. And you are lost” (p.

62).

Julie believed that the NCTM (2000) standards helped her focus her teaching on a
problem driven classroom, which she commented about in an interview.

TheStandardss really helping me re-focus my teaching. I think that | always

knew that | wanted to teach in a problem-solving, creative-type way. But in math

I've always been more tied to the textbook than in any other subject. Just because

of that belief in getting the basic facts down, which I still think is importunt |

think that | really like the de-emphasis on, oh, doing thirty-five long-division

problems and things like that” (p. 65).

In addition, Julie expressed her need for making mathematics fun for her students. She
believed that activities and manipulatives help students to see the enjoyment in
mathematics. Projects are another way that Julie challenges students to thinkeaatkge
discussion in her classroom.

With Raymond’s (1997) 10-month case study of six first and second year
elementary teachers and their beliefs about mathematics teachingthttvedascovered
findings about inservice teachers’ beliefs structures that characttamards and
nonstandards aligned ideologies. In her study, Raymond took an in-depth look at one of
the six teachers, a fourth grade teacher named Joanna, and her beliefs aboutmathe
and how they related to her mathematics teaching. For Joanna, her beliefsaadiig te

mathematics incorporated a hands-on approach using manipulatives and sevenal differe

types of activities with varying solution strategies. Joanna, similarria Lty
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Thompson’s (1984) work, felt she had to be the one to explain mathematics to her
students. She attributed her beliefs about teaching mathematics to higrgteach
experiences.

Puchner et al. (2008) qualitatively examined 23 K-8 inservice teachersf use
manipulatives in lesson development and implementation that originated from a summer
mathematics institute. Data collection consisted of each participanitenweport about
the institute and detailed lesson on mathematics. The mathematics lessordisakide
items as a lesson plan, teacher notes, and student work. The researchers developed
categories and selected excerpts about manipulatives. Sixteen of the 2@gudstici
discussed manipulatives in their reports. A common statement included comkeents i
“Manipulatives can bring a whole new understanding to a mathematics concept. Simply
using paper representations of brownie pans can give the students a better unaigrstandi
of fractions and dividing portions” (p. 316).

Puchner et al. (2008) also found teacher reflections that described how some of
the inservice teachers utilized manipulatives in their classrooms, but the stdidembt
use them as learning tools. The students calculated their answers using psoaadur
then tried to make the manipulative answer match their solution. Other teachers
discovered that the manipulatives became more of a hindrance to the studemtgj.lear
Students became confused about their use in activities and often wasted eadsgrign
to figure out the manipulatives’ usefulness.

Moyer (2001) conducted a qualitative study of 10 middle grade teachergdnroll
in a mathematics institute for middle school teachers. The researcheneddo what

extent inservice teachers utilized manipulatives in the classroomcalbdetion
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consisted of “teachers’ interviews, teachers’ and students’ audio-tapedizegrons

during classroom observations, fieldnotes of teachers’ and students verbal and nonverbal
behaviors during classroom observations and the self-report postcard regffonses
teachers’ lessons” (p. 180).

Moyer (2001) found teachers utilized manipulatives in 53 of 67 class lessons with
hundreds boards, color tiles, and snap cubes as the three most often used manipulatives.
Teachers employed manipulative use for lessons on various topics, such as solid
geometry, area, percents, prime numbers, place value, and equivalent fractions. When
guestioned about the use of manipulatives in class, the teachers often commeénted tha
manipulatives made mathematics fun for students. Denise, one of the participaats, sha
how she had to teach “real math” everyday and could not teach “fun math” (p. 187) with
manipulatives on a daily basis. She stated, “I can’t do manipulatives every day... Th
kids sometimes need that kind of structure where I'm in the front of the class ared wher
they're sitting there working” (p. 188). Joan, another participant, commented how she
structured manipulative use in her classroom. The following quote includes ititorma
on how Joan utilizes manipulatives on Fridays or at the end of class.

Friday is free time...that’s the time they can just explore whatever timegcca

with the blocks. | make it available for them to use...when we have free time on

Fridays, or the last 15 minutes of class, if they've kept up with their work. It's

their incentive to work (p. 188).

Even though teachers may feel that manipulative use is important for
understanding, they may adapt their teaching delivery to fit a particats af students,
which may be in conflict with their personal beliefs about teaching. In Skott’s (2001)

work, he found that Christopher, a novice teacher, approached teaching diverseotlasses

students differently. From a surface analysis of Christopher’s teachioty,f&kthat a
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researcher might believe that Christopher’s views about teaching anduaikteaching
styles conflicted. Skott saw Christopher’s teaching differently. Helfelt@hristopher
adapted his teaching delivery to meet the needs of the students in each clasme&dmeti
the students needed more of a funneling approach, while other class’s matilematic
ability levels allowed them to be able to discover the material in a concemdnakr.
Skott commented on these differences in detail.
To be more specific, when students’ mathematical learning was Chris®pher’
primary interest, he struggled to establish one type of interaction chienradtey
support of their individual construction of mathematical concepts and skills, and
he tried to create a conception of what counted as mathematics that included the
process of developing independent solution strategies to given tasks. On the other
hand, when his activity was primarily directed at other and more general
educational goals, e.g. building student confidence, his contribution to the
interaction was dominated by these other goals (p.24).
Group work is yet an additional concept that preservice teachers expressed
opinions. In Clarke’s (1997) case study work, he investigated two Gradehérsaad
their evolving roles as mathematics teachers in a standards aligestaia.

Specifically, he addressed the following two research questions:

1. In what ways does the role of the teacher change when a unit of instruction
based largely on nonroutine problems is used?

2. What factors influence the process of change, and what is the nature of these
influences” (p. 278)?

Primary data collection consisted of classroom observations and teachaewser

Clarke (1997) coded the data and created themes based on his findings. He found
that Bartlett, one of the two teachers in the study, enjoyed student group work lzécause
her own experiences in mathematics classes. As a student, Baiilett tanfidence

about her mathematics abilities but was willing to listen to other studategges, which
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helped her become a better student. This finding seemed out of place, when taking into

account the following statement she made before teaching:
| find myself more intrigued with the idea that | don’t necessarily have tothave
answer—that | can work with the kids and that that's an okay thing for them to
see, too, that I'm struggling with the problem too (p. 287).

She also felt that the strong mathematics students liked helping the other students

understand the concepts.

Importance of Literature
to Dissertation

The literature informed my dissertation in multiple ways, includingarese
guestions, interviews, coding, and analysis. Initially, | utilized LaBdsKag cited in
Griffin, 2003) work to frame one of my research questions. LaBoskey classified
preservice teachers based on how they reflected. For my researchirnesatirar
aspects of preservice teachers’ attitudes and beliefs, such as standaralsssanatlards
aligned mathematics, so Raymond'’s (1997) study fit well. From Raymond’s study
utilized some of her interview questions about mathematics such as, “What do you think
mathematics is all about,” and “What most influences your mathematicsBeljpf
555). In addition to interview questions about beliefs about mathematics, Raymond had
survey items that pertain to teacher beliefs about mathematicsrnbatparated into my
interviews. For example, Raymond asked inservice teachers to rate the degree
mathematics was “dynamic/static, absolute/relative, and prediciatgasing” (p. 561).
From survey items like these, | can ask preservice elementary teduobetrsheeir
feelings towards mathematics. Raymond’s questions and survey items reltalithv

the types of questions | addressed in my own research. In addition, | found tyrics
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in the literature, which mirror my code words and themes, such as standgmds ali
nonstandards aligned, and socio-cultural influences.

With my research, | based several of my interview questions about teaching on
Raymond’s (1997) interview guides, such as, “What do you think is the most effective
way to teach mathematics” and “What are the three most important chatmstef
good mathematics teaching,” (p. 555). In addition to interview questions about beliefs
about mathematics, Raymond has survey items about teacher beliefs of mathemati
teaching that | incorporated into my interviews. For example, Raymond ask#twhe
“good mathematics teaching entails, or depends on a good textbook/use of manipulatives,
teacher direction/student participation, explicit planning/flexible lessodsh@lping
students to like mathematics/helping students to see mathematics as (ps&68). |
formulated these ideas into interview questions for my dissertation. The asthor a
addressed the use of manipulatives with students, which is a subject | atdldresge
interview questions. With my analysis of the data, | created modelsistmRaymond’s
that illustrate the impact of certain “influences” (p. 551) on preservice tsablediefs
about mathematics and mathematics teaching.

Even with studies on specific needs of nontraditional students, | have not found
any research about how nontraditional students view specific subjects ongeddttave
also not seen any research related to nontraditional and traditional presemchezde
Through my research, | will address this gap in the literature.

Summary
In my literature review, | focused on the key issues of adult learners,

preservice/inservice elementary teachers’ beliefs about mathepzatet
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preservice/inservice elementary teachers’ beliefs about mathsnestching. Through
these areas of the literature, | molded my research question, sub-questragw
protocol, and data collection.

Nontraditional students face several obstacles in attending college, including
family and financial concerns. To help them overcome these hurdles, adult leaterers of
need motivational support systems from friends and family, as well as hanpport.

Even though nontraditional students suffer from certain hardships that traditionatstude
might not, they can succeed in mathematics courses and contribute to classroom
discussions.

With articles about preservice elementary teacher’s beliefs about naaiterh
discovered that preservice elementary teachers hold varying opinions about lings fee
towards mathematics. Some felt that mathematics consisted of prodadenay, while
others held to a conceptual knowledge that went beyond rules and memorization.
Throughout the literature, | found articles that addressed Math 100, Math 200, dnd Mat
300 topics, such as multiplication, division, estimation, probability, algebra, and
geometry. By analyzing these articles, | have a sense of the tymspohses preservice
teachers may give to my interview questions. | can pose questions to the pasticipa
based on the literature, such as the questions in Raymond’s (1997) work about inservice
teachers’ beliefs about mathematics and mathematics teaching.

My last major area of the literature included articles about presengeefice
beliefs about mathematics teaching, a component of my research questiontidleth ar
about preservice elementary teacher’s beliefs about teaching matseingdiscovered

that personal experience plays a key role in how preservice teachers think about
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mathematics teaching. Even though prior experience is important, preseacicersecan
change their beliefs about how they plan to teach. Not all preservice teththiebout
mathematics teaching similarly. In the literature, | found that soaohées plan to teach
mathematics procedurally, some conceptually, and some procedurally and calhzept
Preservice teachers often feel mathematics lessons should be fun, nohaatbst or
mathematical value in the lessons. Some prospective elementary teechlerike to
teach using multiple strategies but are not familiar with alternatiategtes to the way
they learned mathematics. Preservice teachers who believed matheestictng would
be difficult for them commented that they hoped to teach lower grades so thitakeir
of mathematical knowledge would not affect their students’ learning. Bg usi
manipulatives, some preservice teachers felt they comprehended mathdratér than
they ever had in the past.

For inservice teachers, articles about their beliefs about mathemathse
included varying opinions and styles of teaching from procedural to conceptual. laservic
teachers have experimented with teaching experiments, where theyaatitators in
the classroom to aid students understanding of mathematics. Besidegifardltss
discussion, inservice teachers undertake class activities that involve harpjs-aaches
to teaching, such as manipulative work. As a similar concept to teachergitaddes;
inservice teachers have utilized group work in the classroom in ways that promoated g
learning.

In the following chapter, | detail my two pilot studies with comparisons and

contrasts between them discussed in-depth. | also describe how the pikx studi



influenced my dissertation plans, including an extensive discussion about my

methodology.
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CHAPTER IlI

METHODOLOGY

Introduction
In this chapter, | summarize my two pilot studies from fall 2007 and spring 2008

semesters, as well as my dissertation methodology. One significanedhany
dissertation work is the exclusion of LaBoskey'’s (as cited in Griffin, 2008pcdes of
thinkers. Though these findings are informative, | found Raymond’s (1997) article of
value to my dissertation work because of its broad scope of mathematics and teacher
classifications. Thus, | modeled my dissertation work after her work. lolibg/ing
paragraphs, | document my pilots’ research questions, research design, r&dionale
study, document collection, quality of research, analysis, and findings. | alssslisow
my pilot studies influenced my dissertation work with the primary purpose of thptecha
devoted to delineating the methodology of my dissertation.
Research Questions

For my first pilot study, | conducted a comparative case study (Merriam, 1998)
during the fall 2007 semester with two participants enrolled in Math 200. | answered the
following qualitative research question and sub-questions:

Q1  What is the nature of traditional and nontraditional preservice elementary

teachers’ experiences and perceptions about mathematics and the teaching

of mathematics?

Q2  What is the nature of nontraditional and traditional preservice elementary
teachers’ reflections on algebra, data analysis, and probability?
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Q3 How do nontraditional and traditional preservice elementary teachers
perceive mathematics and mathematics teaching as described by
LaBoskey’s (as cited in Griffin, 2003) categories of alert, pedagogiudl, a
concrete thinkers?

For my second pilot study, | conducted research during the spring 2008 semester

through a comparative case study (Merriam, 1998) of eight participants dnnodither

Math 100 or Math 300. Since | did not teach all the preservice teachers, | decided not to
use reflections as a means of data collection. In addition, | implementsdroiea
Raymond’s (1997) work, which contained an expansive foundation to discuss preservice
teachers. Therefore, my research question and sub questions were:

Q1  What is the nature of traditional and nontraditional preservice elementary
teachers’ experiences and perceptions about mathematics and the teaching
of mathematics?

Q2 How do nontraditional and traditional preservice elementary teachers
perceive mathematics as described by Raymond’s (1997) work with
standards aligned and nonstandards aligned mathematics?

Q3 How do nontraditional and traditional preservice elementary teachers
perceive mathematics teaching as described by Raymond’s (1997) work

with standards aligned and nonstandards aligned mathematics teaching?

Overview of Research
Design

With both pilot studies, | implemented comparative case studies as my
methodological framework (Merriam, 1998). Creswell (2007) defines case ssehrch
as “a qualitative approach in which the investigator explores a bounded system or
multiple bounded systems over time, through detailed, in-depth data collection involving
multiple sources of information, and reports a case description and case-bas=i them
(p. 73). Each of my pilot studies consisted of two bounded systems (traditional and

nontraditional preservice elementary teachers) over a semester lestigation at a
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doctoral granting university in the western United States. Since | avemtenderstand
the differences between traditional and nontraditional preservice teadsas about
mathematics and mathematics teaching, the use of qualitative case apypd@siately
fit my research. Below is a table that summarizes my two pilot studiesome of their
similarities and differences. In the following paragraphs, | will provideszription of
each pilot study and their distinguishing characteristics.

Table 2

Summary of Pilot Studies

Pilot Number of Course Data collected Dates of interviews
study participants

2 Math 200 3 interviews, field #1--Sept. 2007
(1 traditional and notes, written #2--Oct. 2007
1 nontraditional) reflections, and #3—Nov. 2007 (via

researcher journal email)

Il 8 Math 100 2 interviews, #1-- Feb. 2008
(4 traditional and or Math participants’ final ~ #2--April 2008
4 nontraditional) 300 grades, and
instructors’ teaching
philosophies

In Pilot Study I, | investigated responses of one nontraditional (34-year-old)
prospective elementary teacher and one traditional (21-year-old) prospaetnentary
teacher. | interviewed participants on three occasions and observed themNfatheir
200 classes. | also collected the participants’ reflective essaysdeb mathematics and
mathematics teaching. | transcribed the interviews and coded the dathtteefimes.
After my initial coding, | recoded the data in Microsoft Word and created additional

codes.
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In Pilot Study II, my participants included 4 nontraditional (ages 25 to 42)
prospective elementary teachers and 4 traditional (ages 19 to 21) prospectieptaty
teachers. | interviewed each two times and obtained final grades and teaching
philosophies from their respective Math 100 or Math 300 teachers. | collectedddkahe
and transcribed interviews for both pilot studies. | created tabMgnosoft Wordthat
contained several of the existing code words from my first pilot studyekhasnew
code words found in the second pilot study transcriptions.

In Pilot Study I, | conducted two of the three interviews in a mathematics
department conference room at the university during the semester. The #rivbnt
consisted of email conversations between the preservice elementagrsesmuh myself.
When questions arose about participants’ answers for the third interview |écthai
preservice teachers and received timely responses. | conducted this thidwntea
email instead of in person because the third interview was a refigugice similar to the
participant's reflective essay assignments. The participants alsorehfnformation
from previous interviews so | felt an email interview would be sufficienth\iiy
second pilot study, | carried out the two participant interviews in the sathemmatics
department conference room as in the first study.

Participants.

For Pilot Study I, | conducted a comparative case study that consisteal of t
preservice elementary teachers enrolled in Math 200 under my direction durfaly the
2007 semester at a mid-sized doctoral granting university in the western Uatiesl 8
my second pilot study, | conducted a comparative case study that consistgd of e

preservice elementary teachers enrolled in Math 100 or Math 300 during the spring 2008
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semester at the same university. Both sets of participants self-iei@tiémselves as
either traditional or nontraditional on the same form, which | created that included
information about name, instructor name, age, and contact information (see Appendix A).
| solicited participants on an individual basis (see Appendix B for informed consent
form) based on predetermined criterion (Creswell, 2007) that consisted of agder, ge
and Math 100, 200, or 300 instructor. According to the registrar’s office at the uniyversity
females comprised approximately 94% of the population of elementary educetjors
in 2007. Thus, | only selected women as participants.

For my first pilot study, | also chose prospective teachers who were alyslight
different ability levels based on my classroom observations. Both participarkisdv
hard in class and utilized help from other prospective teachers in the classetfrimy
order to understand the concepts. | chose the pseudonyms Tina and Naomi for the
traditional and nontraditional preservice teachers, respectively. Only orevices
teacher, Naomi, completed a class from me in the past. Even though Naomi and Tina
took my class, they enrolled in two different Math 200 classes that | tauglhites#
requirements allowed me to have a varied sample and “describe multiple peespecti
about the cases” (Creswell, 2007, p. 129).

My second pilot study consisted of a pair of traditional and nontraditional
prospective teachers from two different Math 300 instructors, since thezenater
enough traditional and nontraditional preservice teachers from the same afdbs. F
Math 100 participants, | chose all four participants from the same Math 100 tostruc
which helped to control for any teacher effect influencing the knowledge of the

preservice teachers. | chose the pseudonyms Dr. Ramirez and Ms. Hernatluez for
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Math 300 and Math 100 teachers, respectively. | also selected the pseudonyas Nadi
Nicole, Natece, and Natalie for the nontraditional participants and Treabiha,
Tamera, and Tara for the traditional participants. The table below suremariz

demographic information about all the participants as well as class informati

Table 3
Pilot Study Participant Information
Preservice teacher Age Pilot study Mathematics Mathematics
(Lorll) course instructor
Naomi 34 I Math 200 Wheeler
Nadia 42 Il Math 300 Ramirez
Natece 25 I Math 300 Wheeler
Nicole 25 I Math 100 Hernandez
Natalie 27 I Math 100 Hernandez
Tina 21 I Math 200 Wheeler
Tracey 21 Il Math 300 Ramirez
Tara 19 I Math 300 Wheeler
Tabitha 19 Il Math 100 Hernandez
Tamera 21 Il Math 100 Hernandez
Setting.

In my Math 200 classes, | used Beckmann’s (2007) text that provides a
conceptual understanding of mathematics concepts and procedures, asliustt@es
common mathematics misconceptions (see Appendix C for sample questions from my
final). I also utilized activities that a previous Math 200 instructor used ihitepthe

course. This was the first time | had taught the course so | relied on the Mathu28® c
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coordinator and experienced teachers for advice. My Math 200 teaching conseated of

overview of the day’s material with activities for preservice teadioansrk on in

groups. Preservice teachers sought help from each other, while | actedibistorfac

instead of lecturer in the classroom. As a part of my class, preservicentdey teachers

completed six to seven reflections (see Appendix D for a sample refledtiourt) a

mathematics and mathematics teaching of Math 200 concepts. The topics ranged fr

reviewing mathematics websites and sample lessons to reflectingssrledaons and

activities. Preservice teachers also presented a lesson (see Appeordixidédlines) that

included activities and homework on probability to the class.
In Math 100 and Math 300 classes, preservice teachers learn mathematics in a

guided discovery based learning environment. Ms. Hernandez, the full-time fexftail

the Math 100 participants, described her teaching philosophy for Math 100 in the

following way.
For Math 100, | generally start out the semester lecturing mostly with grteye
activities since most students are more comfortable with that scenario. As the
semester progresses, | move toward using more and more group work with less
lecture. Over the entire semester, | try to phase in discovery leactiuigies so
students have time to adjust to new expectations. Almost all the activitiegl use
class involve the use of various manipulatives, and these activities are usually
geared at encouraging conceptual understanding. For new topics, | tend to focus
more on conceptual understanding before | introduce the basic algorithms. Then |
move on to discussing different strategies that are available. My mairs dgoal
students to move away from the idea there is only one way to find the correct
answer, and have them move toward the idea there is only one correct answer but
many different correct ways to get it.

Ms. Hernandez used Beckmann’s (2007) second edition text, as well as handouts, similar

to the book content, which a former Math 100 instructor created as supplementary

material (see Appendix F for sample questions from her Math 100 exams).
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Dr. Ramirez, an associate professor, also shared her teaching philosoplaytfor M
300.
Although our preservice elementary teachers are exposed to standareld align
mathematics courses in their first two semesters, it is not until Math 800uh
prospective teachers are fully immersed into standards aligned learhiag
along with the fact that geometry is new for many of our preservice elament
teachers makes the course challenging. In order to alleviate thratfarsthat
some students experience, | incorporate advanced organizers, refleatitesisy
guestions, and warm-up activities into the classroom. Through advanced
organizers, | inform students of the goals of the activities, which entail both
mathematics and pedagogical concepts. Through reflections/synthesisrguest
students express the mathematics and the pedagogical ideas that they hiea
completing the activities. Warm-up activities serve as a quick assestmboth
me and for my students, allow for discussions about misconceptions, and lead to
wrapping-up the activities. Although, this course follows a Socratic and
constructivist viewpoint, | am comfortable straying from this philosophy. For
example, | know which activities require a lecture, which activities reguitra
practice, and which activities require more attention to pedagogioakiss
My approach to teaching Math 300 included the same inquiry based text (Aichele
& Wolfe, 2008) as Dr. Ramirez, but | did not provide preservice teachers warm-ups or
reflection activities. On occasion, preservice teachers completed quizzélkreedo
four concepts and projects that included reflection questions and manipulatives, such as
compass/straightedge, paper folding, and Geometer’s Sketchpad. | occastahaied
in class but mainly gave the preservice teachers an overview of theatay’'before
they worked in groups to learn the material for themselves. If preseraideets
struggled, | looked for another prospective teacher at their table or in théodheds
explain the concept to them. If none of the preservice teachers at a table understood a
concept, | would scaffold the material so that the preservice teachesdeaa guided
discovery fashion. The semester of my second pilot study was the firsttonght Math

300 or any geometry related concepts. Dr. Ramirez coordinated Math 300 so dmnelie

her expertise in teaching the course by discussing lessons with her anchadifigd
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versions of her old exams (see Appendix G for sample questions from both of our final
exams).

Theoretical Perspective.

To understand the lens through which researchers conduct a study, they often
explicitly state the theoretical perspective (Creswell, 2007). Forgason, | outlined my
theoretical perspective of social constructivism in Chapter 1, which provided atform
about the influences of social constructivism on my research questions, analysis, and
interpretations of findings.

Researcher Stance

In any qualitative study, there are biases that may exist because of ttigij
in the research. Thus, it is important to state the researcher’s backgroustdrase to
have a sense of the values and perspectives the researcher is bringingniiaigh to the
research (Merriam, 1998). For these reasons, | also detailed in Chapteedeargher
stance that included information about my mathematics background, teacher
certifications, and belief systems about nontraditional preservice elemntgdahers.
Rationale for Study

The findings of the research will be important for mathematics educators who
participate in the training of prospective elementary teachers. Th&égchseay allow
mathematics educators to retain and help procedurally motivated presesmentiry
teachers succeed in the elementary education teacher program. In addhine, #fre a
significant number of traditional and/or nontraditional preservice teachers alho fe
procedural learning is more important than conceptual learning, mathencatoedcrs

can take steps to address these perceptions about mathematics learninglastes.
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Through my research, | might also find factors that influence traditionadrand/
nontraditional prospective teachers’ success in the program, which could infwinet
educators and universities about their teacher education programs. The findlifitys wi
the gap in the literature about comparing and contrasting traditional and nontraditiona
preservice teachers’ thoughts and perceptions about mathematics and nieghemat
teaching.
Data Collection

During my first pilot study, | collected data using Creswell's (2G0ud) basic
types of information, which consisted of interviews, audiovisual materials, docment
and observations. For my second pilot study, I utilized interviews, audiovisualatsateri
and final grades. Through the usual research-based consent, | gainedipetmissllect
information about the preservice elementary teachers who participated tadiels the
following paragraphs, | detail the different types of data collectioed usth examples
to provide clarity.

Interviews and Audiovisual Materials.

For Pilot Study I, | conducted three semi-structured interviews (Nerd898, p.
74) with each preservice elementary teacher. These interviews tookqlacdg the
beginning, middle, and end of the semester. | used the initial 5-7 minute int¢&eiew
Appendix H) to build relationships and establish questioning techniques. Some questions
involved ideas about group work, discovery learning, and central tendency. Sample
guestions included the following:

1. What do you dislike about discovery learning?
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2. Would you foresee yourself using activity based learning in your future
classroom?
3. Based on your responses, is there a different way you would have approached
teaching mean, median, and mode?
During the 30-34 minute second round of interviews (see Appendix I), | posed
guestions about the participants’ prior mathematical learning experienkes2 and
college. | also asked about the participants’ views on procedural and conceptiabteac
and learning. Students responded to some new questions, such as the following:
1. Are there any past mathematics teachers at the college level that stemd out
you as poor teachers? Explain why you would categorize them in this way.
2. If you had an elementary student who refused to learn conceptually, how
would you respond?
3. What do you believe are the main goals, or objectives, you should get across
to your elementary students during a mathematics lesson?
For the third interview (see Appendix J), preservice teachers answered questions
via an email questionnaire instead of face to face interviews because theténirigw
was a reflective piece similar to the participant's reflectiveyesssignments. The
participants also confirmed information from previous interviews so | feltremnl e
interview would be sufficient. The preservice teachers responded to questions about the
teaching experience in my class and about their responses from the previvisaste
Naomi’s third interview included questions similar to the following:
1. From previous interviews, you said that you like group work, to teach 50%

conceptual and 50% procedural, real world problems, have students put
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answers on the board, have fun lessons, and have students to not be afraid to
ask questions. Would you still agree with these statements?

2. If you did not include some of the above remarks in your answer, why did you

not?

With my second pilot study, | conducted two semi-structured interviews
(Merriam, 1998, p. 74) with each preservice elementary teacher. | did not wténeie
participants a third time because the third interview of Pilot Study | éacos
participants’ teaching experiences, which was not a component of the current
mathematics preservice courses. These interviews took place towardgitimenigeand
end of the semester. | asked questions during the initial 30 minute interview (see
Appendix I) that were similar to the questions in the second interview of thpilaist
study. From my first pilot study, | felt that the participants were mordatable
answering these questions than the first interview questions so | switclerdehef
guestioning. The only differences in Pilot Study I's second set of interviewianuseand
Pilot Study II's first set of interview questions included questions about matiesm
concepts designed specifically for Math 100 and Math 300 content, such as the following:

1. If an elementary student just could not understand the concept of equivalent

fractions, how would you further help him/her comprehend the concept?

2. Describe how you would teach an elementary student about shapes.

During the approximately 30 minute second round of interviews (see Appendix
K), | posed similar questions to the first round of interviews of Pilot Study¢luded

more detail in the second pilot study questions as seen in this example.
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1. Do you envision using group learning in your future teaching of mathematics?
a. In what ways?
b. Would you group students in same or different ability groupings?

In addition to detailed questions, | based the questions on responses that various
preservice teachers gave, such as multiple teaching strategies devgffahd teacher
organization as described in the sample questions.

1. Do you believe in using multiple ways to teach a concept?

2. How much should a teacher help students in solving problems?

3. Is teacher organization important to you? In what ways?

Document Collection.

In this section, | discuss the multiple forms of document collection in my two
pilot studies. | kept a research journal and administered preservice tedigations for
my first pilot study. Since | had a dual role as the researcher and te&thetwo
participants, | also had a researcher journal where | reflected orsearch progress and
my role in the research process. | reflected early in my research apbeglngs and
concerns with my case study research and interviews.

| am most interested with the case study design because | am thinking abgut us

a case study with my dissertation work that | will begin next year.. ¢ haver

conducted a case study or in-depth interviews so | think | will learn adgah

from class and the research...| am interested about reflections andrféeént

about my research question. | was not sure about my sample size, but the

instructor helped me decide on using only two individuals which lends to better

results that are more detailed.
Later in the semester, | reflected on my dual role as a researcher drat.teac

| will always try to keep in mind that | am the teacher and researcher. | do not

want to bias my results by acting differently to the pre-service teatttadrare
conducting interviews with me. If | spend time after every class reftgotn the
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class experiences, | should become more aware of my actions and curtail any
issues.

My second round of interviews confirmed to me my early assumptions about the
participants, which | discussed in one of my last journal writings.
The second interviews went a lot better than my first set of interviews nhdeé
confident about what | was doing and had more engaging questions that led to
interesting conversations. From the interview data, it is obvious that my
nontraditional pre-service elementary teacher thinks procedurally and isdvorr
about answering “correctly” all the time. She hesitates to answer ancetien f
she has given me wrong answers. After each interview, she has emailed me about
how the interviews went and about her answers. My traditional pre-service
elementary teacher does not hesitate to answer any question | gi8d&speaks
confidently about her answers and does not second guess herself. She has a sense
of how she wants to teach and knows how she does not want to teach.
Besides my reflection documents, preservice elementary teachers teahgnteto
seven reflections (see Appendix D) about mathematics and mathematitsgeddath
200 concepts. The topics ranged from reviewing mathematics websites and sample
lessons to reflecting on class lessons and activities. | used the oeidctitriangulate
(Mertens, 2005) or validate what the participants said during interviews, vdyat t
expressed in their writings, and how they conducted themselves during their teaching
project. Tina completed her reflections during the first half of the coutsks Waomi
finished her reflections over the last half of the semester. | gave ger\poe teachers a
week in advance to complete each reflection.
For my second pilot study, | did not have participants complete reflections
because reflections were not a mandatory assignment in the preserviestatgm
classes. In addition, | did not keep a researcher journal because | did not initrall

the participants as their instructor. My data collection, however, did includera i&c

preservice teachers’ final grades in the Math 100 or Math 300 course to see hdve well t
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participants performed in the class. | also asked via email Dr. Ramuoldds
Hernandez to describe their teaching philosophies for Math 300 and Math 100,
respectively.

Observations.

During the fall 2007 semester, | kept field notes, which included observational
information from daily class interactions. Towards the middle of the semesataniMad
a rough day in class, which | documented.

Naomi was frustrated today with finding the function values. She asked Mandy

(pseudonym for classmate) about one and then was silent the rest of clesg. | as

her if she needed help and walked her through one example. She finished 3 out of

10 problems in a 50 minute class.

| also utilized observational data from the participants’ teaching psojastpart
of the teaching project, each group taught a probability lesson to their tdflssmates. |
recorded any transformations in the classroom culture that may have talehgilaeen
the interviewee, other prospective elementary teachers, and me (Creswell, 2@07). A
Tina taught, she commented to me about her experience, which | later journaled.

Tina was frustrated because she thought students were not paying attention. She

felt teaching was hard. Some preservice teachers did not listen to her when she

was teaching and she addressed their inattentiveness. Tina was a |tlagler of
group and told the others in her group what to do.

For my second pilot study, | did not keep field notes because | did not observe Dr.
Ramirez’s or Ms. Hernandez'’s classes. | observed and took field notes oftitipgas’
classes for my dissertation work.

Since | am the lead researcher, it is impossible for this research to lyenasn

but | took measures in both studies to respect the privacy of the participantssacdre

the data. | have sole access to the data files related to the individuals.r lto andéntain
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confidentiality, | created computer files of interviews and replacedceatits’ names
with pseudonyms. | maintained all audio recordings on my home computer. The names of
participants will not appear in any professional report of this researchil. tiotvbe easy

to identify participants from the final report since there are severt@sgeof the course.

| will destroy all data once published.

Quality Research

To establish rigor in my research methods, | followed Mertens’ (2005) ariteri
creditability, transferability, and dependability. In the following parplgsal document
the steps | took to produce quality research.

Creditability.

To establish creditability, | used processes outlined by Mertens (2005), including
member checking, triangulation, peer checking, and expert checking. As a way of
member checking (Mertens, 2005) in both studies, | transcribed the interviews and sent
them to the preservice teachers who added supplementary information if sihe wi
The quote below came from an email that Naomi sent me after one of our face-to-f
interviews. She provided in depth answers to several questions relating to group work and
discovery learning.

Hi Ann, | think to answer the questions better | need to know more about activity

based, group based and discovery based learning. In our classroom you said we

use a constructivist approach which is Vygotsky right? So the discovery based
would be more Piaget is that right? We use activity and group based in this math
class. I just like the way you teach and | know | probably will have to teach group

and activity work in math so | am trying to get used to doing it. As far as liking i

the answer is sometimes | do, but not always. It just depends on if the other

people in your group want to work with you or if they prefer to work alone you

are kind of stuck. I think it is much different for elementary students. Theyolike t

work in groups and will go out of their way to help each other. (at least that is

what | have observed in the past working as a Special Ed. para and doing my
observations) | like the constructivist theory but it doesn't work for every student



89

| like working with manipulatives because | am a bodily/kinesthetic ézaand |
also like discovery based learning.

| also asked some of the preservice teachers to comment on questions that Ingad duri
the transcription process about their answers. To “check the integrity” or valicity
inferences, | employed the use of triangulation of the data in my first filbt,svhere |
examined my themes through interviews, reflections, and field notes (Schwandt, 2001,
p.257). My second pilot study also included triangulation in the form of interviews,
instructors’ teaching philosophies, and participants’ final grades. Afteatext code
words based on interviews, | checked the other forms of data collection to see if they
verified my initial coding. A graduate student peer checked and a mathematicsoeducat
professor expert checked my findings to create a “consensual validationtiadfthemes
(Schwandt, 2001, p. 188).

Transferability.

Through a rich, thick description of the participants and setting, | allow my
readers to “transfer information to other settings and to determine whetlieidihgs
can be transferred to comparable situations” (Creswell, 2007, p. 209). An additional
component for case study research involves the use of multiple cases. With@&ach pil
study, | increased my number of participants for each case study to improve the
transferability of my findings; | increased the number of my participantsy
dissertation to include 12 preservice elementary teachers.

Dependability.

Using Merriam’s (1998) techniques to ensure dependability, | utilized an audit

trail, a detailed account of how I collected the data (Schwandt, 2001). With both pilot
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studies, | made changes in my research processes, which | documented and provide
examples for clarity.
Data analysis

During the analysis phase of both pilot studies, I utilized open coding (Corbin &
Strauss, 2008) to create categories that emerged from the data through sac@hysist
as described by Merriam (1998). For my first pilot study, | coded by hand a#dr
transcribed the interviews. | then recodedlierosoft Wordto create tables with
additional code words. With my second pilot study, | codedianosoft Wordusing
tables after | transcribed my interviews. From these tables and tpioss, | created
code words and themes, which | will detail in the next section.
Findings

In this section, | discuss the findings of both pilot studies that include code words
and themes. With my first pilot study, | found 14 code words about mathematics and/or
mathematics teaching. The codes informed my second pilot study, since aynodjibre
codes also surfaced in my second pilot study. Table 4 contains a summary of the code
words for both pilot studies (see Appendix L for definitions of code words and sample

coding).
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Summary of Pilot Study Code Words

Pilot study |

Pilot study Il

Group work
Entertaining mathematics
Teacher personality
Family

Future teaching
Discovery learning
Real world
Conceptual
Procedural

Visual

Multiple strategies
Lecture

Repetition

Manipulatives

Group work
Entertaining mathematics
Teacher personality
Family
Future teaching
Discovery learning
Real world
Conceptual
Procedural
Visual
Multiple strategies
Lecture
Repetition
Hands-on (Manipulatives)
Research
Connections
Mental Mathematics
Technology

Auditory
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For my second pilot study, | discovered four main themes: standards aligregsl, beli
nonstandards aligned beliefs, senses, and socio-cultural. | created a medeg(te 1)
that depicts the relationships between the four themes and my code words obnaly sec
pilot study, where the four themes corresponded with certain code wordsa)rovges
each theme. The arrowheads represent the flow of how the four themes influence the
other themes and preservice teachers’ beliefs about mathematics anthatiathe
teaching. In the following paragraphs, | detail these themes, related qootehé
preservice elementary teachers, and modified models for participantstiStaidy | and

Il. I analyzed both pilot studies to create my findings, which allowed fahairi

description of the participants in my studies.

Standards Aligned Beliefs

Socio-cultural Connections
Discovery
Family Group Work

Teacher Personality Hands-on (Manipulatives)
Mental Mathematics
Multiple Strategies
Real World
Research

Technology

Preservice Teachers'
Beliefs about
Mathematics and
Mathematics Teaching

Nonstandard#ligned Beliefs
Senses

Lecture
Procedural
Repetition

Auditory
Entertaining Mathematics
Hands-on (Manipulatives)

Visual

Figure 1.Model for participants’ beliefs about math and math teaching.
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Standards Aligned Beliefs.

| incorporated Raymond’s (1997) work and her classifications of preservice
elementary teachers to condense some of my initial codes under standaets atid
nonstandards aligned mathematics and mathematics teaching. Raymond utilizetishe
nontraditional (standards aligned) and traditional (nonstandards aligned®rttorgfpes
of mathematics and mathematics teaching. Raymond classified predeasters with
nontraditional beliefs of mathematics who think of mathematics as “dynaroidepr
driven, continually expanding, surprising, relative, doubtful, and aesthetic” (p. 55R). Wit
nontraditional preservice teachers, Raymond believed, “The teacher’s tmlguisle
learning, pose challenging questions, and promote knowledge sharing” (p. 559). In
addition, nontraditional beliefs about teaching mathematics include the ideahé¢hat “
teacher clearly values process over product, provides only problem-solving,
manipulative-driven activities, has students work in cooperative groups at &l &k
helps students to like and value mathematics” (p. 559).

All preservice teachers mentioned various aspects of both standards and
nonstandards aligned mathematics and mathematics teaching that they liked. For
example, Math 100 preservice teachers discussed standards aligned beheds,thec
implementation of mental mathematics to solve addition problems. Some parsicipant
also described their standards aligned beliefs about future teachin¢ghefmaéics to
connect mathematics to other subject areas like science or to ideas ichresgeles. To
categorize participants into a particular group, | examined themes in tleewients that
illustrated tendencies to lean more one way than the other. Three preservVieesteac

Natece, Naomi, and Tara, spoke admittedly about both belief systems so lizategor
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them as combinations. From my interview questions, it was difficult to teastetmeof
standards aligned and nonstandards aligned mathematics and mathematiog égechi
from one another. As a result, | grouped a participant under the standards laéteksd
category if they held standards aligned beliefs for mathematics andfbematics
teaching.
| categorized one nontraditional (Nadia) and two traditional (Tracey anch@gabit
preservice teachers as having standards aligned beliefs about mathanthtics
mathematics teaching. Nadia possessed clear views about standardstalggis. She
expressed how guided discovery learning helped students to think conceptually and to
create meaning of mathematics. Nadia also valued the use of manipulatives and
cooperative learning.
| like discovery learning. | had never done it before college. It is so ebatrd
makes you think. Students are challenged, and the material is not dumbed
down...If you do not discover, mathematics has no meaning...It would have been
helpful to use manipulatives and cooperative learning in secondary school.
Tracey also expressed the pros of discovery learning and group work. She included ideas
about how group work provided an opportunity for her to teach others.
| like the trial and error of discovery because I think you can learn from your
mistakes. If you see that something doesn’t work out you can try it agaie ifo se
it will work out...I would use discovery learning in my classroom because it helps
kids know their own learning. You know, metacognition... With group work, it
helps to get others’ inputs when you work together. | also taught my neighbor
who was behind, which helped me too. What they don’t understand, | can try to
figure out and put another way and explain it differently.
Tabitha shared the pitfalls of procedural, nonstandards aligned learnict, stiei felt
hindered student creativity and conceptual thinking.
| think memorization is misleading because then you think this is the wagnitlis

that's it. It didn’t touch on that aspect of critical thinking where you come tip wi
the solution or answer yourself...l don’t think that’s good, especially in
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elementary school because then you are told something and that's the way it is

because your teacher tells you. You're not really thinking for yourselfgdidd

to start thinking for yourself and developing your own ideas for yourself, rtot jus

retaining ideas...It is really neat to explore that and really understandgiveend

reasons to why something works the way it does because | think that is the big
absence in my elementary mathematics, the absence of why.

Nonstandards Aligned Beliefs.

On the other side of the spectrum, some preservice teachers held nonstandards
aligned views about mathematics and mathematics teaching. Accordingnoihy
preservice teachers who believe mathematics is traditional advocaenmatitis as “an
unrelated collection of facts, rules, and skills” and “is fixed, predictable]wbscertain,
and applicable” (p. 556). Raymond (1997) categorized preservice elementhirséa
beliefs as traditional if they believe in the following ideals: “thetteds role is to
lecture and assign individual seatwork, the teacher seeks right answersaind is
concerned with explanations, the teacher emphasizes mastery and meongratithe
teacher instructs solely from the textbook” (p. 559). Tina’s, Nicole’s, Natahed
Tamera’s views about mathematics and mathematics teaching fit witmonktandards
aligned definitions for mathematics and mathematics teaching. | provedepés from
interviews to illustrate my classifications. Tina believed that procethaaling was
more important than conceptual learning. If students understood the procedures, Tina felt
satisfied. The below quote consists of Tina’s conversation about the importance she
places on procedural teaching and learning instead of manipulatives.

They (future students) would have just need to at least understand the formula... |

think it's (algorithms) important...because | mean if they (students) only know

how to do it (problems) the block way (with manipulatives) when they’re 24 years
old and they're trying to average something out | mean they can’t be going back

to using blocks and stuff. They'll need it (procedures) for future use, and K& try
explain that to them that it will be so much easier when you’re older.
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Nicole remarked candidly on her dislikes for group work and discovery learning,
which she found annoying.

| am a little annoyed by group members. | wish they would just do it! | don't like

pairing. | would rather do the work on my own. In my classroom, | would have

rows of desks and students could come together for group work...I am not a huge

fan of manipulatives and sometimes see how they (manipulatives) are annoying...
Nicole’s beliefs seem to mirror Ms. Daniels (Eisenhart et al., 1993) whobeélibat
conceptual mathematics could confuse students. She felt that her main gesches t
consisted of procedural teaching.

Natalie shared opinions about how students ultimately will always turn to
formulas.

Everybody will go to the procedure on the test. The main goal is to use the

procedure in the right way. You can’t teach the conceptual learning because you

cannot see how students think. | would stress the importance of procedures more.
This belief in mathematics teaching is similar to Lynn in Thompson’s (1984) wiik
felt the central aim in teaching was to help students solve procedures.

Tamera’s views mirrored Natalie’s in that she also preferred nonstisnalegned
mathematics, such as lectures and prescribed methods to solve problems instead of
discovery learning. She believed students could not learn by discovery becauge of the
limited mathematics background.

Procedural learning is | guess the way | would rather learn. | like thedeand

writing everything out with lots of examples and lots of homework. I like learning

through formulas which break down into smaller pieces...I like the step by step

part. | don’t think | would teach this way (discovery learning) because the
students don’t have a complete understanding of math like we do. We know how
to problem solve and do the problems different ways. It would be hard for
students to do it.

From Figure 1, a reader can see how nonstandards aligned beliefs influence

preservice teachers’ beliefs about mathematics and mathematicageddtare is also a
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link between socio-cultural, specifically the teacher personality aspsotio-cultural,
and nonstandards aligned beliefs. Thus, teacher personality influencey the/svee
teaches, which could include nonstandards aligned methods. Nonstandards aligned
beliefs only influence socio-cultural with the teacher personalitycasidenstandards
aligned beliefs do not influence any other theme. From this disconnect with the other
data, a researcher might conjecture that preservice teachers wittingands aligned
beliefs might struggle in a standards aligned atmosphere. This mightoeoawse they
are unable to make connections with the other aspects of teachers’ lives.

Combination Standards and Nonstandards Aligned Beliefs.

Natece’s, Naomi’'s, and Tara'’s beliefs about mathematics and maitemat
teaching did not fit exactly in standards or nonstandards aligned belikefssified them
as a combination of the two because they possessed certain values from both genres of
thought. In the following paragraphs, | detail their categorizations with quotsity c
their grouping.

Natace expressed her dislike for discovery based learning. She felt thatsstudent
who struggle in mathematics would not be successful in discovery learning envirenment

Discovery learning is a way for students to figure out the concepts theyinge
to learn, but | feel it kind of throws them out on a boat with no paddle. Itis a
disconnect between the teacher and student. | am not a big fan of discovery based
learning. You need to have some kind of instruction to get the ball rolling and

then leave it up to the students to try to figure it out. It is okay for kids to have

failures, but when they constantly fail, this is not good for their self esteieis. K

that are bad in math can only fail so many times before they give up. If gou us

just discovery learning, you will lead students to have bad attitudes.

Even though Natace disliked discovery learning, she shared about other aspects of

standards aligned curriculum, such as multiple strategies and group wotkethat s
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enjoyed. She believed that teachers should provide students with multiple walygto s
problems because of the different abilities of students.

| know a classroom of students are all different. | would approach each lesson

from different vantage points, such as with an overhead and talking using

different styles of learning. | would provide lesson plans for multiple ways of
teaching and have tables and group work for all students.

Naomi loved group work and detailed how her group helped her understand the
concepts, but she often kept them from completing their work because she asked them
several questions.

| didn’t do that (group learning) when | was in school but I like it. I like group

work because you get other people’s feedback and people in your group they help

you if you need help...l am a little bit slower so if | get too far behind then the
people in my group proceed without me...I ask too many questions, and
sometimes they get frustrated with me like because they are trying tardoxhe
work...l would definitely use group work with my future teaching because you

can pair students one that is having trouble with another one that is not having as

much trouble to help the student that is behind.
Even though Naomi enjoyed standards aligned beliefs like group learning, she did not
feel that students should learn conceptually, as long as they knew the procedure.

Similarly to Natace, Tara believed in alternative methods to discovenyrigar
She enjoyed learning procedurally and believed algorithms mademedibe easy for
students.

| would probably use procedural more at the elementary level because Ideel it

more helpful than just here is the basic stuff and learn the rest on your own. Step

by step procedures will be easier for littler kids. | would be open to using
conceptual if the students have some sort of prior knowledge. | don’t want to go
into too much knowledge and bore them.

Though Tara liked procedural learning, | classified her as a combination oflprace

and conceptual beliefs because she commented on the importance of manipulatives.

As a teacher, | think hands-on learning is important because there are some
students who only learn by hands-on and | don’t want them to not learn ever. For
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example, take the idea of volume. | think it would be cool to have each student

have a glass of water (soda) and see how much volume they (students) are putting

into themselves. A good way (teaching strategy) would be how we (in class)

moved a volume between two different shapes and saw how it (the amounts of

volume) related...to the equation.

Summary of Standards and Nonstandards Preservice Teachers’ Beliefs.

From my work, | found that preservice teachers vary in their beliefs about
mathematics and mathematics teaching, which supports the work of Crespg (2003)
Eisenhart et al. (1993), Raymond (1997), Thompson (1984), and Vacc and Bright (1999).

Table 5 summarizes the participants’ demographic and class informatih for

preservice elementary teachers.

Table 5
Preservice Teachers’ Summary Data

Preservice Classifications Age Mathematics course Final

teacher (with instructor) grade

Naomi Standards/Nonstandards 34 Math 200 (Wheeler) C
Nadia Standards 42 Math 300 (Ramirez) D
Natece Standards/Nonstandards 25 Math 300 (Wheeler) B
Nicole Nonstandards 25 Math 100 (Hernandez) B
Natalie Nonstandards 27 Math 100 (Hernandez) A
Tina Nonstandards 21 Math 200 (Wheeler) A
Tracey Standards 21 Math 300 (Ramirez) B
Tara Standards/Nonstandards 19 Math 300 (Wheeler) A
Tabitha Standards 19 Math 100 (Hernandez) A

Tamera Nonstandards 21 Math 100 (Hernandez) B
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From the findings, | discovered that two traditional and one nontraditional participant
possessed standards aligned beliefs of mathematics and mathezaatiost The one
nontraditional preservice teacher who espoused to standards aligned belitdfe waly
participant who failed the preservice mathematics course. On the other biasdified
two traditional and two nontraditional preservice teacher as nonstandardsl aligne
believers of mathematics and mathematics teaching. The remainiagé#rteipants,

one traditional and two nontraditional, held combination views of standards and
nonstandards aligned beliefs.

It surprised me that the participant who performed the worst in the course was
Nadia, the nontraditional preservice teacher who supported all aspects of standards
aligned mathematics and mathematics teaching. She enjoyed the group wor&rgnd e
part of the course but struggled with her mathematics background knowledge, which she
admitted lacked substance. Possible reasons for her poor performance could be the fact
that she was 15 years older than any other participant except Naomi, and tyetoabili
recall her previous mathematics work was difficult. In addition, her Math 300 ¢tt,

Dr. Ramirez, taught from a more inquiry-based approach than Ms. Hernandediénd |
Due to my lack of experience teaching discovery based courses, | feel tN&tm$00
classes could have been easier than Dr. Rameriz’'s classes, which cotdd lead
discrepancies in grades from Nadia (D)/Tracey (B) (not in my Math 300 elads)
Natece (B)/Tara (A) (in my Math 300 class).

Naomi, the second oldest participant, only made a C, which was the second
lowest grade of all the preservice teachers. Her low grade might be due to her

mathematics background and/or length of time away from school.
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| also discovered the two preservice teachers from Dr. Ramirez'shellakss
standards aligned beliefs about mathematics and mathematics teadhiadhree of the
four preservice teachers from my classes held combination beliefs aboutnaiatbeand
mathematics teaching. | feel these belief systems match wielDritRamirez's and my
own personal beliefs about mathematics and mathematics teaching. Thusoinstruc
beliefs may play a factor in preservice teacher attitudes about naitbenwhich
supports work by Philippou and Christou (1998).

The Math 100 preservice teachers had the same instructor, which helped to
control for teacher effect. Similar to my above argument about the Math 300 cMsses
Hernandez’s classes might be easier than Dr. Ramirez’s so that thergrglaelse an
indicator of these differences. Through analyzing their old exams, | found shat M
Hernandez’s never asked preservice teachers questions about student nethemati
misconceptions, while Dr. Ramirez routinely did. Some preservice teachers in my
experience enjoy those types of problems, while others find them challengingdeca
there is not a procedural process to follow. Ms. Hernandez also mentioned that she
lectured a significant amount at the beginning of the Math 100 course, which might be an
easier type of instruction to learn than inquiry based methods. Ms. Hernandez’sismphas
on lecture might also be a reason why three of the four preservice teadkiats i100
espoused to nonstandards aligned beliefs, similar to Ms. Hernandez’s teaching
philosophy.

Tabitha’'s standards aligned beliefs may stem from her previousrigac
experiences. She remarked during her first interview about these experiedakedo

teacher cadet (a preparatory program for teachers) my junior and leseis in high
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school.” This finding would support Kirtman'’s (2008) work that teaching increases
preservice teachers’ mathematical understanding. One of Kirtman@gants stated,

“It (teaching) has helped me to see that students understand math when wvue fnang
types of resources” (p. 98). Thus, Tabitha might have obtained her standards aligned
beliefs through her teaching practices.

Senses.

The category oBenseaddresses all the preservice elementary teacher’s
comments about mathematics and mathematics teaching that involve seeing, bear
touching. | asked every preservice teacher about entertaining mattsewiatial
mathematics, and hands-on mathematics so it is natural that each partmipar@nted
on these topics.

When questioned about her use of manipulatives in the class, Tracey expressed
her reasoning for liking hands-on learning. She believed manipulatives aided kinesthe
learners and added entertainment to mathematics classes.

Yes, | think hands-on learning, (or manipulatives use), is important because some

kids are kinesthetic learners. If kids are just sitting there, doing word problem

after word problem, they are going to get bored and they are going totesssi.
Tabitha also discussed her need for manipulatives and visual models in mathematics
which she felt created meaningful visual and kinesthetic learning.

The second time | learned multiplication (at my new school) was so mueh, easi

having that second way with all the pictures and visual aids because | am a very

visual learner, kinesthetic, hands-on. | really need those examples.

All preservice teachers felt mathematics should be entertaining, whicbrsupp

Collopy’s (2003) and Gellert’s (1998; 2000) research about preservice elementary
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teachers and their belief that mathematics needs to be fun. Tara shaeslihgs bf
how teacher personalities influence the fun in mathematics and matheemtitsd.

You, as a teacher, have to be having fun. You can’t put one of those teachers who

is bored with it. You have to make it seem like it is not horrible. It's not horrible,

but students still think it is so you have to trick them into think it is not. Maybe

not trick them...

With one of Tina’s written reflections, she visited a website and rated hdw wel
she thought her future students would benefit from the website. Tina mentioned in her
reflective essay how fun a website about scatterplots was and how the childcen coul
amuse themselves with the interactive feature of the site.

The web site is a very fun active web site with many activities conducive to

learning how to make and interpret the scatter plots...I learned that tiedrodt

teaching is a very fun way for kids to be able to interact with the computer and
with each other...Children are able to play with the placement of the plots to be
able to see how the line of best fit will fit.
For Naomi, using plastic toys and candy to make her mathematics lessens mor
entertaining was important to her. She detailed these beliefs in a reflesiag

One of the main objectives you should be thinking about in a lesson is

fun...Because if it's not fun, then the students will not learn as much...A fun

thing to add to a lesson is the materials and the activities, and you could present it

in a fun way to...scenarios or...Instead of just blocks you could use...for percents

like fake bugs or anything...like M & M’s.

In addition to the codes that | addressed specifically in the interviews, alatlia
Tara commented on using auditory resources to aid in mathematics learnireg. Nadi
mentioned the idea of using CD’s in the classroom to teach adding, while Tara
remembered how rhymes helped her memorize different concepts in matsematic

From these findings, | discovered that all preservice teachers valeredtfforms

of teaching as it relates to seeing, touching, and hearing. | did not think thedebeaul

need to differentiate between visual (two-dimensional) and hands-on (thressdinas)
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mathematics, but some of the preservice teachers enjoyed teachinggubihizi of those

strategies more than the other did. For example, Nicole did not like using mangsula

or kinesthetic objects but shared her love for visual aids that consisted of two dimlensiona

pictures.

| am more of a visual learner. For example, geometry | like becausay®ee
(visual) and then you have to find the reason...Teachers always drew graphs on
the board, which | liked... | am a very visual person.

Socio-cultural.

The idea ofSocio-culturalsummarizes the last theme. Un8®ecio-cultura) |

categorized participants’ remarks about family members and teackenalkies. All

comments relate to how the participants view people in their lives, whichsredateeir

upbringings. Three nontraditional (Nadia, Nicole, and Natace) and threeomatl{fTara,

Tina, and Tabitha) preservice teachers commented on how their family, cgBcifi

children with nontraditional participants, affected their beliefs about mattesnaad

mathematics teaching. As a response about using manipulatives in a cthgs, Na

expressed unease in the below quote.

As a mother, I'm concerned that my son is still counting with his hands.

On the other hand, Nicole saw the usefulness in manipulatives when she made the

following comment

| totally see how blocks help my four-year-old son.

Traditional preservice teachers described family through their siblingsaaeiltg.

Tabitha described how her sister connected her knowledge of measurementdayevery

situations.

What is cool is when they start applying that outside of school with their family
because | have a 7-year-old sister and she will come home and be like it's
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probably snowed 7 inches right now and that is this many centimeters. She applies
everything she is learning and it is really neat to see that. And she is like, “I
learned the metric system.”

Tara shared a conversation between her father and herself and the rolevoficeal
problems in mathematics teaching, which can involve sports like football.
| was actually talking to my dad about this the other day. We were talking about
how boys usually weren't interested in math, and he was saying that you could
use football stats to figure out how fast the pass is and to convert it into different

units. | used to hate word problems, but that is really the only way to incorporate
real world problems.

| asked all preservice elementary teachers about past mathensatics$eand
what characteristics about their teachers they liked and disliked. Talithad lser
feelings about one of her teachers who helped her understand mathematicanethie
teacher damaged her confidence in mathematics.
| really understood the information because of the teacher. It was vitallytanpor
because of the teacher, which was really neat to see that coming from like
freshman year when | had a horrible teacher and everyone failed the final and
everyone didn’t care...Other than that, a teacher makes all the world of
difference. The material can all be the same but it is really the impertd the

teacher being there and connecting with the students and making sure they
understand.

Natalie detailed how Ms. Hernandez changed her negative views of matisgnvaich
consisted of feelings of inadequacy. She also expressed her belief that dgeacher
personality influences students’ perceptions about subjects like mathematic
For my whole life, math was hard...If you're not good at it, then you're just not
good at it, but she (Ms. Hernandez) doesn’t have that attitude...l don’t want to
give kids the idea of math being hard because | believe if you hate math or down
in the dumps person, you are going to convey that to your students...Students
may not like math because of the teacher.

Tina detailed how one of her previous mathematics instructors did not fit welheith t

dynamics of her school, which caused problems in Tina’s progress in the course.
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She was just well, | think it was just bad personality for our school. She was littl
tiny, tiny girl from the east coast. She comes to our school in the middle of
nowhere with a bunch of big farm kids. She was all quiet. She would just do the
work on the board and not explain it to you anything. And so you are like, “So
why did you do that? Why did you do that?” She would...She knew how to do it
and she was a great math person but she didn’t know how to relate it back to the
student.

From these findings, preservice teachers of all ages value family ahdrteac
personalities. | found that three of the four nontraditional participants disahesed
children, one of the nontraditional participants also discussed her sister, onenahdit
participant talked about her father, and one traditional participant mentionsidtber
(One of the two nontraditional participants who did not mention children has children,
while | am unsure whether the other nontraditional participant has childeenilyrand
past teachers influence the way traditional and nontraditional participarksatout
mathematics and mathematics teaching. Even though | discovered a weakiconnect

between family and senses, none of the research | found examined this link.

Nontraditional and Traditional
Preservice Teachers’ Beliefs

From my analysis, | discovered that some of the links between the themes and
preservice teachers’ beliefs are of varying intensities, which Isepted through
thickness and consistency of lines. | constructed Figure 2 for nontraditioneilgaautis

and Figure 3 for traditional participants, which are modified forms of my otigindel.
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The two models consist of many similarities. All four themes for nontraditional
and traditional participants have a bold, solid line going from the theme to pceservi
teachers’ beliefs. This is natural because | selected these themesasitcategories
that affected participants’ belief systems, which came from transeriptin addition,
nontraditional and traditional preservice teachers consistently diSoass culturaland
Sensesoncepts in relation to certain standards aligned beliefs, which are codes
underneatltstandards aligned Belief$hese connections were strong so | utilized a thick
dotted line to represent these findings. | found a weak link between teaclueratigrs
and nonstandards aligned beliefs so | used a thin dotted line between thesestwb part
both of my models. Even though | found many similarities between nontraditional and
traditional participants, | discovered one difference. Nontraditional piesdeachers
often discussed their family members as reasons for why they hold cetiais be
included undeBensesFor example, Nadia and Nicole described how their children
influenced their perceptions about mathematics learning with manipulaticete Eiso
mentioned her sister during one interview conversation. Some of the traditional
preservice teachers mentioned their families but not in relatiSereed! still included a
line for both groups of participants because participants talked about how past teachers
and their use dbensesnaterials affected their beliefs about mathematics and
mathematics teaching. Thus, | bolded the line for the nontraditional particgrahtsly
lightly dotted the traditional participants’ connection line betw@ecio-culturaland

Senses.
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Summary

In this chapter, | summarized my two pilot studies through research questions,
research design, rationale for study, document collection, analysis, and findirgsgi
the aide of pilot studies, | refined my research questions to fit Raymond’s (1997) work
instead of LaBoskey’s (as cited in Griffin, 2003) research. My work centers telibés
about mathematics and mathematics teaching that nontraditional and traditional
preservice elementary teachers exhibit.

| interviewed participants from Math 100, Math 200, and Math 300 at the same
university to arrive at various opinions from nontraditional and traditional preservice
teachers. Utilizing different forms of data collections, | analyzed aty tb find themes.

For both pilot studies, | created codes to arrive at four themes that incergharat
values and views of 10 preservice traditional and nontraditional teachers. | faysd w
that will make my questioning clearer and provide an interview protocol with depth. My
findings show that socio-cultural aspects and the senses influence presaeiesd of
all ages. | analyzed the participants from both pilot studies to arrive &t santple. Two
nontraditional and two traditional preservice teachers viewed mathematics a
mathematics teaching as nonstandards aligned. Two traditional participhred
mathematics and mathematics teaching as standards aligned, whilentraglitional
preservice teacher held the same belief. One traditional and two nontraditioeatipees
elementary teacher expressed mixed viewpoints. With these findingkaldessertation
study could shed light on these differences.

My dissertation work will help to distinguish differences between nontraditiona

and traditional preservice teachers’ beliefs about mathematics and raatsaeaching.
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With my pilot studies, | did not ask questions specifically about mathemaltiags, T
could not tease out difference between the participants’ views about matiseamnati
mathematics teaching from my previous work. In addition, too many nontraditional
preservice participants were in their twenties, which made it difficulta@gierences in
their opinions from the traditional participants who were similar in age. | cortlucte
classroom observations, which was a key feature to add triangulation of datn@yie
2005) to my research work. With classroom observations, | saw some evolution of
participant thought about mathematics and mathematics teaching, which | dé@ not s
through my pilot studies.

Importance of Pilot
Studies to Dissertation

The pilot studies informed my dissertation in multiple ways, including thedretica
perspective, participant sampling, data collection, data analysis, suratitariof
findings, and quality of research. In the following paragraphs, | detail #spsets of my
dissertation.

For my theoretical perspective and participant sampling, | used thessarak
constructivist stance (Schunk, 2004) and similar sampling procedures as defined by
Mertens’ (2005, p. 320) description of criterion sampling. Mertens detailed how
researchers define specific criteria. My criterion included gemd&thematics course,
instructor, age, and group dynamics, which | detail in the following paragraphs.

Participant Selection.

For my research, the participants came from Math 100, Math 200, and Math 300
classes, where they engaged in social constructivict’s activitibsasugroup work and

co-constructing knowledge. Preservice teachers self-identified thesmsa a similar
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form to the one | used in my pilot studies, which included a question pertaining to their
age (see Appendix M). | selected one Math 100, Math 200, and Math 300 class to
conduct my research. These classes had the most nontraditional particimentdhdse
interested in participating, | originally selected 14 nontraditional additaal

preservice teachers, which later became 12, with the same number of nontraditional a
traditional participants from each instructor (See Appendices N and &fdomed

consents for preservice participants and instructors, respectively). Two of the
participants, a nontraditional and a traditional preservice teacher, dropped out of my
study due to family issues. The nontraditional participant had health concern$ as wel
family health issues that kept her from over a week of classes. The trdgaodimzEipant

had a 4 month-old child. She missed scheduled interview times because of childcare
issues so | decided to not include her in my study.

Selection of participants also consisted of preservice teachers whoinaaigpel
especially with the nontraditional participants. | selected nontraditionaipants who
were at least in their thirties. Since there is not a wide age diffefentraditional
preservice teachers (ages 18-24), | based my selection of traditionappatian
classes where | found nontraditional participants. | also chose tradpianigipants who
interacted regularly in groups with the nontraditional participants. In Tallle
summarize the participant data. | selected the pseudonyms of Nancgttdicdadine,
Norah, Nita, and Natalya for nontraditional participants and Tasha, Theresa, Taylo
Tonya, Terri, and Taya for traditional participants. The three instructor psgudon
included Dr. Flores for Math 100, Ms. Hernandez for Math 200, and Ms. Garcia for Math

300.
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Participant Information

Preservice teacher

Mathematics course

Nancy 53 Math 100 Flores
Nicolette 36 Math 200 Hernandez
Nadine 34 Math 300 Garcia
Norah 34 Math 100 Flores

Nita 32 Math 300 Garcia
Natalya 31 Math 200 Hernandez
Tasha 20 Math 200 Hernandez
Theresa 20 Math 300 Garcia
Taylor 19 Math 200 Hernandez
Tonya 19 Math 300 Garcia
Terri 18 Math 100 Flores
Taya 18 Math 100 Flores

Mathematics istruct

Unlike previous studies, | did not instruct any of the participants and did not choose any
participants who | had previously included in my pilot studies. By choosing new
participants, my range of participants’ opinions to analyze against mgdedot study
grew.

Setting.

In the Math 100 course, preservice teachers learn from the same Beckmann
(2007) used for Math 200 that | previously mentioned in my pilot study research.

Preservice teachers in Math 100 all came from the same class with i8s. Bo. Flores
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is an assistant professor and coordinator of all Math 100 and Math 200 classes (See
Appendix P for sample final questions from her Math 100 class). She shared hegteachi
philosophy for Math 100 in her first interview, which included her personal experiences
to enrich the curriculum.

My goals for the course are to have preservice teachers deepen their
understanding of the mathematics that is taught in the K-6 curriculum. | want
everyone in that class to have experiences of thinking about the material
differently. | believe in doing lots of group work and lots of manipulatives as

ways of helping them think about the material differently. In addition, | want

them to work with alternative algorithms because many of them come in thinking
there is one way to add and to do math problems. They are unaware of other ways
of thinking. | want to deepen ideas, such as place value. Place value is a big theme
carrying throughout the class. With fractions, | want them to have deepsgidea
how to think about fractions and to develop flexible strategies. | try to bring in my
own experiences. My own experiences are somewhat limited, but | do have some
that are worth sharing. I try to make it relevant, especially in Math 108ubed

think so many students think they are going to teach first grade, and they are
unaware of what that means. They are just thinking of their first grade experi

and what they learned. They are unaware of the range of student abilitieg so | t

to bring in experiences about that. They are also unaware of current cuoicula
teaching mathematics and so | think enlightening them a little bit abotiisvha

going on out there is important.

Ms. Hernandez, who taught Math 100 in my pilot work, taught all the preservice
participants in Math 200 (See Appendix Q for sample questions from her Math 200
final). She utilized a notebook of handouts she collected throughout her years of teaching
the course instead of using Beckmann’s (2007) book, which most instructors use to teach
Math 200. In the following quote during an interview, Ms. Hernandez expressed her
teaching philosophy for the course as one of confidence building in mathematics.
| really want to engage the preservice teachers in Math 200 at aasicyldvel of
understanding. They have had bad experiences with algebra and statstics,
very afraid of them, or they feel they are complicated. | really vea@bgage the
preservice teachers at a basic level and build up to the things they have seen. |
general, it's about building their confidence and their skills of being able to do

those problems. For example, probability has fractions in it. Most of them have
very little confidence with fractions. They can do it, but they just second guess



114

themselves a lot. | try to build some of their confidence. I try to set it out to be,
“See you can do this in an elementary class. See here’s an activity thét wou
even work for first graders.” | try to have them recognize that it's ndi leigl,
super complex ideas that they have to work towards doing. It is something that
little kids get. It's something they can do instead of something to be afraid of.

Ms. Garcia, a graduate student, taught the Math 300 preservice teachet course

utilized in my study. She taught the course the previous semester as welliaed tte

same Aichele and Wolf (2008) text that Dr. Ramirez and | used when we taught the

course during my second pilot study (See Appendix R for sample questions from her

Math 300 final). Ms. Garcia detailed, during her first interview, her teggdtiiosophy

for Math 300, which included group discussions and synthesis questions.

Math 300 is definitely collaboratively based. | try to make sure that theitgajor

of every single class is spent working on group work, whether it's comparing
answers to the homework that | assigned the previous class or working on new
activities together. | really think that students learn well togethéalggdalking

out the problems. It is very important. We also have a portion of class where we
come together as a whole group and we talk about synthesis ideas. We have
synthesis questions that | give them for every single assignment, which are
guestions that | think they may not necessarily recognize they are arggwhen
they work on these activities. These are main ideas that | want to drangraut f

the activities and questions that | anticipate them having trouble answering. S
are questions that | want to make sure we talk about as a class. | wouldhatsay t
when they answer these questions, I'm lecturing necessarily. I'mgatsiem to

kind of share with the class as a group what types of answers they come up with
and why they work. I'm kind of a facilitator of a class discussion, or that is how |
see it.

Data Collection.

Unlike my theoretical perspective and sampling procedures, my data collection

methods changed somewhat from my previous work. | conducted two approximately 45

minute face-to-face interviews with each participant in a conference rotima i

mathematics department of the university where | completed my studyglhe first

round of interviews, | used an interview guide (See Appendix S) that included intervie
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guestions from Pilot Study Il and questions stemmed from code words from lmth pil
studies. | also added questions about how participants view mathematiceddetius

did not obtain a clear answer to this question with my earlier studies. Someeof thes
additional questions came from Raymond'’s (1997) work. | examined Raymond’s work in
which she grouped inservice teachers’ beliefs about mathematics.ddusbme of her

same questions in my interviews, which allowed me to categorize preseactets into

one of the three classificatiorStandards Aligned Beliefs about Mathematics
Nonstandards Aligned Beliefs about MathematictelCombination of Standards and
Nonstandards Aligned Beliefs about Mathemafldsaus, | sorted preservice teachers as
having standards aligned beliefs about mathematics if they regarded ntatbevith

such notions as changing and unpredictable, two ideals that follow Raymond’s research
measures. Lastly, | included questions about senses and socio-cultura) saaterthese
were two themes from my second pilot study.

With both pilot studies, participants seemed most comfortable with the questions
about their past schooling so | started with those questions for my first round of
interviews. | then progressed to questions about procedural and conceptual learning, a
well as other relevant topics and questions stemmed from code words mentioned in my
pilot studies and Raymond’s (1997) research. In addition, | asked particigantzev
parents about how their children influence their beliefs about mathematics and
mathematics teaching. The following questions are examples of the tyjpaa®that |
used for the first interview.

1. Do you foresee using group learning in your future teaching of mathefatic

a. In what ways?
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2. What does discovery learning mean to you?
a.Have you experienced discovery learning? How do you know?
b. If so, in what ways?

3. “What do you think mathematics is all about” (Raymond, 1997, p. 555)?

4. What roles, if any, do a society’s and/or teacher’s culture play in the teaching
of mathematics?

My second set of interview questions consisted of questions about responses the

participants gave during the first set of interviews, as well as siquikstions from the
first interview (See Appendix T). Since my research question involved the idea of
participant’s evolution of beliefs, | also asked participants about these.issues
The following questions are representative of the second round of interviews.
1. On ascale of 1 to 10 with 1 being not confident with teaching mathematics to
10 being very confident with teaching mathematics, how confident are you in
teaching mathematics at the 4-6 grade level? Explain.
2. If an elementary student who could not understand the concept of (insert Math
100/200/300 topic) through conceptual learning, how would you further help
him/her comprehend the concept?
3. How, if any, has your attitudes about mathematics evolved from
a. The beginning to the end of the semester?
b. From Math 100 to Math 200/3007?

4. How, if any, has your attitudes about mathematics teaching evolved from
a. The beginning to the end of the semester?

b. From Math 100 to Math 200/300?
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In addition to interviews, | conducted classroom observations on a bimonthly
basis of the preservice teachers’ Math 100, Math 200, or Math 300 classes. These
observations allowed me to examine how the participants interactecheiitigtoup and
their teacher, as well as see evolutions in their beliefs about matheamatics
mathematics teaching. During the classroom observations, | was an obgsraid not
participate with preservice teacher activities. | did not want mysmah in the class to
influence how the participants interacted with their groups and their teachie. IW
observed the class, | followed an observation form (see Appendix U) of certzgornes
of behavior and class routines.

| also interviewed the instructors (see Appendices V and W) of theipartis to
confirm my findings from classroom observations and interview data. Theseanier
consisted of two approximately 30 minute interviews with each instru@ammarized
my classroom observations and preservice teacher interview findingskaaictlas
instructors to comment on their perceptions of the participants and classroomrstuat
Some sample questions are listed below.

1. How do you think the following preservice teachers utilize group work?

2. How would you respond to these quotes from preservice teachers’ interviews
and classroom observations?

3. How well do you think the following participants do in your class
academically?
| obtained final grades for the participants, similar to my second pilot,studge if the
findings about final grades from my pilot studies match my dissertation work.
My analysis and summarization of the data included transcribing (See Apgendi

X, Y, and Z for sample transcriptions from a traditional preservice teacher, a
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nontraditional preservice teacher, and an instructor, respectively.) | thehusidg
NVivo(See Appendix AA for new code words, definitions, and examples of coding). |
utilized my preexisting code words and created new ones as they arose. iAfstredf
coding, | searched for themes, similar to my second pilot study. | then sinednay
findings with a model of my themes, also comparable to the one | created $econd
pilot study. To determine the strength of links in my model, | utilid¥d/oto see how
many times a code appeared in transcriptions.

Quality Research.

To ensure quality research, | established creditability, dependakhlity, a
transferability measures (Mertens, 2005), like my pilot studies. For cridititab
employed member checking, triangulation of data, peer checking, and expeking. |
sent the preservice teachers and instructors copies of their interaresartptions for
review to provide as member checks. In addition, | used triangulation to find
“consistency of evidence across sources of data” (p. 255) to increase thédititgdita
my findings. Triangulation of data came from preservice teachevienes, instructor
interviews, and classroom observations. Peers and my advisor verifienties/and
themes to ensure their validity. Raymond provided an additional expert check by
reviewing and providing feedback for some of my interview questions. | establishe
transferability through a rich, thick description of the participants anahge#ts well as
with multiple cases. To guarantee dependability, | documented any changedatam

collection and research processes.
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In the next chapter, | discuss the findings from my dissertation work and
connections to my pilot studies. | provide several quotes from preservice temuthers

instructors, as well as classroom observations, to strengthen my results.
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CHAPTER IV

RESULTS

In this chapter, | detail my new code words and findings from my digsartat

study, which answers the following guiding research question (Q1) and sulBgsesti

(Q2-Q5):
Q1

Q2

Q3

Q4

Q5

What is the nature of nontraditional and traditional preservice elementary
teachers’ experiences with and/or perceptions about mathematics and the
teaching of mathematics?

How do nontraditional preservice elementary teachers perceive
“mathematics” in terms of standards aligned and nonstandards aligned
mathematics in comparison to traditional preservice elementary teachers?

How do nontraditional and traditional preservice elementary teachers’
opinions about “mathematics” evolve (as collective traditional and
nontraditional groups and as individuals) throughout a semester long
mathematics content course designed to teach preservice elementary
teachers in a conceptual format?

How do nontraditional preservice elementary teachers perceive
“mathematics teaching” in terms of standards aligned and nonstandards
aligned teaching in comparison to traditional preservice elementary
teachers?

How do nontraditional and traditional preservice elementary teachers’
opinions about “mathematics teaching” evolve (as collective traditional
and nontraditional groups and as individuals) throughout a semester long
mathematics content course designed to teach preservice elementary
teachers in a conceptual format?

When | coded my dissertation work, | found some new preservice teacherdi.ieleas

confidence, disconnect, math definitions, work experience, and Math 100/200/300
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courses) that extended my existing pilot study code lists. | discugsrteasconcepts in
the following paragraphs.

Multiple preservice teachers discussed personal confidence issues wgh doi
mathematics and teaching mathematics. These descriptions provide thedeemocd
Confidenceln addition, some nontraditional preservice teachers remarked about feeling
disconnected from their fellow group members because of age differencaddsalla
new code word calleBisconnect

From my pilot studies, | found that | did not distinguish well between
mathematics beliefs and mathematics teaching beliefs so | askficgpeestions about
these two areas during interviews in my dissertation. | coded partigaotution of
beliefs about mathematics and mathematics teaching separatelyl as added an
additional codeDefine mathabout participants’ definitions of mathematics. The last two
new codesWorkingandSchoolingcame from preservice teachers justifications of
certain aspects of their beliefs. Some preservice teachers workeduithechool
systems and used these experiences to rationalize their reasoning abounatnzglzend
mathematics teaching, which | coded/dsrking Others explained their belief changes
through the Math 100/200/300 teachers, which | cod&thesoling | summarized the

final code list alongside the codes from the two pilot studies in Table 7.
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Table 7

Summary of Code Words

Pilot study | Pilot study Il Dissertation
Group work Group work Group work
Entertaining mathematicsEntertaining mathematics Entertaining mathematics
Teacher personality Teacher personality Teacher personality
Family Family Family
Future teaching Future teaching Future teaching
Discovery learning Discovery learning Discovery learning
Real world Real world Real world
Conceptual Conceptual Conceptual
Procedural Procedural Procedural
Visual Visual Visual
Multiple strategies Multiple strategies Multiple strategies
Lecture Lecture Lecture
Repetition Repetition Repetition
Manipulatives Hands-on (Manipulatives) Hands-on (Manipulatives)
Technology Technology
Auditory Auditory
Mental mathematics Mental mathematics
Connections Connections
Research Research
Disconnect
Confidence
Working
Define math

Beliefs about math
Beliefs about math teaching
Schooling

| provide findings in the following section for Q1-Q5 that include related quimesthe
preservice participants, quotes from the three instructors of Math 100/200/300, and my
classroom observations.

With Q1, | found the four themes from my pilot studi®sgndards Aligned
Beliefs Nonstandards Aligned BeliefSensesandSocio-cultura) persisted in my
dissertation work. | was better able to differentiate between matherbatiefs and

mathematics teacher beliefs with my dissertation work so | di\Bdaadards Aligned
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BeliefsandNonstandards Aligned Belieifsto four themes. The themes included the
following: Standards Aligned Beliefs about Mathematidsnstandards Aligned Beliefs
about Mathemati¢gsStandards Aligned Beliefs about Mathematics Teagland
Nonstandards Aligned Beliefs about Mathematics Teachiigcovered in Q2 and Q4
the participants’ beliefs about mathematics and mathematics teachpegtnedy. |
categorized their ideas into one of three categories: standards alignedndaras
aligned, and standards/nonstandards aligned beliefs. With the last two questions, Q3 and
Q5, | found ways and times in which the participants’ beliefs about mathematics
mathematics teaching, respectively, evolved.
Findings for Q1
Q1 What is the nature of nontraditional and traditional preservice elementary
teachers’ experiences with and/or perceptions about mathematics and the
teaching of mathematics?

Q1 contains ideas about the overarching aspects of my dissertation work; the four
sub-questions (Q2-Q5) provide insight into specific aspects of Q1. Q1 findingdencl
preservice teachers’ thoughts about mathematics and mathematnisgeas well as
belief changes about mathematics and mathematics teaching. The fougekistnes of
Standards Aligned Beliefslonstandards Aligned BeliefSensesandSocio-cultural
continued as meaningful themes in my findings for the guiding researdiogués
addition, | divided the two pilot study themes about beli®fandards Aligned Beliefs
andNonstandards Aligned Beliefsto four separate themes to incorporate standards and
nonstandards aligned beliefs about mathematics and mathematics teadatad .the
findings about standards and nonstandards aligned beliefs about mathematics with

guestions Q2 and Q3, and the findings about standards and nonstandards aligned beliefs
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about mathematics teaching with questions Q4 and Q5. The following narrativesfocus
on the other two themeSensesndSocio-cultural

Senses.

Similar to the findings from my pilot studies, | discovered that all the preser
participants thought they would utilize multiple senses (i.e., auditory, kinestvstial)
to teach mathematics; many valued manipulative use for their own understanding of
mathematics; and participants differed in their definitions of entertainitigematics,
which includes items such as manipulatives and puzzles.

Three nontraditional (Nadine, Nancy, and Nicolette) and two traditional (Tasha
and Taya) participants described multiple strategies in their resptunte following
guestion during their first interview, “What are the three most important ¢bastics of
good mathematics teaching” (Raymond, 1997, p. 555)? Other participants, such,as Terr
also expressed the importance of multiple strategies in teaching matisermatine
following quote, Terri detailed a typical response among the preservitetsdlcat
different strategies and sensory activities benefit student comprehension.

It is important to try to hit all of the five senses probably to help students
understand. Different students learn different ways and a certain way may help
them better. | would help them out whichever way they learn best.

Tasha further commented on how hands-on manipulatives still help her at age 20.
| would use manipulatives for all elementary ages. Even for me being 20 years
old, I find using them helps me understand. It is when you see it instead of just
being told it that sometimes it is easier to understand mathematics.

Ms. Hernandez, Tasha’s teacher, supported this conjecture in a conversation about how

she felt manipulatives might help Tasha learn conditional probability, a teaplaT

struggled with understanding.
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| think she struggled a little bit with the conditional probability in the senseawher
you have marbles in a bag and you pull one out and keep it. | think adjusting the
probabilities for pulling the next one seemed to take her a little bit more to sink.
Some of it was conceptual in the sense that it wasn't quite clear initiaylyhe
numbers were changing and maybe that’s because she maybe is mohetmest
than some of the other students. That is the case where | tend to notice who is
kinesthetic and who'’s not. Kinesthetic students really want to see it to connect
that.

While Tasha described how manipulatives aided her understanding, Norah
discussed how they make mathematics learning enjoyable.
Learning mathematics is fun. | think it is fun learning it because you canluse al

kinds of stuff. There are so many things you can use to bring mathematidas alive
the classroom like manipulatives. Manipulatives make math alive becakesed li

play.
Taya’s idea of entertaining mathematics includes not manipulatives but
challenging puzzles.

Well, I think math is fun. | think different equations can be like puzzles to me. It
is something that you might have to spend a lot of time on or you might kind of
struggle with figuring it out. In the end, if you do things the way you know they
are supposed to be done and you know why you are doing them that way, you
usually get the same answer at the end.

During my classroom observations, | noticed signs that Taya might betlessted than
her peers when it came to using manipulatives. While most preservice teachéys ope
worked with Cuisenaire rods in Dr. Flores’ class to learn about multiplying and dividing
fractions, Taya worked through activities without the aid of manipulatives. ®Otilg a

end of the lesson when there was downtime did she pick up the Cuisenaire rods to put
them right back down again. | asked Taya during her second interview about this

incident, and she said that she did not need manipulatives to understand the mathematics.
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Nicolette, like Taya, also mentioned the idea of fun with puzzles but felt that not
everyone would agree they are entertaining and compared the concept of puzzle
reform curricula and how not everyone sees mathematics in the same way.

Math should be fun. Depending on how you see, it can be. Everyone’s different,

but some people don't like going through puzzles. | don’t know if this makes

sense, but my kids also do tineestigationgreform) curriculum, where you look

at ideas multiple ways, rather than just getting one straight answer asdttHat’

think that’s important because different ways make different sense to people.

Socio-cultural.

Under theSocio-culturaltheme, participants provided various comments about
how their families, past teachers, confidence issues, K-12 work expeeacElath
100/200/300 influenced their beliefs about mathematics and mathematics teAshing.
with my pilot studies, the nontraditional preservice teachers spoke about how their
families influenced their beliefs about mathematics and mathematadsrng. The
following quotes provide examples of how multiple nontraditional participants stress
family in their explanations about beliefs, as opposed to the traditional partcipith
only one mention about family.

Natalya, a mother of two, discussed her change in attitude towards matisemati
which occurred because of age and motherhood.

Until | came back to college now as an adult, | always thought of math as hard but

now | don’t. I don’t think of it as a breeze or anything but I just think I look at

math in a different way, challenging but in a positive way. | used to not like math.

The change occurred here at school. It was frustrating to me before, but t think i

was because | wasn't patient enough. Being at a different time in mpdife a

helping my children with their homework and realizing math wasn’t that hard to

begin with influenced my beliefs.

She further commented about the interplay between taking classes and helping her

children.
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Last semester, my son and | were learning the same math concept. Thedllyas r
cool because it helped me explain to him what he had to do.

Nadine, another mother of two, mentioned multiple times during her first
interview how she integrated the idea of movies into mathematics to help herryounge
daughter learn, since movies are what interests her daughter.

Games are fun. | like puzzles, but | don’t think everyone likes puzzles. | don't
know if they would think it was fun. Some kids might, if you gave them some. |
know my younger daughter would love it. She loves that kind of challenge. My
little one would not care about them. Her interest would have to do with
Hollywood or movies. You need to find something the kids are interested in.

The only nontraditional participant without children, Norah, discussed her niece
during both interviews. In the passage shown below, Norah commented on how she helps
both her niece and nephew with mathematics and tries to comprehend how they

understand mathematics.
| help my niece. She will call me. One is ifi rade and my nephew is iff 7
grade. | help both. The way they learn influences the way I learn. | know
sometimes she will ask who learned it this way? And there is always someone
who says | learned it a different way. I'm like wow, I've never seen tiierel

might be an easier way, but you are always taught you do it this way. And it is
neat to see.

Traditional participants tended not to discuss families, with the exception of
Taylor. She described in her first interview how mathematics helpeddieenand her
figure out a problem.

| remember one time in high school, me and my mom were trying to figure out

something and | said, “Yeah, | totally learned this so we are going to usd this.”

was figuring out how much something costs.

Besides family, preservice teachers also commented on the effeeiacharts

personality on their general attitudes about mathematics. Tonya describéaehow
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mathematics teachers at the university who taught Math 100/200/300 displayee pos
attitudes about mathematics, which showed in their teaching.

The teachers here actually like math and everything like that and thesadly

good at what they do. Teacher personality does play a role. | think that if someone
is really passionate about the subject and that it shows through when they're
teaching and that helps a lot. | feel all three teachers here wdyggesdionate

about math and knew what they were talking about. They were basically opposite
of what | felt in secondary school.

Tasha added personal comments about her current mathematics instructor, Ms.
Hernandez, who made the class relevant to future teachers.
| absolutely love Ms. Hernandez. She is such a good teacher. She’s taken she said
6 weeks to teach probability, which is the longest she has ever done it, but | feel
like | really understand and would be able to teach to students really well. | feel
like she doesn't just teach us math but she teaches us like future teachers who
need to teach math. | feel with her that she really tries hard to make sure we
understand how things work and makes it relevant to our future career.
From classroom observations, | noticed that Ms. Hernandez discussed with theqarese
teachers how the material connected to elementary teaching. She commemigiple
classes that | observed how she works hard to understand several ways students solve a
mathematics problem. She connected this idea to the numerous ways the preservice
teachers’ future students will arrive at answers and encouraged the peessschers to
be open to the diverse techniques in their classrooms.
On the other hand, Nancy described a time in her past mathematics schooling in
which she felt the teacher’s unpleasant attitude influenced her and her outlook on

geometry.

I'll never forget when it was time to take geometry. All my friendsafun guy
who was fun to be around. | got a very sour woman, and | struggled and
struggled. It really pointed out to me that while my friends were at the lsaeie
as | was cognitively, they all got good grades in geometry. Even thought for
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extra help and tried really really hard, | ended up with a D. That is when Idearne
how much a teacher plays a role in making or breaking a student.

Norah also mentioned an experience from her past at a community college thaeupse
so much that she walked out of the class.

| don’t remember her name, but honestly | even walked out of her class. It wasn'’t

a hard class. In one of my classes, we talked about behaviorism and | think she

was a behaviorist with straight lecture and no hands-on.It was just hedeatiid

the way she made the class feel. | got fed up one day and just walked out.

| created three new codes with my dissertation work uideio-culturaj the
idea of confidence in mathematics and the teaching of mathematics, preeidus w
experience in the public schools, and previous schooling. Initially, | categoaded ¢
underSocio-culturalbecause of their links to how the participants view people in their
lives, which connected to their pasts. | felt confidence also fit under that grouping
because the preservice teachers often mentioned how certain people indbeir li
influenced their levels of confidence in doing mathematics and teaching métsema

For their second interview, | asked the participants to rate their configence
doing mathematics with 1 being not confident in doing mathematics to 10 being very
confident in doing mathematics. The preservice teachers’ responses ramgecdtifiree

to a nine. The two groups responded with average rankings of around 7 each. Table 8

summarizes their initial confidence ratings in doing mathematics.
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Table 8

Confidence Ratings about Math (from Oldest to Youngest Participant)

Participant Rating

Nancy 3.5
Nicolette 7
Nadine 7
Norah 4.5-9
Nita 8.5-9
Natalya 8
Tasha 8
Theresa 3
Tonya 6-9
Taylor 8
Terri 7-8
Taya 7-8

The following narrative details Table 8 and pertinent quotes related to poeservi
teachers’ confidence rankings about mathematics. Theresa and Naadheowest
confidence levels, a 3 and 3.5 respectively, for their abilities in doing mathemati
Theresa described how understanding mathematics ideas in classudt diaffiber. She
remarked about how she had to take mathematics home to understand the concepts,
unlike a classmate who could comprehend the material from class discussions.

| feel like part of the confidence issue probably comes from the fadtubaslly

can't get a concept completely in class. | always have to go home and spend so

much more time on it. I'm sure | compare it to a lot of other people, a lot of other
students’ abilities to just pick it up in class, like Heather. She just can pipksih
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quickly. I'm sure | compare my abilities of having to go home and really work
with it to hers, where she just understands. I've never really felt that dafiéor
I've done better. In college, I've done a lot better, but in high school, | really
didn’t do that well, I'd say. In high school, in Ms. Moffitt’s class, | think | made
B in both classes. I'm pretty sure | made B'’s, but they were pretty mwelysl
borderline B/C.
| also noticed how Theresa often asked questions of her group mates, esplecitdbyr.
Theresa seemed to struggle with a number of topics, including pyramids, n&mns,
symmetry. When | asked Ms. Garcia about Theresa’'s academic sgugjo gave a
similar response to Theresa’s that focused on how diligent Theresa worked.
| think that she tries really, really hard to understand the concepts. | knowehat s
is a hard worker, not only from this experience but because | had her in Math 100.
She tries really hard to understand the concepts and eventually she generally does
but | feel like she is the type of student who needs to work at it. It doesn’t click
automatically.
Nancy, the preservice participant with the lowest confidence rating about doing
mathematics, explained her desire to finish all her mathematics can@sove on with
her life.
I'm finding that | have less and less patience with it (mathematics) laoykel not
to have to take anymore math because I'm kind of getting down to the home
stretch now with my time in school and I'm eager to get all the education classes
that | can and the practicum. I'm taking two education classes right now and a
math and a Spanish and my patience has run out with math. I'm like just get out
of it. Just pass me and let's move on.
When | asked Dr. Flores about Nancy’s comment, she stated that she knowstyat Na
struggles with the mathematics, but she does a good job of coping with her frustrations
Dr. Flores also remarked about a classroom situation, where Nancy strugdtetywor
with an activity, similar to base 10 block manipulation; Nancy did not know how to solve
a problem differently than the way provided to her.

She is honestly working to try to understand things. | don’t ever see her shut
down, which sometimes weaker students do in class. | see her working and asking
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good questions. She is trying to do the conceptual, but it doesn’t come naturally
for her. For example, today they were looking at first grade students’ wts

really base 10 blocks, only they are just using longs and ones and they have their
own algorithms. She had a hard time just looking at it. She didn’t know how to
express 125 using base 10 blocks. That was really hard for her. She needed
individual help on that, even though she was able to begin to understand the front
of the worksheet. Going from looking at someone doing it to doing it herself was
really hard.

| also noticed during classroom observations that Nancy struggles with thenmadics,

but consistently continues working on problems throughout the class.

On the other end of the spectrum, Nita and Norah expressed some of the highest

confidence levels with mathematics. Nita explained how she felt confident ibiligr a

to find answers to problems that she might encounter.

For the applications that | need, I'd say probably a 9 or 8.5. It isn’t necessarily
because of my retention, but | know how to find answers. | even know in my
experience with those lesson plans | wrote for a class, | know | have ahet of t
material that | am going to need at my finger tips. | know how to further find
information so | feel very comfortable.

Ms. Garcia explained how Nita’s confidence in mathematics is founded on success

She’s doing very well in the course. | don’t think she struggles with the concepts.
| mean occasionally she will have questions but then we will talk about them or
she will talk about them with her group and she seems to really understand.

Someone else who prided herself in her abilities in mathematics was Norah. With

Norah, she believed she could easily do elementary mathematics up to algebra.

If it was up to division of fractions, | would say 8.5 or 9. | can do algebra, but |
will always miss one. | know it. | just get nervous. | think you are goingsto f
because you know it. | don’t bother to go back and check if | did it right.

Besides understanding mathematics, | also asked preservice teduhdrtheir

confidence in teaching mathematics at certain grade levels, with 1 reprgset

confident in teaching mathematics to 10 representing very confident in teaching

mathematics. Table 9 lists the participants’ responses.
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Confidence Ratings about Teaching Math (from Oldest to Youngest Participant)

Participant Rating (at the K-3 grade level)  Rating (at the &aéegievel)
Nancy 9 2.5-3
Nicolette 9-10 8
Nadine 10 4-6
Norah 10 10
Nita 10 9
Natalya 9 9
Tasha 8 6-7
Theresa 7 6
Tonya 8 7.5-8
Taylor 5-6 6-7
Terri 8-9 6-7
Taya 9 9

To obtain a better understanding of the differences between the two groups of

preservice teachers, | averaged their confidence rankings for K-3lgvatieand 4-6

grade levels. If a teacher gave a ranking that ranged like Taydoi’s3 grades with a 5-

6 out of 10 confidence rating, | averaged her rating into one number, 5.5 out of 10. The

nontraditional participants as a whole, when | averaged their confidence raaliongs

mathematics teaching together, had an average rating of 9.6 out of 10 for té&a8hing

grade levels and 7.3 out of 10 for teaching 4-6 grade levels. The traditioncippats’
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ratings were 7.7 out of 10 for teaching K-3 grade levels and 7.0 out of 10 for teddhing
grade levels.

In addition, | found evidence to suggest that participants’ self efficacy about
teaching mathematics increased over time only for nontraditional parttsi
perceptions of teaching K-3 grade levels. | calculated this resulelbasathe traditional
participants’ K-3 and 4-6 grade level confidence for teaching mathenaeiit
nontraditional participants’ 4-6 grade level confidence for teaching maticsrbg
averaging the scores for the participants in each group from each coursearfpleg |
averaged Norah'’s and Nancy’s, the Math 100 nontraditional participants, confidence
rankings together. Thus, Norah’s and Nancy’s confidence ratings of 9 and 10,
respectively, for teaching mathematics at the K-3 grade leveledsala 9.5 combined
ranking. | repeated this procedure for all participants in both grade legliggs and
compared averages, which resulted in an increasing trend, as stated above, in
nontraditional participants at the K-3 grade level. In the following paragrapkamine
the Table 9 ratings of nontraditional and traditional preservice teacherslaiiur
guotes about their concerns about confidence.

Similar to the personal confidence issues with doing mathematics, Thavesa g
one of the two lowest confidence ratings with teaching mathematicst&t3tggade
level. She commented about her lack of confidence with mathematics as ddiaktor
ranking. Theresa also remarked on how with preparation she felt she could teach
effectively in the classroom and believed she would be more patient than otherdeac
who do not struggle understanding mathematics.

| actually think right now, if | could look at whatever material ahead of time,
would say a 7. That is not because | would consider myself good at math, but



135

because if | had the resources, and I've never had a problem taking my time to

look at stuff. I'm perfectly aware that I'm not good at math, or | don't feel

comfortable with math so | know that and that | need to take extra time to study
and get it. Being aware of that is how my learning style is in math. | have
struggled in math before so | feel that | can relate to kids who do struggle,
whereas someone who might be frustrated with it, | feel like | would be a let mor
patient with it because that is exactly how | feel with it. I have no prolakimg

the time with it so | feel like | could do a good job, if | could prepare my lesson.
Taylor gave the lowest confidence rating for teaching mathematilss -3 grade level,
but with opposite reasoning from Theresa. Taylor is confident in her mathematics
abilities, a rating of 8, which is the reason that she felt mathematics ®ualifficult to
explain to students. She also remarked about how she felt her explanatiorestoay b
difficult for others to understand.

I'd say a 5 or 6 because | don’t want to do things that are too much for them to

understand. I'm always afraid that | am saying something that doesrét mak

sense. | feel like it is hard for me to explain a problem, especially if | dlesady
done it. | have to be doing it at that time, and | just want to make sure that they
understand it and it is easy enough for them and I'm getting to every student. |
just want to be able to explain it in an elementary way instead of what | am
actually doing in my head.

When | interviewed Ms. Hernandez, she felt that Taylor explained concdpts we
to her group mates, including Nicolette who usually took longer to understand topics than
most of her group members. | also observed Taylor discussing the answers tuper gr
on multiple occasions. She patiently described concepts to classmates ared even r
explained ideas that the group members did not understand. Even though we both felt
Taylor taught her table mates well, Ms. Hernandez could see how Taylor togigles
with explaining, since she comprehended the material quickly, especially ¢heaalg
component of Math 200.

Three nontraditional preservice teachers (Nadine, Norah, and Nita) rated

themselves at the opposite end of the scale. They all gave themselves a 10sandrielt
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in their capabilities in teaching mathematics at the K-3 grade leadin® detailed how
mathematics at that age is easy and enjoyable.

| would have to give myself a 10 on that one because the concepts are pretty easy.
You can use a lot of manipulatives and the reward systems, and kids at that age
are excited to learn. You can do more games and make it more fun without the
kids getting too crazy.

While Norah simply believed she ranked a 10 because the mathematics at that
level is simple, Nita described in detail her beliefs about mathemadicising. She
elaborated on her ranking of a 10 by describing her preparedness through talgeg cour
at the university level.

I'd say 10 (about confidence in mathematics teaching at the K-3 grade level)
definitely because | just feel like | have been given a lot of tools and inflorma

at the college level, particularly the 100/200/300. | feel like | have been give
enough to where | could successfully direct lessons appropriate for those grade
levels.

Nita even connected her response to her children and a trip they took to her daughter’s

future kindergarten class.

My oldest is going into kindergarten and | got the opportunity to see what they ar
going to be using in their math class. It is amazing. I'm so excited. They sta
addition and subtraction their first month of school in kindergarten. They have the
neatest manipulatives that you wouldn’t think would be math related. They have
these penguins. They have a set for each group and they have different colors and
then they have different sizes. She said they start out counting and then we say
can you sort them into groups? Then, we learn about groups. I'm very excited
about it, especially at that grade level because | think | could contribwteato

those grade levels are teaching because | think there is so much out thgya that
can tie into teaching. Even if you have a small level or small depth of knowledge,
there is so much out there, so many resources, especially with the intetnet, tha
you can definitely be successful if you have taken these classes.

Even though some preservice teachers rated their skills in teaching ntatbena
the K-3 and 4-6 grade levels comparatively close, some described ressraaid

challenges they felt they would face while teaching at the 4-6 levdiffered from the
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K-3 grade level. Nancy fit into this category. She ranked her confidence o teac
mathematics as a 9 at the K-3 level but a 2.5-3 at the 4-6 grade level.déamognted
about her lack of explaining mathematics at that level hindered her abilitigsrtdifth
grade students in long division. She felt she confused the students more than helped them.
| would rank myself a 2.5 or 3 because that is about where my ability to explain it
might be a little shaky. | actually just for one session worked with fiftHeysa
and we were doing long division. | could tell them how to do it but it was hard for
me to explain what it really is. And | thought that this level is gettingle tdo
advanced for me to feel competent with it. That was recently. | volunteered to
tutor. | actually just did it once and thought | really am not doing these kids
service, if | try to explain from my modeled brain how to do it. | just didn’t want
to take a chance on confusing them anymore than they already were.
Like Nancy, Nadine ranked herself lower at the 4-6 grade level becaussafigde
mathematical ability and experiences working with mathematit¢eaetgrade levels.
She described her frustration in trying to help her daughters with their homework.
My kids are those ages and working with them. They are both actually at the same
level because my sixth grader is in a high level math and my seventh grader is in a
low level math. My sixth grader at the high level, | can’t understand a lbeof t
stuff she is doing. Well, | do but some of the material | am not sure what she is
doing and she can figure it out on her own anyways. When they are asking me to
help them with math, I’'m not real sure how to do it.
Nadine further added comments about her apprehension in answering student questions a
that age. She did not want to have parents of her future students upset with her about her
explanations of mathematics.
They are smarter at that age. That would probably bother me because even my
kids ask me questions and | don’t know. I’'m not intimidated because they are my
kids, but then when you have a whole classroom full and you have to meet their
parents. They are going to go home and say their teacher doesn’t know it.
Not all the preservice teachers believed that mathematics teachiegda6 grade

level would be intimidating. Three nontraditional (Norah, Nita, and Natalya) and one

traditional (Taya) gave themselves rankings of 9 or 10. Norah simply statesth¢hielt
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she could teach mathematics at the 4-6 grade level easily becausehmatias was
uncomplicated at that age, the same answer she previously stated for thedg-@\gea

Nita elaborated in detail on how her niece’s experiences in sixth gradenmasittsewith

the lattice method for multiplication factored into her answer. Nita discovkat even

though she thought the lattice method was more difficult than the standard algorithm, her
niece had the exact opposite opinion. Newer methods to Nita, like the lattice method,
intimidated her a little.

I'd say 9 because of personal experience. | look at my niece who just finished
sixth grade and | look at some of the stuff she was learning. | don’t know that |

am concerned about the concepts, but it is how she was taught to do things; things
that are foreign to me. The one that | always think of is she learned muligplica

by the lattice method. Well, | learned it. We kind of did it at the community

college, just as one of our units one day, but | am used to you do this, and do this,
and move over one space. How is that easier than the standard algorithm? It is for
her. | tried to show her how I did it and she said why would you do that? | am so
removed from those newer concepts, even though | have been introduced to the
lattice method, | am still not confident because | haven't done it a lot. | think that

is some of those more advanced, those upper level concepts for the fourth, fifth,
and sixth graders that | am not comfortable with.

The last two participants in the upper ranking, Natalya and Taya, mentioned the
use of multiple strategies as the determining reason in their wasstif of a nine for
teaching mathematics at the 4-6 grade level. Even though a 9 ranking isdyighell
that she could not give herself a 10 because of her lack of knowledge about all the
multiple strategies to teach mathematics.

| feel like | understand it well enough to explain it, but at the same time &ne

new strategies and stuff that | keep learning, or different methods of daugg.thi
When we were doing division, there were different division methods. It was funny
to me because | always used the standard method but seeing it done different
ways. It was something that | learned really fast because duexXample with

that was looking at a student’s work and doing it. | picked it up really fast what
they were doing. That was really cool. It was just something that | had reever s
before that point and time.



139

Taya further explained her lack of concern about questions from students -&tdhelé
level, as opposed to the K-3 grade level. She felt it would be more difficult torazswe
the “why” questions that younger students may pose than the older students.

Concerned about student questions—Really, | think it is harder to answer

guestions from really small children because...K-3 age children have a tendency

to ask why a lot and those are the kinds of questions where you say why do you
do this? You can explain it once but they are going to be like why do you do that?

A lot of times they keep questioning things because when you think you have

fully, to the fullest extent possible. 4-6 might be a little easier to reldtest

students.

In her second interview, Dr. Flores described how Taya’s opinion is typical vatigst
mathematics ability students like Taya who feel they cannot explain easptoie
students.

The other two new codes,afking and £hooling pertain to preservice teachers’
experiences with K-12 schools as part of their teacher preparation pragitam a
experiences with Math 100/200/300, respectively. Only one nontraditional (Natadya) a
two traditional (Tasha and Tonya) participants did not have experience warkimay i
public schools. The other preservice teachers tutored, substituted, taught, observed,
and/or volunteered, which gave them knowledge about how students think and interact in
the classroom. In the following paragraphs, | include preservice teachetesgbout
how these experiences influenced their thoughts about mathematics and mathematics
teaching.

Nadine worked for six years at an elementary school and helped in a first and
fourth grade classroom. She described her experience trying to teachentiveafirst

grade boy counting and addition.

In the first grade, | just worked with one boy. | helped him with counting. He
didn’t pay attention. | usually took him in another room and | worked with him on
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counting and adding.
She further commented on how she learned that even though teachers may try innovative
strategies to teach mathematics, she felt one needs to be careful to packmds in the
learning process. They may teach their children differently than theetemstructed,
which could cause problems.
| think it just shows that kids. What | learned was that they learn from their
parents at home too and you have to combine what they are getting at home. If
you are expecting the parents to help, they are going to have to use some of those
methods that their parents know because they come up with new ways and their
parents don't always know the new ways. | learned with the first grader, the only
way to get him to do anything was to use manipulatives. He used little bears for
counting.
Norah, the participant with the most experience with K-12 schooling, ran a computer la
for 15 years. She remarked about how she taught a lesson about fractions tgradédth
class using manipulatives. Norah saw the students struggling and decidedandystc

help the students understand fractions.

| would use manipulatives for older students, say for fractions. You can use those
Hershey candies in it. | used to do that with the kids at school. Our fifth graders
would be on a computer, even though they weren’t learning fractions yet in class.
On the computer, they were learning them so they were having trouble with this
so | used to buy candies and say, “Okay, guys, if | cut this much from”...&twas

a K-5 grade school.

Even though most of the preservice teachers spoke positively about their
experiences, Nancy detailed an experience, while substituting, which chamged h
opinion about group work with older elementary students. She felt the students’ group
seating arrangement hindered her ability to manage the classroom.

| honestly don’t know if | would do group work with that age. | substituted in a
sixth grade [class] and they were pretty much uncontrollable. They should have
been sitting in individual seats but they took every opportunity to get out of their
seats. | often thought if there were rafters in the room they would have been
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swinging from them. It was a good thing there weren't. | would use group work
with the younger ages though.

Traditional participants also shared their memories of working with eltanyen
students. Taylor commented on the teaching techniques she learned froradioooia
teacher that included classroom management tips for working with students with
disabilities, as well as group work strategies with large and snoaipgtynamics.

| learned a lot from the teacher, in general. She told me things to remember when
| have my own classroom, like classroom management and how to deal with
certain students. There was a year that | was there that she had a studhet tha
focusing problems and she was telling me all the stuff that she would do to help
him. I learned how to structure my class, like in groups. You have big groups and
then you break them up into smaller groups. You started out with the class, the
whole class, like specifically and then you break them up into groups and did
small specific activities about what you taught.

Another participant, Theresa, also remarked about how she took away new ideas about
teaching. She discussed an activity she could teach in her future mathetaaosom.
| think that one was just the relevance of that because everyone has had pizza and
have to figure out how to split the pizza and everyone like that. It helped with the
kids just relating to it and | think it made it a little bit easier to learn abbwyt i
letting them color in the pizza and put the different toppings they liked and talking
about it and stuff. | think it made it more fun and interactive for them to do too.
That seemed like it worked really well actually. They were all resallyaged with

it when | was walking around and talking to them. | think | would definitely use
that strategy.

The last new topic und&ocio-culturalis Schooling where preservice teachers
discussed the impact of the Math 100/200/300 on their beliefs systems about mathematics
and mathematics teaching. Since preservice teachers often discessepatt of Math
100/200/300 when discussing changes in their belief systems, | detail specific quotes

relating toSchoolingunder Q3 and Q5.
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Summary of Findings for Q1.

The findings for Q1 included a description of the preexisting pilot study themes
for participants’ beliefs about mathematics and mathematics teachnegtéd two new
themesStandards Aligned Beliefs about MathemasinsNonstandards Aligned Beliefs
about Mathematicto add to the four existing themes. In addition, | discussed the
connections between the then8msesndSocio-culturalin relation to my dissertation
study. In the next section, | detail Q2’s findings about participants’ peoos about
mathematics.

Findings for Q2

Q2 How do nontraditional preservice elementary teachers perceive
“mathematics” in terms of standards aligned and nonstandards aligned
mathematics in comparison to traditional preservice elementary teachers?

With Q2, | divided the responses into standards aligned, nonstandards aligned,

and combination beliefs about mathematics. | found that three nontraditionappats
believed mathematics to be standards aligned; two nontraditional partidieéiated
mathematics to be nonstandards aligned; and one nontraditional participant and all six
traditional participants believed mathematics to be a combination of standards and
nonstandards aligned. | specify in the following paragraphs quotes to justify my
classifications.

While three nontraditional preservice teachers (Nancy, Natayla, and Norah)

embraced standards focused opinions about mathematics, there was no evidence that

traditional preservice teachers held similar beliefs. The following qubissate the

three nontraditional participants with standards aligned mathematics views.
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Nancy, the oldest participant, described how she learned surprising concepts
about mathematics in her Math 100 class threethhomathematic®’Ambrosio, 1985).
She loved the way people in India counted using their fingers and toes.
Math is more changeable than not because it is so vast that there is roomyfor man
combinations. One of the readings Dr. Flores handed out was really interesting t
me. | think it was when you hit India thousands and thousands of years ago it just
kind of clicked in my head how the number system, our number system, was
probably evolved out of our 10 digits, 10 fingers and 10 toes and that was kind of
an exciting and surprising and Wow!
Another nontraditional participant, Natalya, expressed similar beliefs atsibhematics
as changing and adapting over time.
| think math is pretty changing. | think at least in the way that it is taught or how
much more math you need to know earlier on in your life or understand earlier, at
a younger age.
She further described how some of the concepts in the United States astonished her
because of her background in mathematics from Norway, her home country.
| think the topics and methods can both be surprising because some of the topics |
haven’t had before and I don’'t know if that’s just the difference of country or
what, whatever it is, which has made sense because | have heard of a few other
people that have had it and | have thought | have never had it.
Norah added in her comments about mathematics the importance of learning from others
and the uniqgue methods each person may utilize to arrive at an answer.
It's surprising because we all learn different ways. We all bringrdiftevays of
coming up with the same answer but in different ways. | mean | could have cut
that step out and | would have saved paper!
Two nontraditional (Nadine and Nicolette) preservice teachers expreseds be
about mathematics that aligned with nonstandards views about mathematics. These

beliefs included ideas about mathematics as “fixed” and “predictable,terms

Raymond (1997) described as nonstandard or traditional views about mathematics.
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Nicolette summarized these views in the comment shown below by stating how the

predictable nature of mathematics comes from the fact that mathemdixesi
| feel like math is pretty fixed. | feel like it is pretty fixed becauseel like
there’s a right or wrong answer. | feel like math is also predictatgally, it's
predictable based on math being fixed.

Nadine reiterated Nicolette’s sentiments about how mathematics andrarase not

ambiguous.

| think it is fixed because it seems there is only one right answer and the way
learning formulas and stuff is the way | have always learned it.

One nontraditional (Nita) and six traditional (Tasha, Taylor, Taya, Terrigsher
and Tonya) participants held views that mathematics can be a combination of both
standards and nonstandards aligned beliefs about mathematics. During irstetitvegw

expressed opinions that mathematics was fixed and surprising. As an exangpstatsd

her dual view of mathematics that included preset components like shapes andthe rule

for addition, as well as varying characteristics that include the enoofmtyathematics
as a discipline.
I'd lean more towards math being fixed, but | do think there is change in it. |

guess | look at things that are always going to be. This (a tabletop) isalway
going to be a circle. It isn't going to be something else. Two plus two widye

be four, but | think there is a lot still we don’t know about math. There is still a lot

of unknowns out there. So | think that is where the changing part comes in is

there’s still more that we might not understand. We might not understand why this

is a circle. There might be more behind this table that we might discover in 10
years, 100 years, something else, so that is where my change comes in. | only

think of little kids in elementary school. They are like on the tip of the iceberg and

don’t know what is ahead of them.
Tasha also felt mathematics contains unchanging characteristicgssaquations and

right answers.

My perception of math is that it is very fixed. That this is the equation and this is

the right answer...like just with science. | am in physics and this is hiewlitis
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not like psychology and everything is changing. | don’t know that but that is how
it seems to me. It is kind of one of those things, where it is either right or wrong.

Even though Tasha detailed ideals about the certainty in mathematics, she ladso furt
explained how the conceptual nature of the discipline is amazing.

| think it is surprising to me. | think about the new things | have learned. That is

the surprising part about how, or just learning now how things do work (the

conceptual part).

Similarly, to Tasha, Taylor addressed her dual view about certain aspects of
mathematics, such as procedures to solve addition and subtraction problems, are fixed,
whereas techniques to arrive at those answers are ever-evolving.

| think it could sort of be both because fixed because there are certain things tha

are always going to be the way they are, but then you could totally find eediffe

way to do a problem that even a teacher wouldn’t know. It's just like a totally new
thing so it could change...Fixed to me is like the main procedures: add, subtract,
just pretty much those. Strategies to solve are changing.
Taya expressed different ideas about the double role that mathematicsyoahepid
asked her about whether or not mathematics seemed predictable to her. Tagadliscus
how certain concepts in mathematics can be more surprising to her than others, such a
matrices.

With predictable being a one and surprising being a 10, | would say it depends on

what you are doing. It could be anywhere from a three being predictabkdsb

| find when you learn a new concept and learning the way you can do something

and get a specific answer you are looking for, | find it can be very surprising, like

a six or an eight. When math is a three, that is more the concepts of adding and

subtracting. When math is a six or eight, | find that more with matriceshwahéc

really surprising. Algebra Il was something that was one of those digcover
learning classes that | had to figure out. Once | figured it out why you tihiel it

way you did it, it was really exciting for me.

Terri also explained the twin nature of mathematics by detailing tbrisising material

she learned in class as opposed to the expected ideas from algebra.

There are different theories but math really has not changed over the years.
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| would say that it is both predictable and surprising. Because sometirttessma
predictable but then in math on Tuesday, we learned something else that surprised
me about how some other people subtract differently than what | learned.tl didn’
even know that there was like another way to subtract. Math that is predictable is
algebra and equations.

As an additional example from the university mathematics program, Theresa
described how the Math 100/200/300 classes influenced her middle ground opinions
about mathematics neither as completely fixed nor changing. She felatbesecific
answers, but remarked on how Math 100/200/300 made her think more about different
strategies to obtain those answers.

| think probably more in the middle ground between changing and fixed. | think
after taking some of these classes here at this university, my bekiatliof more
towards the changing sideiVe are learning about the different ways to teach
math so that our students can learn the right answers. | think the way that these
classes are kind of structured kind of are in the way that teaches us that there is
some flexibility, but | still think there is kind of a set answer, but | don’t
necessarily like that. That is the part | don’t like about math. In a lot cfedas

there are, but probably more so with math, there is a set answers, but with these
classes, | thought about it in a different way and was made to kind of think about
different answers too.

Tonya added that the courses at the college made her see the incredibfe sid
mathematics through innovative teaching techniques. She remarked on how mgeresti
these methods seemed to her.

| would have to say math is changing because, well, some of it is just set in stone
like certain aspects of it like some of the maybe algebraic equations amgptre

level stuff. The stuff that is changing is the different methods or the different
approaches maybe to solving. | think math recently (Math 100/200/300 courses) is
more surprising because in class, it is like “Oh, wow, | didn’t know you could do
that” or “Wow, that is a really cool way.”

Summary of Findings for Q2
| found that preservice participants discussed mathematics in termed#drsis

aligned, nonstandards aligned, or combination of standards/nonstandards aligned belief
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| classified nontraditional participants into one of the three categomzativhile all six

traditional participants fit into the combinations aligned grouping. In the netxdisel

detail how participants describe changes and influences on their matiseiediefs.

Findings for Q3

Q3 How do nontraditional and traditional preservice elementary teachers’

opinions about “mathematics” evolve (as collective traditional and
nontraditional groups and as individuals) throughout a semester long
mathematics content course designed to teach preservice elementary
teachers in a conceptual format?

In the second round of preservice teacher interviews during the last few weeks of
the semester, | read the participants their initial comments abduemeatics and asked
whether their opinions about mathematics changed during the semester or some other
time. Participants’ responses ranged from no change in beliefs to chabgésfs
coming from Math 100/200/300, family, work experience, or age. | summarize these
responses from preservice interviews and include pertinent quotes in ¢harfgll
paragraphs.

Two nontraditional (Natayla, Nicolette) and one traditional (Tonya) ppaticti
stated they always held the same ideals about mathematics. Tonyadlatioeated on

how the university has made her a more reflective person about her mathbeiatfss

| kind of always knew my beliefs about mathematics, but | never actuallytthoug
about my math views until | came to this university.

One nontraditional (Nancy) and three traditional (Tasha, Taylor, and Theresa
preservice teachers believed their opinions about mathematics remained uddf@ange
the first to the second interview but due to other events in their lives. All foucipantis
felt that the university’s preservice mathematics courses for stangdeachers (Math

100, 200, and/or 300) altered their opinions about mathematics. Nancy, a Math 100



148

participant, described how Dr. Flores’ class changed her standard algorithmf vie
mathematics.

Since having come back to school and taking especially 100 where it is all about
approaching things from different perspectives because kids may see tbings fr
different perspectives. Dr. Flores gave us examples of work that kids had done.
They approached it in a completely different way than the standard or what |
know to be the standard way to do math.

Tasha commented on how different her experience with mathematics at ecdlegdren
compared to high school. She described how mathematics was like “a + b = ¢,” which
seemed to mean that she felt mathematics was fairly straightéband procedural.

Even though she did well in high school, she believed that she did not understand the
mathematics until she came to this university.

| left high school and | really didn’t like math. | always got good grades.dhiva
challenging. It was a + b = ¢ and that is the way it was. | think definékigg

math here has opened my eyes to how it is in your everyday life and the concepts
aren’t that hard to understand In high school, I did well but didn’t understand.
Here, | do well and understand. | knew how to do the procedures in high school
but now it is material that | can actually take with me and remember.

Taylor reiterated similar ideas about high school as Tasha. Tayloealsoked how she
made connections in college between the mathematics concepts, which can be
unexpected.

Before now, | don’t know if it was so much predictable because through high

school you keep learning and learning until the last couple of years, where you

use the same concepts. You are just broadening how to use math so | guess before
college here, it was more surprising than predictable. It is not so much predictabl
even now, but | think | have more knowledge and now | am using that knowledge
and putting things onto that knowledge and connecting that knowledge to other
ideas, but certain things are still surprising. Concepts | haven’t seen esiimgr
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Theresa further explained her belief change about mathematics and the iiblgdatmvin
her future career. She now sees the relevance mathematics holds indret life
understands how important a teacher is in inspiring his/her class.
Before Math 100, | would have thought of math as more fixed. Through taking
100, 200, and 300, my opinions about math has changed. That isn’t necessarily
because | like math more but I think | understand. | mean | could have liked math
if I had a teacher that had inspired me to really like math or taught it ifeeedif
way. | think | understand that part now more. It is not even necessarily gt |
my feeling towards math is necessarily different, but | understand whinki It
just understand why math is important and why it is relevant, and especially why
it is important for me as becoming a teacher. | think that has come from this
university.
Two nontraditional (Nadine and Norah) and two traditional participants (Taya and
Terri) expressed mixed feelings about their evolution of thoughts about matteemati
Norah, like Taya and Terri, felt that in Math 100 they learned specifically about new
strategies to solve problems. Nadine and Norah also believed that their work in the public
schools and with their families contributed to their beliefs about mathematitisieiNa
Taya and Terri, on the other hand, felt they held certain mathematics views, desides t
one about strategies, throughout their lives.
The last participant, Nita, mentioned how aging contributed to her changing
beliefs about mathematics that included intimidation and delight.
| think | have had an epiphany as | have gotten older because | still fokow t
whole attitude that | don’t like math but | don’t know why | say that because | do
like math. I think | am intimidated by math. But | think the more | know, the more
| enjoy it. As | started my college career over, a couple years agandeti.
Summary of Findings for Q3.
Preservice participants differed in the influences that affected tagiematics

beliefs. Some felt their mathematics beliefs remained unchanged througgtiolivées,

while others noted the influence of Math 100/200/300 on their mathematics ideas. In
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addition, some nontraditional participants described the influence of K-12 work
experience, family, and/or aging influencing their beliefs. In the fofigveection, |
transition from beliefs about mathematics to beliefs about mathematbsigan
particular, | describe the findings for Q4, the participants’ beliedgiamathematics
teaching.
Findings for Q4
Q4 How do nontraditional preservice elementary teachers perceive
“mathematics teaching” in terms of standards aligned and nonstandards
aligned teaching in comparison to traditional preservice elementary
teachers?
When | categorized preservice teachers’ views about mathematics et
Q4, 1 used a similar approach to my pilot studies. | grouped participants baset on the
strong opinions for standards or conceptually driven mathematics teachimg (ze
nontraditional and two traditional), for nonstandards or procedurally driven matbemati
teaching (two nontraditional and one traditional), or for a combination of the two (four
nontraditional and three traditional).
Standards Aligned Beliefs about Mathematics Teaching
| found evidence that zero nontraditional and two traditional preservice teachers
(Theresa and Tonya) possessed standards aligned beliefs about matheatdticg.
These two preservice teachers stated views of procedural teaching stidlir
mathematical understanding. Theresa explained how conceptual learningpcgouhel
arrive at answers, even if you do not see the answer or technique quickly, whereas
procedures cause confusion because of mindless steps.
Conceptual gives you a better understanding of what you are doing and why you

are actually doing it. That is probably a better learning style, conceptuastis, |
because if you are doing a test or if in your future classroom and a student asks
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you a question that you didn’t think of, then you can use the conceptual
knowledge that you had to kind of work it out and have an answer for them. |
think it is much easier to get lost in the procedural, but if you know the
conceptual, hopefully, you'd be able to kind of figure out the procedural from
there or what the appropriate procedural steps would be.

She further described the limitations of procedural learning with non-routine moble
that can arise during testing situations. If you only understand the procedureyuhen y
may be unable to solve problems on tests that look slightly different than you are

accustomed to working out.

| think it is still important to teach the conceptual because there arefa lot
exceptions to rules. On tests, you can study it all in one format but you'll
encounter questions where you have to know the conceptual understanding of it,
and you'll have to look outside the basic way that you have been doing it to figure
out the answer.

Similarly, to Theresa, Tonya stressed how she feels about the strengths of
conceptual learning and the weaknesses of procedural learning. Torkatfelt
conceptual learning resulted in students retaining the mathematics becguse the
understand the topics.
| have done procedural learning from my previous schooling, and | feel that is
why | didn’t learn as well as | should havel.think that is the main method
(procedural) a lot of my previous teachers used before coming to school here.
From actual learning the conceptual way, | think | would probably use more of
the conceptual way when teaching because it would stick with students longer. |
would probably try to stay away from using procedures as much as possible
because it is easier to grasp the concept and understand more where the numbers
come from and how it all works (by learning conceptually).
Nonstandards Aligned Beliefs about Mathematics Teaching.
Two nontraditional (Nadine and Nancy) and one traditional participant (Terri)

conveyed nonstandards aligned beliefs about mathematics teaching. NadinseeXipees

feelings about the value of procedural learning and how easy proceduraidaaras
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compared to conceptual. She remarked that memorization of rules cause@$ssost

her and procedures were what she valued.

| can memorize a lot better. | can memorize formulas, which helps metlearn i
With math, | like the procedural way because | don’t care why. | would probably
teach more procedurally. | usually get a headache when I think about why.
Learning conceptually was hard. It was really hard to do.

Nadine also commented on the importance of teaching her future students tinsgstable

nonstandards aligned concept. She discussed a strategy for her future teachimgdhe

utilize to help students grasp this concept.

One thing | would like to do when I'm teaching is I've noticed kids don’t know
their times tables or addition tables or any of those very well and...As | said, in
second grade, | was learning them and in fourth grade the kids didn’t know what
eight times eight was. | would like to keep that going and even if | was a second
grade teacher, | would want to have a couple problems on the board throughout
the day and that would be their problem of the day.

An additional idea with standards aligned mathematics teaching involvesthe us

of group learning. As with earlier comments, Nadine disliked this standardsalig

concept and described her frustrations when working in groups. She remarked on how

she would not voice her answer to the group in fear of causing conflict.

Sometimes, | have noticed that | get it but | can’t explain it to theng(owp)
because I'll get an answer and | know my answer is right, but I think they will
debate me on it so I let it go. That is why | don't like groups because you get
some people who are right all the time and don’t want to be wrong, and then you
get others who might be right.

Nancy, the oldest participant, also explained how procedural learning isra bette

fit for her than conceptual learning. She remarked on how she enjoyed the

straightforwardness that comes from procedural learning.

| think I like learning procedural learning better than conceptual learning.
Conceptual is so abstract. Abstractness doesn’t work for me and procedural kind
of gives you a why and how in a more concrete (step by step) way.
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Her mathematics teacher, Dr. Flores, discussed with me in an interview moy Na
struggled with the conceptual aspects of Math 100 and how her concerns with conceptual
issues may reflect in her future teaching. Dr. Flores further rechénkae Nancy
commented to her about her worries with future student questions that maydust diffi
for her to address.
She struggles with it (the conceptual learning). It is very different, obvidosly,
her age. It has been a long time since she has been in school. She was very
traditionally and very procedurally taught, and it is a stret€he’s concerned
about her abilities when she gets out there that she will really be able to tteal wi
these kids who ask questions about things differently than the way she has
perceived them. She has some confidence issues around that.
When discussing her future instruction, Nancy also detailed how she would utilize the
standard algorithm for addition and division instead of opting to use manipulatives,
which Dr. Flores taught during Nancy’s Math 100 class. Nancy described achets
never instructed differently than the standard algorithm for addition so she wouldtuse tha
method for her own instruction.
| don’t even remember any instruction that included blocks or manipulatives with
addition. There are times where you go, “Yes, this is the way that is dom&.” | ¢
see me doing that (standard algorithm) and just working through the addition with
students instead of using blocks.

One traditional participant, Terri, also commented about her desires to teach
procedurally to her future classes. Terri explained how she learned prdigeaiuiehow
algorithms would be faster than conceptual learning for students. Even though she
believed she would teach students both procedurally and conceptually, she focused on the

importance of procedures during interviews.

I've only done the procedural learning. It depends on what I'm learning, whether |
like learning using procedures because having a set formula makes tlsiegs ea
sometimes. | think the faster method would be the one they might want to use. |
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would probably show them the step by step first, and then show them pictures and

let them choose.

Standards and Nonstandards Aligned Mathematics Teaching.

Four nontraditional (Natayla, Nicolette, Nita, and Norah) and three traditional
(Tasha, Taya, and Taylor) preservice teachers expressed strengthsstbdéinds and
nonstandards aligned mathematics teaching. Natalya, the youngest nomaaditi
preservice teacher, stated how she might teach her future students with proaedures
visualizations. She further stated that by teaching this way students dhe peecedure,

which results in students understanding the concept.

When teaching, | guess | would just introduce both (conceptual and procedural
learning) at the same time. You know one at a time every time because | think

you might be able to see the procedure. You can see the procedure and envision it
because you have already done it and then you can say that it is right because |
did this and that’s the procedure. Actually, understanding the procedure is very
important.

Natalya went on to detail how the future students in her class will learn mulagkeaot
solving mathematics problems to enrich their mathematics knowledge. Strd&edm
about how true understanding comes from being able to explain mathematics through

various methods.

| just think the way they (students) would have to be able to explain it in a couple
of different ways would justify true understanding. It is not just the way that the
have read about or been shown on the board, but to show that you have thought
about it on your own and have an understanding of it well enough to explain in a
couple of different ways. Learning is more than a right answer becayme if

can’'t explain how you got the answer, then you can’t teach it to anybody else.

Natalya held several views that characterize standards aligned ratitftsetout she saw

drawbacks of some of them in her own learning, such as group work. She described to me

a detachment between her and the younger preservice teachers in her group who

discussed “childish” issues, such as dorm fights, parties, and boys.
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I’'m the oldest (in my group), and | fairly perceive things a little diffiélsethan

they do and they're freshman and they're girls too, and you know, they are girls
who fight and empty each other’s shampoo bottles and stuff. So you know, but the
work itself is fine but | think you notice the other stuff when you’re older maybe
Last semester, my group talked a lot about dorms and this party and that boy, this,
that, and the other and | feel really old now.

When discussing Natalya’s view of group work, Ms. Hernandez nodded in agreement

with all of Natalya’s comments from the above quote.
Nicolette explained how teaching her daughter using base 10 blocks allows her t

see the value in conceptual learning, as well as makes more sense to her daaiglihe

procedural learning.

| taught my daughter the base 10 block system, my 6-year-old first goadiye
blocks and | could tell the procedural way she didn’t understand, but the blocks,
she got. | would do some of both conceptual and procedural teaching of
mathematics. | think the conceptual is good and | would stress it. | would teach
conceptual first based on seeing my kids and seeing little kids, in genasal. | |
think it makes more sense.

Ms. Hernandez spoke in her two interviews about Nicolette’s need to learnamateri
conceptually. She detailed how Nicolette will ask her group to slow down and explain
topics conceptually so she can understand.
| think she does really well. There’'s some people in her group that think
procedurally and really don’t want to spend the time on the conceptual part. She is
the person that says, “Okay, why did you do that?” She really tries to foroe the
to stop and walk through the conceptual part with her. | wish every group had

somebody like that. She’s really good about making them stop and put some
thought into it and walk it through for her because she needs the time and the

effort to go through it that way.
| also saw Nicolette, during classroom observations, repeatedly telidugr @ stop so
she could understand the steps. When | asked Nicolette in an interview about Imer role i

the group dynamic, she expressed opinions similar to Ms. Hernandez and my

observations.
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| think it is important to understand the material because a lot of times the
concepts build so if | don’t understand the first one then | know | am going to
have problems down the road. | tell the group to wait because | want to
understand. | am vocal to try to understand.
Even though Nicolette believed conceptual learning is important, she also dibonbe
lecture would play a role in her future mathematics classroom.

In my future class, | would always like to start out with a little bit of tukeg
rather than just cold turkey because | feel | learn a lot better that way.

Ms. Hernandez reiterated in an interview Nicolette’s sentiments when éisahtiez
discussed how Nicolette seeks reassurance from her on a regular basis.

Nicolette asks her group and gets somewhere and she needs me to reassure her

that she’s right. She is looking to me more for the reassurance of authority than

for clarification.

The third nontraditional participant with combination beliefs about mathematics
teaching was Nita. Nita articulated the importance of a complete usaidirgy of
mathematics through different avenues of learning.

| think to get a full understanding, you have to see all different aspects of math.

You need to look at the procedural. You need to look at the conceptual, and you

need to look at real life scenarios to tie everything together. It completes th

picture.
Though Nita liked standards aligned ideas about mathematics teachinglikkd dis
certain aspects also, such as group work. Nita described a disconnect withuper gr
members, where she worried about childcare and her mortgage, not dorm lifdt She fe
she sacrificed a lot by coming to school and wanted to obtain as much knowledge about
the subjects taught that she could.

It's just very hard for me (to work in groups). It's very apparent that | am at a

totally different point in my life. That's just because I'm a nontraditiohadent.

It has nothing to do with the dynamics of the group. It's very hard for me to come
to class and sit and talk about what’s going on in the dorms. I'm like | have a
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mortgage and two kids. My biggest worries are $300 a week in daycare so | can

go to school. When | go to class, I'm like, “Okay, | want to get as muchaas | ¢

in this class.” | want to absorb, discuss, work through, whatever. | want to spend

my time wisely. I'm paying a premium, not just the class as a classbatnay

from my kids and paying for daycare.

Ms. Garcia, Nita’'s instructor, felt surprised about Nita’'s remalbksiagroup work. She
offered the following explanation about how well Nita seemed to work in her group.

It's a little bit surprising. | mean she seems to make the group assigmwakt

She seems to make that dynamic happen. As far as | could tell, she didn’t

necessarily have a problem with it besides one time.
| also thought Nita liked her group and the work because she seemed to alwalgateont
and help her table mates and ask questions of them. The only time | felt she distance
herself included an event towards the end of the semester where the pedsachers
could choose a partner at their table to work a group assignment. She told the other group
members to work together, and she would work by herself. In a later intervisked a
her about that incident. She made the following comment about her dislike for group
work and negative experiences working with younger classmates.

| hate group assignments. | hate group projects. | was fine not b&eu)tasbe in

a group. | have had so many group assignments this semester. I've learned a lot

about working. I'm 33 years old. I've learned a lot about working with 19 and 20

year olds in multiple classes.

Norah, the last nontraditional participant to hold a combination view about
mathematics teaching, discussed the dual importance of conceptual and procedural
learning. She conveyed how important conceptual learning has been to her in Math 100
and how her future students may feel the same way. For example, Norah dhetailed

fractions finally made sense to her through Math 100 techniques.

I've never experienced conceptual learning in my classes before. I'velgone
fraction bars in Math 100. | liked it because I'll be honest with you. | was alway
having trouble with fractions, and | got it the other day by picturing it so it was
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like, “Oh, I get it now.” I might even use this activity in my own class...l would
use conceptual learning a lot in my classroom. You are going to have students
who will understand it both ways, maybe some students just by looking the first
time are like, “Oh, oh, | know.” But then you are going to have those like me who
are going to be sitting there like, “I don’t know how she got that answer.” And so
if you break it down or draw it, maybe even with fraction bars.

Dr. Flores commented on Norah'’s value she places on conceptual knowledge, which is
also in agreement with my observations of Dr. Flores’ class.
| think she is very conceptually oriented because she focuses on understanding
and the questions she asks tend to be more along the lines as “Have | been able to
think about this correctly?,” as opposed to, “Is the answer correct?,” or “Is the
procedure correct?”
One time in class, Dr. Flores gave the preservice teachers a listtbprattems about
whether the remainder of a division problem mattered in certain situationdof&s F
stopped at Norah'’s table and listened to how Norah explained how the problem produced
multiple answers for her, depending on the circumstances. One of the problent®descr
how a shipman took seven passengers across on a ferry. Norah described houwdhe w
not go back to pick up the remainder of passengers because it would cause more pollution
than was necessary. Dr. Flores laughed but seemed to understand that Norah thought
differently about the problems and cared more about the mathematics thanghst
answer.
Even though Norah liked conceptual learning, she felt that procedures with topics
such as division, helped students understand common mathematics facts. She talked me

through a simple example of 45 divided by 5.

There was one topic | liked using procedures with. It was with division. Our
teacher showed us step by step. | liked it. | was able to figure out thatt ii5p
here (as the dividend), my remainder (when | put a quotient of 9) is going to be
zero.
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The first traditional participant with combination aligned beliefs about
mathematics teaching, Tasha, expressed how important knowing “why” isftaurer
teaching career. She remarked that she would always desire to b epéatn to
students how mathematics worked.

| like learning that way (conceptually) because you understand why arah# is

of those things, where you're not just told this is how it is because how are you

going to explain that to a student? | am not going to tell one of my students that

this is just how my teacher told me so this is how it is.
Tasha even went further to explain the importance of also incorporating procedural
learning into her teaching, especially for older students in college angirirfiuture
careers.

In my own class, | think | wouldn’t stress conceptual or procedural more because

they are both important. The procedural helps when they get into high school and

when they get to college. You can’t bring your blocks with you all the time. They
need to understand the procedure, especially if you are at a job and you are the
accountant and you can't bring the blocks.
Taya, one of the two youngest traditional participants, described how conceptual
understanding is important but procedures can help make the mathematics work quicker
than going through the conceptual thought process for every value. She believed that
conceptual learning should be taught first and that procedures then could be used to make

the problem-solving efficient.

As a teacher, | would definitely do both. It is important to know the procedures
and know how to make things shorter because sometimes students don’t always
see that. They are okay with doing the conceptual way and individually adding
every single thing up (say with multiplication and repeated addition) but a lot of
times it is very useful also to know a quicker procedure...| would definitely teach
the conceptual way first. | think it is more important to understand what you are
doing before you actually try to do different tricks with it.
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Lastly, Taylor discussed how she felt that several teachers use onlgiyrexce teach
their classes, in which students do not have to know why the mathematics works. She
remarked on how she would want to teach more than just procedures so that students
would know multiple ways to solve problems, as well as the conceptual underpinnings of
the mathematics.
Many teachers just give you a formula and you do this because that isytitasva
and they don’t explain why and so | think | am going to want to have my students
learn why it is that way because they might understand it better. | dgfinaat
them to learn how to do it in a few different ways and | think you can do that by
using group work or having somebody else teach somebody else how to do
something and pictures and manipulatives always help too. | definitely would not
just give them the information.
Even though Taylor detailed the importance of standards aligned approaches to
mathematics, she also expressed the need for the balance between procgdural a
conceptual comprehension. She felt that some mathematics topics may needgbtbe ta
one way more than another but struggled to give me an example.
| would want to try to stress the conceptual and procedural the same because that
is what it should be because | don’t think you should have one more than another,
unless there is a certain topic that needs one more than the other. | don’t know an
example of it but maybe.
Summary of Findings for Q4
Q4’s findings indicate that preservice teachers’ beliefs about matieemati
teaching fit into one of three categories: standards aligned, nonstandgmdd,and
combination of standards/nonstandards aligned. | found that | could group traditional
participants into one of the three groupings, while nontraditional participantsofibmly
the nonstandards aligned or combination of standards/nonstandards aligned

classifications. For the final question Q5, | discuss the participants’ raggonchanges

in beliefs about mathematics teaching.
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Findings for Q5
Q5 How do nontraditional and traditional preservice elementary teachers’
opinions about “mathematics teaching” evolve (as collective traditional
and nontraditional groups and as individuals) throughout a semester long

mathematics content course designed to teach preservice elementary
teachers in a conceptual format?

During the second round of preservice teacher interviews, | also read the
participants their initial comments about mathematics teaching and askiéemtheir
opinions about mathematics teaching changed during the semester or sommether t
Participants’ responses ranged from no change in beliefs to changesfsdogheng
from Math 100/200/300, family, or work experience. | summarize these responses from
preservice interviews and include pertinent quotes in the following paragraphs.

| found evidence that zero nontraditional and one traditional (Taya) preservice
teacher felt their beliefs about mathematics teaching were uncharaya discussed this
opinion in the context of how group work can be helpful. She remarked on how she
oftentimes worked independently but saw the value in multiple opinions and strategies
through group interaction.

| think those are probably the beliefs about math teaching that | have alicys he

| have worked, maybe not better independently, but | have always been good at

working independently. | acknowledge no individual is perfect so sometimes it is
helpful to be in a group and to hear multiple opinions and different perspectives
about that.

Three nontraditional (Nancy, Nicolette, and Nita) and five traditional @,ash
Taylor, Terri, Theresa, and Tonya) believed the university’s mathentaticses (Math
100/200/300) influenced their opinions about mathematics teaching. In her second

interview, Nancy stated how Math 100 influenced her opinion about mathematics. She

now felt that mathematics can contain some, maybe not much, standards aligned views
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about teaching, such as group work and manipulatives. She now saw value in seeing
others perspectives and the usefulness of hands-on approaches to learning.

| think | have changed [my opinion about mathematics teaching] because | have
had time over the duration of the class to see the other approaches, the other
visualizations, the other means. My mind probably opened up a little bit. | think |
would probably try group work in the older grades also and if it took a bad turn,
then | would change my approach. | think it is probably always worth a try now,
since | learned so much from groups. | also think | might loosen up a bit [about
manipulative] and use them in both because | found them useful in Math 100.

Terri expressed a view, shared by Nita, Tasha, and Tonya, that the reformed
mathematics at the university is different from their upbringing. Tetedthe
limitations in her early mathematics schooling that included only proceéaraihg
with no visualizations.
When | was taught math until now, there was really no visual. Teachers didn’t
show any pictures. They just gave us the procedure. Since going here, | rave bee
exposed to groups, manipulatives, etc.
Taylor and Theresa also discussed how they now believe that conceptual |esavitadg i
to student comprehension. Theresa detailed how her attitude change from prooedural t
conceptual learning occurred and how important conceptual learning, true undegstandin
is to her in the following comment.
Before coming to this college, I think | would have thought only procedures were
important. | don’t think | really understood what conceptual was and that it reall
is why something works, not just like this is the idea. It is like why something
works. | don’t think | understood that. | think I would have probably been more
focused on procedural knowledge.
Even though the university experience of Math 100/200/300 aided several
participants’ views about mathematics, two nontraditional preservice tedblatalya

and Nicolette) felt their children affected their belief about teactmathematics. Natalya

commented how her children’s learning styles changed her beliefs abzhihtp&he
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detailed how her son thinks similarly to herself with a visual influence, \nbile
daughter learns procedurally.

| think my son has changed my opinions and the way my children see it and how |
see it clicks for them and they get it and what's helped them learn it. And they
actually both learn in different ways. My son is visual like me and my daughter is
really procedural like my husband who was also a math major. It just kind of
clicks for her. And | just see her go so she is not that visual at all.

Nicolette mentioned the idea of the university helping her, in an earlier quote, but she
also discussed her children’s influence on her belief system, especiallsetioé group
work in the public school system. Unlike some parents, Nicolette commented, she
believed that her high achieving children benefit from helping others with their
mathematics work.

They (my beliefs about mathematics teaching) have changed since | have
graduated high school. They have changed in watching my kids and taking these
classes. | think group work is good. My kids are pretty high. I think it is good for
them. | know parents sometimes when their kids are a little higher end (gifted)
they hate it because their kid is not getting anything because they asigtijugt |

think it is good. It reinforces what you think when they work.

Two nontraditional preservice teachers (Nadine and Norah) felt that working i
the public school system influenced their view about mathematics teaclaidigeNirst
discussed the importance of memorization throughout school.

| think the procedural is something | always had because it was something easy
for me to memorize these things.

Nadine went on further to say that by working in the public schools, she learned that
manipulatives can help students learn mathematics.

| have had to work with kids and that’s the only way they would be able to see it.
It was sometimes the only way to keep their interest because other times they
would just be spacing off for something.
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Similarly, to Nadine, Norah detailed how working as a computer aide in the soools f
15 years molded her opinion about mathematics teaching.

| think | got my opinions more when | worked in the schools because before that,
it is just the way | know it and it is because of the teachers that | had.

Summary of Findings for Q5

Similar to the responses to Q3, preservice participants described influence
their mathematics teaching beliefs coming from K-12 work experiencédyfamd Math
100/200/300 classes. One traditional participant also felt their beliefs nengedha
throughout her life. The greatest influence for most traditional participagshe Math
100/200/300 sequence of classes. In the following section, | summarize all &aectes
guestions and provide models to synthesize the findings.
Summary of Findings

In Table 10, | summarized the findings for participants’ beliefs about matfesm
and mathematics teaching and participants’ final course grades irathel®D/200/300

course they were enrolled in during this study.
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Preservice Age Classification Classification Mathematics course Final
teacher mathematics  mathematics (with instructor) grade
teaching
Nancy 53  Standards Nonstandards Math 100 (Flores) C
Nicolette 36 Nonstandards Standards/ Math 200 (Hernandez) A
Nonstandards
Nadine 34 Nonstandards Nonstandards Math 300 (Garcia) B
Norah 34  Standards Standards/ Math 100 (Flores) C
Nonstandards
Nita 32 Standards/  Standards/ Math 300 (Garcia) A
Nonstandards Nonstandards
Natalya 31  Standards Standards/ Math 200 (Hernandez) B
Nonstandards
Tasha 20 Standards/ Standards/ Math 200 (Hernandez) A
Nonstandards Nonstandards
Theresa 20 Standards/ Standards Math 300 (Garcia) A
Nonstandards
Tonya 19 Standards/ Standards Math 300 (Garcia) B
Nonstandards
Taylor 19 Standards/  Standards/ Math 200 (Hernandez) A
Nonstandards Nonstandards
Terri 18 Standards/  Nonstandards Math 100 (Flores) B
Nonstandards
Taya 18 Standards/  Standards/ Math 100 (Flores) A
Nonstandards Nonstandards
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The table suggests a possible difference in nontraditional and traditioneippats’
final course grades. Two nontraditional and four traditional participants madeva’s;
nontraditional and two traditional participants made B’s; and two nontraditional and zero
traditional participants made C’s. Of the six participants who made A’s, othe hel
nonstandards aligned beliefs about mathematics, five held standards/nonstargiaeds ali
beliefs about mathematics, while one held standards aligned beliefs abouhatathe
teaching, and five held standards/nonstandards aligned beliefs about mathemati
teaching. Of the four participants who made B’s, one held standards dbiginefd about
mathematics, one held nonstandards aligned beliefs about mathematics, and two hel
standards/nonstandards aligned beliefs about mathematics, while one heldistandar
aligned beliefs about mathematics teaching, two held nonstandards aligeésl disdut
mathematics teaching, and one held standards/nonstandards beliefs abauatiesthe
teaching. Of the two participants who made C’s, both held standards alignésl ddmtiet
mathematics, while one held nonstandards aligned beliefs about mathemakicgtea
and one held standards/nonstandards aligned beliefs about mathematics teaching.

| created figures to synthesize the specific influences on nordradiand
traditional preservice teachers’ beliefs about mathematics amemaitics teaching that
included comments they explicitly mentioned during interviews. The four nmas li
going into the inner belief ovals are all solid lines since they represemt maj
bonds/themes in my research. The bold words and lines associated with each figure
correspond to the connections the participants specifically discussed in ingervie
influencing their belief systems. In addition, the number after each bold woeseeps

the number of participants who specifically mentioned that code word during interviews
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as an influence on their beliefs. All models provide a visual way to see tbesfdmat
affect preservice teacher views and what factors are more influlemtradntraditional
and/or traditional participants.

In addition to the lines themselves, the thicknesses of the lines in the mateematic
and mathematics teaching beliefs figures coincide with the number of pcesteathers
who remarked during their interviews about a concept under one of the themes. Thus, the
greater the number of preservice teachers who commented about how a certain aspe
influenced their beliefs about mathematics and/or mathematics teattt@rpicker the
arrow.

In the following paragraphs, | first discuss the nontraditional and traditional
participants’ beliefs about mathematics and then detail the nontraditionabditidal
participants’ beliefs about mathematics teaching. In Figures 4 anddyjdi@models
that synthesize themes for the nontraditional and traditional preservicentdeyne

teachers’ views about mathematics.
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Socio-cultural
Family (2)

P oo -) Standards Aligned Beliefs

Teacher Personality Surprising
Schooling (2) Real World
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Teachers' Beliefs about
Mathematics

Senses Nonstandardgligned Beliefs
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Manipulatives (Hands-on) Certain
Predictable

Visual (Puzzles)

Figure 4 Model for nontraditional participants’ beliefs about math.
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Nonstandard#\ligned Beliefs
Senses
. . Fixed
Entertaining Mathematics Certain
Manipulatives  \  Tteeell .. Predictable

Figure 5.Model for traditional participants’ beliefs about math.
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These first two models represent a combination of participants’ responses about
their beliefs about mathematics. The models are similar in structurertwtheds | used
in my pilot study research about participants’ beliefs about mathematicsagnelnatics
teaching. | modified the earlier pilot study figure by utilizing slé@m Raymond (1997)
about mathematics, including mathematics as “fixed, predicable, rddl wertain,
surprising, and changing.” | also changed the aspects Gedseso Entertaining
mathematicsManipulatives andVisualbecause these were the only ideas about the five
senses the participants commented about during interviews.

On inspection, the figures seem similar to one another. The linkSomio-
cultural to Standards Aligned Beliefs about Mathd the link fronSenseso Standards
Aligned Beliefs about Mathre the same thickness, while the links friSatio-culturalto
SensesandSense$o Nonstandards Aligned Beliefs about Maiffer only slightly from
one another. The biggest difference between the two models comes from thentink fr
Socio-culturalto Nonstandards Aligned Beliefs about Maflo help explain this
difference, | describe in the following paragraph my rationale for ag#te arrows’
thicknesses.

| utilized a system (See Table 11) for determining the thickness ofrthesaby
analyzing transcription data and keeping track of the participants who rembhdigcha
particular link between codes. | specifically examined comments made undedthe
words ofBeliefs about matiDefine mathandEntertaining mathematide tally
participants’ responses about their beliefs about mathematics. Analysiscohtheents
underBeliefs about matprovided the bulk of my findings, but | also discovered that

participants commented a substantial number of times about their beliefslisbilesing
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the definitions of mathematics and fun mathematics so | included those codes in my

analysis.

Table 11

Connections between Themes of Participants’ Beliefs about Math

Participant
category

Initial theme

Theme impacted Participant names

Nontraditional

Nontraditional

Nontraditional

Nontraditional

Nontraditional

Traditional

Traditional

Traditional

Traditional

Traditional

Socio-cultural

Socio-cultural

Socio-cultural

Senses

Senses

Socio-cultural

Socio-cultural

Socio-cultural

Senses

Senses

Senses Nicolette, Nita

Nonstandards alignedNorah, Nadine, Nancy,
beliefs about math Nita

Standards aligned
beliefs about math

Nadine, Nancy, Natalya,
Nicolette, Nita, Norah

Standards aligned Nadine, Natalya, Nancy,
beliefs about math Nita, Norah

Nonstandards aligned Nita
beliefs about math

Senses Taya, Taylor, Theresa

Nonstandards aligned Tasha, Taya, Taylor,
beliefs about math Terri, Theresa, Tonya

Standards aligned
beliefs about math

Tasha, Taya, Taylor,
Terri, Theresa, Tonya

Standards aligned
beliefs about math

Taylor, Tasha, Taya,
Theresa, Tonya

Nonstandards aligned
beliefs about math

Taya, Terri

From Table 11, it is apparent that the biggest difference comes from the famtlyha

four nontraditional participants discussed how socio-cultural factors influenced the
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beliefs about nonstandards aligned mathematics, while all six traditiohalgaants
discussed this link.

Similarly, for participants’ beliefs about mathematics teachinggdted two
additional models (See Figures 6 and 7) that detail the similarities aeceddées

between the beliefs systems of the nontraditional and traditional part&ipant
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Figure 7.Model for traditional participants’ beliefs about math teaching.
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The models resemble the earlier ones | created about participantts hbbet
mathematics, except that | included more terms from the pilot studyakesewler the
themes, such as repetition, lecture, conceptual, procedural, auditory, group wadgte mult
strategies, and group work. As with the participants’ beliefs about mathemhbére are
two links of the same thickness, the link betw8ewio-culturalandSensesnd the link
betweerSensesndStandards Aligned Beliefs about Math Teachihgo other links

differ slightly, the link fromSocio-culturalto Nonstandards Aligned Beliefs about Math
Teachingand the link fronSocio-culturalto Standards Aligned Beliefs about Math
Teaching The greatest variation comes fr@anses$o Nonstandards Aligned Beliefs
about Mathematics Teachinggain, | can examine my tally system (See Table 12) to
determine the thickness. | analyzed transcription data and kept track of therrmafm
participants who remarked about a particular link between codes. | specifispiected
remarks under the code wordsB#liefs about mathematics teachexgd Entertaining
mathematicsAnalysis of the comments undgeliefs about mathematics teaching
provided me the bulk of my tally findings, but | also found that participants commented a
substantial amount about their beliefs while discussing fun mathematics go | als

included those codes in my analysis.
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Table 12

Connections between Themes of Participants’ Beliefs about Math Teaching
Participant Initial theme Theme impacted Number of participants
Nontraditional Socio-cultural  Senses Nadine, Nancy,

Nicolette, Nita
Nontraditional Socio-cultural  Nonstandards alignedNadine, Nancy, Natalya,
beliefs about math Nita
teaching

Nontraditional Socio-cultural  Standards aligned  Nadine, Nancy Natalya,

beliefs about math Nicolette, Norah
teaching

Nontraditional Senses Standards aligned Nadine, Nancy, Natalya,
beliefs about math Nita, Norah
teaching

Nontraditional Senses Nonstandards aligned Nadine, Nancy, Nita,
beliefs about math Nicolette
teaching

Traditional Socio-cultural  Senses Tasha, Taya, Theresa,

Tonya
Traditional Socio-cultural  Nonstandards alignedlasha, Theresa, Tonya

beliefs about math

Traditional Socio-cultural ~ Standards aligned Tasha, Taya, Taylor,
beliefs about math Terri, Theresa, Tonya

Traditional Senses Standards aligned  Tasha, Taya, Taylor,
beliefs about math Terri, Theresa
teaching

Traditional Senses Nonstandards aligned Taya, Terri

beliefs about math
teaching
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The table indicates the biggest difference in nontraditional and traditionaipemts’

links among themes comes from the fact that four nontraditional participants and only
two traditional participants discussed the link betw@ensesandNonstandards Aligned
Beliefs about Mathematics Teaching

Summary of Models.

All figures indicate that the Math 100/200/300 sequence, otherwise known as
Schooling affected several nontraditional and traditional preservice elemeegatyers’
values about mathematics and mathematics teaching. Even though the mathematics
sequence of classes affected both groups of participants, the nontraditianglgvast
also explicitly stated other influences besides Math 100/200/300, such as fadnidy a
12 work experience. Nita even mentioned the idea of maturity, which she felt played a
role in her views.

The figures also detail the six main thenfésindards Aligned Beliefs about
MathematicsNonstandards Aligned Beliefs about Mathemafitandards Aligned
Beliefs about Mathematics Teachidpnstandards Aligned Beliefs about Mathematics
Teaching SensesandSocio-cultural Certain ideas persisted for all the preservice
teachers, including ideas about strategies and fun mathematics. Atvpegarticipants
expressed an interest to teach mathematics using differeng&saiacluding hands-on
manipulatives. Most of the preservice teachers (11 of them) felt mathssladicld be
entertaining. The link betweedocio-culturalandSensess the same thickness for
nontraditional and traditional participants in relation to their beliefs abodnemsaitics
teaching. Even though the link is the same thickness, the reasoning for dteating is

different; the nontraditional participants discussed their family, whilér#aitional
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participants commented about their past teachers. In the final chapiédiseuss the
connections between these findings and the literature, as well as iropBaatt my

research for research and teaching.
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CHAPTER V

DISCUSSION

In this chapter, | summarize my study, detail limitations of my rebedrscuss

connections between my research and related literature, and providaiopiof my

research to teaching, policy, and research. | also offer ideas for fes@a@rch into the

mathematics preparation of nontraditional and traditional preservicestsach

Summary of Research

| conducted a qualitative case study of 12 preservice elementaryree@ihe

nontraditional and 6 traditional) to analyze the following research questions:

Q1

Q2

Q3

Q4

What is the nature of nontraditional and traditional preservice elementary
teachers’ experiences with and/or perceptions about mathematics and the
teaching of mathematics?

How do nontraditional preservice elementary teachers perceive
“mathematics” in terms of standards aligned and nonstandards aligned
mathematics in comparison to traditional preservice elementary teachers?

How do nontraditional and traditional preservice elementary teachers’
opinions about “mathematics” evolve (as collective traditional and
nontraditional groups and as individuals) throughout a semester long
mathematics content course designed to teach preservice elementary
teachers in a conceptual format?

How do nontraditional preservice elementary teachers perceive
“mathematics teaching” in terms of standards aligned and nonstandards
aligned teaching in comparison to traditional preservice elementary
teachers?
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Q5 How do nontraditional and traditional preservice elementary teachers’
opinions about “mathematics teaching” evolve (as collective traditional
and nontraditional groups and as individuals) throughout a semester long
mathematics content course designed to teach preservice elementary
teachers in a conceptual format?

Nontraditional participants consisted of preservice elementary teachensanged in age
from 31 to 53, while traditional participants consisted of preservice teachersanged

in age from 18 to 20. | selected four participants from each of Math 100, Math 200, and
Math 300 classes. The instructors of each of the preservice teachers hath&ught
respective course in previous semesters and espoused to teaching philosdphies tha
embraced standards and nonstandards based beliefs about mathematics teaching. |
interviewed each preservice participant two times (approximatelyid&ennterviews)

and each instructor two times (approximately 30 minute interviews). In adtiition
interviews, | observed the participants’ in their respective Math 100/200/308<class
twice a month. This amounted to observing two 50 minutes classes per month in Math
100/200, as well as observing two 75 minutes classes per month in Math 300.

From the interview transcripts, | coded the data ulivityo and utilized content
analysis (Merriam, 1998) to look for overarching themes in the data. The following
discussion provides an examination of the findings within the context of relatetuliger
Discussion of Findings

| found six themes in the datatandards Aligned Beliefs about Mathematics
Nonstandards Aligned Beliefs about Mathematitandards Aligned Beliefs about
Mathematics TeachindNonstandards Aligned Beliefs about Mathematics Teaching

SensesandSocio-cultural In the following paragraphs, | explore these themes and the

links between my findings and the literature.
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Beliefs about Mathematics.

In my previous pilot studies, | struggled with teasing out the preservice
elementary teachers’ views about mathematics and mathematicsi¢gedain my
dissertation work, | utilized some of Raymond’s (1997) questions, where she
distinguished between mathematics and mathematics teaching througls afserie
guestions. My findings showed that two nontraditional participants (Nicolette and
Nadine) held nonstandard aligned views about mathematics; three nontraditional
participants (Nancy, Norah, and Natalya) held standards aligned; and one tionahdi
participant (Nita) held a combination of nonstandards and standards alignedfiew
mathematics. All traditional preservice teachers believed mathenatie a
combination of standards and nonstandards aligned ideas. Since all three Math
100/200/300 instructors espoused to teaching philosophies that incorporated procedural
and conceptual values, the instructor views might have influenced the traditional
participants. This influence may be stronger for traditional participants tha
nontraditional participants because older participants may know what theyebatid
have held their belief systems for a substantial period of time, while youngee peay|
still be trying to seek out what they believe. This finding is supported laye3a]1992)
article, where he discussed how individual’s recently formed beliefs @elikely to
change than their long-held beliefs.

As seen in my models, both groups of participants showed similar links betwee
Socio-culturalandStandards Aligned BeliefSensesndStandards Aligned Beliefs
SensesindNonstandards Aligned BeligfandSocio-culturalandSensesvith their

beliefs about mathematics. Most participants made links between soci@lcualéas and



180

nonstandards and standards aligned mathematics, which could be explained through their
exposure to Math 100/200/300 instructors who valued both procedural and conceptual
knowledge. From classroom observations, | watched how all three instructorsitatight
types of mathematics to the preservice teachers and explained the value oftheith t
understanding of the subject.

The biggest difference came from the link fr&wocio-culturalto Nonstandards
Aligned Beliefs about Mathvhere four nontraditional participants and all six traditional
participants mentioned this connection. The two nontraditional participants who did not
create this link via interviews were Natalya and Nicolette. Even thoughdar&zed
Nicolette’s views about mathematics as nonstandards aligned, she nevesedisnco-
cultural factors as the reasons for her views. On the other hand, | classitigthiSat
views about mathematics as standards aligned, which fits well with heresdmabout
mathematics that center around standards aligned concepts that she learnbdtroug
Math 100/200/300 sequence.

Another finding from my models that is not surprising to me was the weak link in
both models fronBense$o Nonstandards Aligned Beliefs about Malthdoes not seem
like a natural link to connect fun mathematics to procedural mathematicptsyrima
Nita, Taya, and Terri did. | classified all three participants as conninia¢liefs about
mathematics, which could explain why they feel that procedural mathematidsbe
entertaining. Taya and Terri, the two youngest participants, might alteogin@ons
about fun mathematics once they have taken all three preservice elemeattaaynatics

content courses.
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Through the course of time, whether it be the Math 100/200/300 sequence or
some other time, several of the preservice teachers in interviews gavewoaial
reasons for a change in their mathematics beliefs. Two nontraditional anddinemnal
participants believed the Math 100/200/300 sequence transformed their opinions about
mathematics. These findings support Steele’s (1994) mixed methods work, idnere s
also discovered that several preservice elementary and middle schoaldeacimged
their opinions about mathematics during a semester long mathematics methoels cours
Results from the mathematics beliefs surveys she gave at the begindititge end of the
semester showed that 18 out of the 19 preservice participants felt repeatex f
mathematics facts was unnecessary for student understanding and childddearoul
mathematics on their own. | also asked participants about giving studegtitoas
work, but most participants did not have strong opinions either way, which could be
because they were not enrolled in a mathematics methods course and had not thought
much about the idea of drill practice.

Similar to my research, some of the participants in Steele’s (1994) study
mentioned manipulatives and group work as helping them to understand mathematics.
Steele interviewed 5 of the 19 preservice teachers to gain further insagtitentbeliefs
systems. All five participants commented about times during the course, suctkesgw
with division with fractions, in which their thoughts about mathematics changed to more
discovery oriented views. In my work, not all participants felt the Math 100/200/300
changed their opinions about mathematics, which might be due to the bigger sampling |
took or the fact that all of Steele’s participants were students in her othésltahey

should respond in a certain way.
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When | investigated participant confidence in doing mathematics for both groups
of preservice teachers, | did not find a difference. Both groups’ confiderels le
averaged out to roughly 7 out of 10, where 10 represents very confident in doing
mathematics. This finding is encouraging for instructors, like me, of piesd¢eachers
who often hear preservice elementary teachers complain that they cannot do
mathematics; in actuality, many of the participants in my dissertdtidy gelt like they
can do mathematics.

Beliefs about Mathematics Teaching.

Similar to my work with beliefs about mathematics, | utilized some of Raygia
(1997) questions in relation to mathematics teaching, which | also used during my second
pilot study. | found that two nontraditional (Nancy and Nadine) participants and one
traditional (Terri) participant held nonstandards aligned opinions about mathematic
teaching; two traditional participants (Theresa and Tonya) held starizieseld beliefs
about mathematics teaching; and four nontraditional (Nicolette, Norah, Nita, and
Natayla) as well as three traditional (Tasha, Taylor, and Tayagiparits held
combination beliefs about mathematics teaching. These multiple opinions about
mathematics teaching support the work of Crespo (2003), Eisenhart et al. (1993),
Raymond (1997), Thompson (1984), and Vacc and Bright (1999). All of these articles
examine preservice or inservice teachers’ mathematics teachthgeaching strategies
that ranged from conceptual to procedural. A main difference between thesehess’
work and mine consisted of the fact that they all included student teachinglor fiel

experience in their investigations, which could be a future research extémsny work.
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Since all of the instructors of the preservice teachers believed in the ingsoofa
both conceptual and procedural learning, it is not surprising that most of the preservice
teachers also felt this way. This finding supports the mixed methods wobkippBu
and Christou (1998) and how preservice teacher programs can influence tedadesatt
about mathematics. Unlike my work with mathematics content-only courses, Philippou
and Christou conducted their research with preservice teachers who took two
mathematics classes about mathematics history and one about mathe @thincks m

As seen from my models, both groups of participants showed similar links
betweernSocio-culturalandSensesSocio-culturalandNonstandards Aligned Beligfs
Socio-culturalandStandards Aligned BeliefSenseandStandards Aligned Beliefs
SensesandNonstandards Aligned Beliefath their beliefs about mathematics teaching.
Even though the Math 100/200/300 sequence does not specifically contain pedagogy as
part of the course, its influence can be seen in several of the preseniezdeac
responses. The majority of both groups of participants discussed how socio-cultural
factors, including the Math 100/200/300 sequence, influenced their thoughts about
standards and nonstandards aligned mathematics teaching. Similar to threatieshe
beliefs models, | feel this connection could be due to the influence of the instrdcialrs’
importance they place on their own teaching of both procedural and conceptuablearni
Thus, the preservice teachers who have not taken a mathematics methods caarse utili
their recent experiences with mathematics teaching, which includes ctiorbineliefs.

This fact also coincides with several of the preservice teacher comdoeims

interviews, where they mentioned they had never thought about how they would teach
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their future mathematics class. After taking a mathematics methode cthag may
have had more time to contemplate how they plan to teach.

The biggest difference between the two mathematics teaching beliefs nvadels
the same major difference found in the mathematics beliefs model, the linsé&ases
to Nonstandards Aligned Beliefs about Malitiith the beliefs about mathematics
teaching model, four nontraditional (Nadine, Nancy, Nita, and Nicolette) and tw
traditional participants (Taya and Terri) made this connection. The link could be due to
the fact many of these participants held mathematics and/or mathematics§ beliefs
that were nonstandards aligned. Thus, they felt that fun mathematics could include suc
ideas as repetition, lecture, and procedures. On the other hand, Norah, Natalya, Theresa
and Tonya, the four participants with standards aligned mathematics or mathemat
teaching beliefs, did not make this link.

Analogous to the findings with beliefs about mathematics, several preservice
teachers (three nontraditional and five traditional) expressed change®fa akbut
mathematics teaching due to the Math 100/200/300 sequence. These findings are also
supported by the work of Steele (1994) and Swars, Smith, Smith, and Hart (2009), which
| will detail in the following paragraphs.

After taking a semester-long preservice mathematics methods ,cétesk
(1994) found that the preservice teachers in her class believed matheeaatwsg now
included such concepts as modeling and discovery. One participant in Steelhg's\&n
used the phrase “tour guide” (p. 21) to describe his/her role in teaching students. Also,
similar to my work, participants discussed at the beginning of the seftbster

experiences in mathematics classes and their plans for teaching niathientzere



185

several of the comments contained nonstandards aligned viewpoints. Then, at the end of
the semester, these views about teaching evolved into more standards aligmeshtsent

Swars et al. (2009) and my work contain related findings about how poeservi
teachers’ opinions about mathematics teaching changed due to a univerbity teac
program. Swars et al. conducted a mixed methods longitudinal study over fouresemest
including preservice teacher experiences in the schools and student teachiag, wit
cohort of 24 preservice elementary teachers. They utilized four different survey
instruments given at varying times throughout the courses, as well aseweihé of the
24 participants. Even though their program included such aspects as methodsammirse
experiences in the public school and ours included only instruction over mathematics
content, both created changes in several preservice teacher opinions abouiatizgthe
teaching.

Along with beliefs about mathematics, the preservice teachers atessied their
confidence levels for teaching mathematics. In contrast to the work d@wdryg et al.
(2009) that indicated that preservice elementary teachers’ sedafiabout teaching
mathematics increased as they progressed in their mathematics methreds,ddound
support, detailed in chapter 4, to suggest that participants’ self efficacy aaching
mathematics increased only for nontraditional participants for teachingr&d@ tevels.
This finding may be because the preservice teachers have only taken coursé4aitin the
100/200/300 sequence, which are mathematics content courses for preserviceagtement
teachers. Once the preservice teachers take their mathematics methedstbey may

have more confidence in teaching mathematics.
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In addition, the nontraditional participants as a whole, as stated in chapter 4,
reported a confidence rating of 9.6 out of 10 for teaching mathematics aBtigeade
level and 7.3 out of 10 for teaching mathematics at the 4-6 grade level. The traditional
participants’ confidence ratings were 7.7 out of 10 for teaching mathemateska:3
grade level and 7.0 out of 10 for teaching mathematics at the 4-6 grade level. Thus, it
seems that age, not Math 100/200/300 course, may influence self efficaclfondea
mathematics. A possible reason for the confidence could be the fact that 5 outlud 6 of t
nontraditional preservice teachers were parents and most of them helped ldirein chi
with mathematics. Nontraditional participants would often comment about how they
enjoyed learning the same mathematics concepts their children weiadealicolette
even discussed how she would take extra activities home to her children to work on, since
they were learning the same material. The other nontraditional partjdyznah, aided
her niece and nephew in mathematics. None of the traditional participantemadnti
tutoring of family members, which could lead them to not feel as confident with
mathematics, since they do not regularly help elementary-aged childrethienmaéics.
A further explanation for the nontraditional participants’ higher confidenedsién
teaching mathematics could be due to the fact that most of the nontraditiorcah atsi
had some experience working in the K-12 school systems, such as being a volunteer
(Nicolette), substitute teacher (Nancy), computer lab helper (Noraheaciet’s aide
(Nadine).

An additional finding related to the participants’ confidence in mathematics
teaching stems from social cognitive theory. When teachers possessflefficady in

providing instruction, they “may avoid planning activities they believe exceed the
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capabilities, not persist with students having difficulties, expend littbetets find
materials, and not reteach in ways students might understand better” (Schunk, 2004,
p.119). Thus, students who may have traditional preservice teachers as instructors, who
may hold lower self efficacy in teaching mathematics, may have a highece of
receiving less demanding instruction than those students who have nontraditional
preservice teachers as instructors.

Another contrast between my work and related research (Swars et al., 20@9) is
following:

Prospective teachers who had stronger beliefs in their abilities to teach

mathematics effectively generally had more cognitively orientédfseoward

the teaching and learning of mathematics. (p. 58)
With my research, the participants with the highest confidence rankings ialbigy to
teach mathematics (Norah, Nita, Natalya, and Taya) did not possess staligiaeds a
beliefs about mathematics teaching. Tonya and Theresa held standared béliefs
about mathematics teaching but ranked 7 and 10 (out of 12) in confidence levels about
teaching mathematics. This finding may come from the fact that Tomyateresa
struggle with doing mathematics but both see that learning conceptualticed to
understanding mathematics. They both value teaching mathematics for comprehens
rather than doing senseless steps, even though they do have some confidence issues
surrounding teaching mathematics. This discrepancy could also be because the
participants in my research had not student taught, unlike the preservice teathers i
work of Swars et al. By going through the student teaching process, the salf\effi

levels of the teachers could change, especially the traditional pantisiwvho have had
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little experience with K-12 schools, which could explain the inconsistenciessia the
findings.

All participants believed in the importance of teaching mathematics ia thay
incorporate all of the senses. Similarly, all of the participants destthe idea that
mathematics should be fun, which supports Collopy’s (2003) and Gellert’s (1998; 2000)
research on how some preservice elementary teachers expressed \tiemettaning
mathematics is an important aspect in their future teaching of mathenvatile
Collopy’s work contained interviews and observations, Gellert's work consisted of
student journals, which both differed from my data collection of preservice teacher
interviews, instructor interviews, and classroom observations.

Additional Findings about Connections between Beliefs and Grades.

A combined finding about the mathematics beliefs and the mathematiogtgac
belief classifications came from Nancy’s categorizations. She is tharticipant with
a classification of standards aligned and a classification of nonstandgrasdali
Specifically, Nancy held standards aligned beliefs about mathematicemstamdards
aligned beliefs about mathematics teaching. This discrepancy mightficoméhe fact
that Nancy willingly learned conceptually, but she still explained her futathematics
teaching procedurally. When | asked Dr. Flores about Nancy’s proposed procedural
teaching techniques Nancy discussed during our interviews, Dr. Flores dit not a
surprised because Nancy’s mathematics background from childhood consisted of only
procedural learning. Nancy felt more comfortable with her years oéguval learning,

as opposed to her newly acquired conceptual learning.
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Though Nancy believed mathematics consisted of standards aligned beliefs, she
and Norah obtained the lowest grades, C’s, out of the 12 participants. Both were enrolled
in Math 100. Nancy’s low grade may be due to her attachment to procedural methods.
She openly tried to learn new conceptual strategies but struggled with thelmater
During an interview, Dr. Flores commented on Nancy'’s difficulties with lasscl
because Nancy learned procedurally growing up and struggled with the conceptual
material.

| talked to Nancy today at the end of class about it. She struggles with it.fy is ve

different, obviously, for her age. I think she is even older than | am so it has been

a while for her. It has been a long time since she has been in school. She was very

traditionally and very procedurally taught, and it is a stretch. My feebogta

Nancy is she is not fighting the stretch like some students really don’t like you

presenting math differently than their comfort zone.

On the other hand, Norah embraced the standards aligned methods, but Dr. Flores
replied in an interview that she felt Norah’s mathematics background wasamay atrd
struggled with the material. Dr. Flores further commented that her difésuitere
different from Nancy’s.

Norah definitely struggles. | wouldn’t say she struggles the same wégray.

She struggles in a good way. I'm impressed with Norah because shedftstay

on a regular basis and ask me a question...Her background, | think, is weak. |

think it is weaker in some ways than someone like Nancy, but | also think she is

much more oriented towards understanding things conceptually.

Another possible explanation for their low grades could be a finding from Becker
(2001). He utilized data from theeaching, Learningand Computing(TLC) survey of
over 4,000 teachers of Grades 4-12 nationwide and discovered that, “Teachers with the
most constructivist teaching philosophies are stronger users of computers” {gy 11).

communications with Nancy and Norah consisted of either phone calls or meetings i

person, since neither used email; they were the only participants | havedwvbat |
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could not correspond to via computer. Since neither Nancy nor Norah utilized email, they
might have struggled more with the standards aligned material in the Math 100/200/300
sequence.

Limitations of My
Research

Even though | found several areas of discussion and links to literature, my study
includes three main limitations that | think are important to interpretingesults. They
include bias, participant sampling, and interview protocol.

| gathered, coded, and created tables of themes of all of the data for #relrese
which could lead to bias in my analysis of the data (Patton, 2002). To mitigate gdotenti
bias, | utilized member checking, expert checking, triangulation of data, and pee
debriefing (Schwandt, 2001). After | transcribed the interviews, | senttinem
participants for revisions and/or additions to their original answers. The panti€i
could add to their answers if they wish or alter any responses they felt needlgesctua
whatever reason. My advisor, as well as Raymond, examined certain wwtgnastions
and provided feedback. In addition, my advisor acted as an expert check and fellow
graduate students acted as peer checks for any other questions that arose.

Triangulation of data occurred through classroom observations, preservice
interviews, and Math 100/200/300 instructor interviews. During classroom observations,
| noted participant behavior and asked the participants (both instructor andipeese
teachers) about my observations. Preservice teachers commented about theaughin t
processes and beliefs, as well as their instructors’ teaching philoaoglother

participants who were enrolled in their class and whom they worked with alesge As
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a third line of triangulation, the Math 100/200/300 instructors detailed their opinions
about my classroom observations and preservice teacher comments.

The second limitation of my study included the fact that all my participants,
instructors and preservice teachers, volunteered (Patton, 2002). These particgyants
not be characteristic of all the preservice teachers and instructors atsityjwunder
research. These types of participants may be more motivated and highemgdthiami
the typical preservice teacher and Math 100/200/300 instructor.

Lastly, a third limitation of my research is my interview technique. | assemi-
structured interview practice described by Merriam (1998). Through thisiewer
procedure, | oftentimes asked participants multiple follow-up questions. Theseotfyp
guestions could be leading without me consciously knowing. Thus, participants might
answer a certain way because they feel | led them to answer a pastiayl Though
my research contains some limitations, | found possible benefits to teaching and
research that come from my work, which | explore in the following paragraphs.

Implications for Teaching
and Policy

In the discussion that follows, | detail three ways in which teachers can
incorporate findings from my research into their classroom instructions arvdagrie
incorporate into institutional policy. These include offering activities involtamgily
members as classroom protocol, providing additional tutoring and cohort support for
nontraditional preservice teachers, and giving traditional preservidestsagxtra support
and early experiences with teaching children to aid possible selfogfitcamcerns about

teaching mathematics.
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The first implication for teaching includes ways for mathematics irtstrsiof
preservice elementary teachers to incorporate family connections iartoella of their
courses. These links may make the class more relevant to preservice teduichrs
turn may lead to higher achievement rates of preservice teachers, lgspiexsa with
children. For example, instructors may include group projects where poestsachers
are required to teach family members of group members certain lessomreeavice
teachers develop. Preservice teachers can also teach a lesson typ méanfier of a
group member and reflect on the strengths and weaknesses of their deliverysutal wa
improve their own teaching skills and mathematical knowledge. Since nontraditional
preservice teachers in my study often talked about family members &sgtish for
their beliefs, all preservice teachers may benefit from this typdisitac

| also found evidence that the Math 100/200/300 sequence influenced traditional
preservice teachers more than nontraditional preservice teachers in téneis logliefs
about mathematics and mathematics teaching. In my experience of tgareseryice
teachers, | found it sometimes difficult to hold class discussions with preseachers
who would not entertain the idea of differing opinions to their own. Therefore, these
findings could help teachers, like me, to be reminded of the fact that presercleersea
especially nontraditional preservice teachers, may not agree witHdha rgays of
teaching mathematics. These nontraditional preservice teachers mdatavere
experiences working with children than traditional preservice teachezshlagv Based
on those experiences, the nontraditional preservice teachers may have almeady f

their opinions about mathematics and mathematics teaching. This awarendseetmul
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ease reform instructors’ concern about not feeling adequate as teacherselibey have
not affected the opinions of a particular group of preservice teachers.

| also found that nontraditional preservice teachers may have held higher self
efficacy towards teaching elementary mathematics than traditiortilpants.
Instructors could investigate this fact in their own classroom and let pieserachers
journal or discuss their concerns with mathematics teaching in hopes of abatengfsom
the apparent fears and challenges that especially the younger presacheestenay
feel. Instructors could also provide activities that they feel could eapedabervice
teachers’ apprehension toward teaching mathematics. This could be dormygall
preservice elementary teachers to read and write about research comdtiatefield
and provide an open forum for discussion. Through reading about others’ struggles and
successes in the classroom, preservice teachers might raise theitf@fficaey levels.

In addition, | found the nontraditional preservice teachers, Nadia (42), Nancy
(53), Naomi (34), and Norah (34), obtained the worst grades in the Math 100/200/300
sequence. Instructors of these courses may find it useful to encourage theseerese
teachers to seek additional support in the form of tutoring. Both of the oldest patficipa
Nancy and Nadia, discussed with me how they regularly sought help from the arstruct
or on-campus tutoring services. Some of the preservice teachers, such as &Nuataly
Nita, seemed to like to work with preservice teachers similar in age to ligructors
could be cognizant of this fact and may take steps to have older preservicesteaxhker
together some in class or through a few group assignments. This might include an
institutional practice to have a cohort of nontraditional students working togethelpt

build support systems with one another.
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Implications for Future
Research

By conducting this research, | discovered other avenues of exploration through
guantitative, qualitative, and mixed methods that researchers may use for aiwestig
traditional and nontraditional preservice teachers’ preparation in elemem#rgmatics.
In the following discussion, | describe six potential follow-up studies thatdecl
influences of family, Math 100/200/300 courses, entertaining mathematics, eultipl
teaching strategies, and inservice teaching.

| found a link between nontraditional preservice elementary teachers’ beliefs
about mathematics and mathematics teaching and family influerrese&rcher may
investigate this bond further by developing a preservice elementargteachse, where
preservice teachers include their family in their learning experiéngeantitative
research question the researcher could study may be, “Does familyd@uiséies
relate to higher preservice elementary teacher achievement?” Thevstuld be a
guantitative study of two classes, where participants would take a pre- andspaster
the content of the course; the treatment would be a series of participant devesspas
the participants would teach to family members over the content in the course.ehit
of the semester, the preservice teachers would complete a post-testbockegroup of
preservice teachers had the highest percent gains in scores. ThesevmgdIfgovide a
guantitative component to my dissertation finding about the effects of family on
preservice teachers.

A case study extension of the above study consists of the addition of participant
interviews to answer the research question of how do family-focused proj&ots aef

preservice elementary teacher learning in a mathematics content cesiggeed for
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preservice elementary teachers? A researcher could interview 8-g&R/mreseachers,
half with children and half without children. A difference may be found in these two
groups of participants or even among preservice teachers with older varagelyo
children.

Findings also suggested that the Math 100/200/300 sequence influenced the
traditional preservice teachers’ opinions more than the nontraditional partiaidnis
guantitative research question to follow-up this finding is, “Does age inflygeservice
elementary teachers’ transformation in their beliefs about matresnaait mathematics
teaching in mathematics content courses designed for preservientdeyrteachers?”
This could be a longitudinal study that spans the three course sequence (Matatth00-M
300). At the beginning of each of the Math 100/200/300 semester classes, pgeservic
teacher participants complete an attitudes survey with questions about theiorie
certain topics related to mathematics and mathematics teachingnltlerfg are
suggested sample questions with a scale of 1 to 5 with 1 being strongly disagree to 5
being strongly agree.

1. | feel confident teaching mathematics at the K-3 grade level.

2. | do not feel confident teaching mathematics at the 4-6 grade level.

3. | feel confident in doing simple mathematics (i.e., addition, subtraction,

multiplication, and division).

4. | feel mathematics is surprising.

5. | do not feel mathematics problems can be solved using multiple strategies.
A researcher could see what belief changes occur after everyteeargssee if age does

play a role in these beliefs.
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Even though preservice teachers might have explained their teachiagisfgrat
using only one method, all of the participants expressed the belief that they wimgd uti
multiple strategies in the classroom. A qualitative case study could irnttledesearch
guestion what is the nature of preservice teacher instruction about (insert atathem
topic). This teaching idea resembles a project preservice teachgiemahduring my
first pilot study collection. | selected topics for preservice teadbdeach, and they
developed a lesson plan, activities, and homework. Then, they taught the lesson to their
fellow classmates. This study would include classroom observations of theeday th
preservice teachers conducted their lesson, as well as pre- and post-istéraiew
centered on the lesson presentation.

My study supported Gellert’s (1998; 2000) research about how some preservice
teachers believed entertaining mathematics instead of substarthahmaéics is the
important aspect of a mathematics lesson. A quantitative study to confirrmthigyfis
centered on the research question, “Does preservice elementary teaoifere saund
mathematical knowledge for entertainment benefits?” A researcher cowider
preservice elementary teachers with a survey about mathematicagelaehefs. Sample
guestions consist of the following with a scale from 1 to 5 with 1 being strongly disagre
to 5 being strongly agree.

1. 1 would use a mathematics activity even if the mathematics content was

lacking, if | felt the lesson was interesting.

2. Mathematics lessons should always be entertaining for the students.

3. Mathematics lessons cannot be fun and full of mathematics content.
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As a connection to Raymond’s (1997) work that provided much insight into my
own research, a researcher could extend my dissertation work by following/jmese
elementary teachers into the classroom to see if there are any itemnessin their
belief systems. Raymond found that Joanna’s, Raymond’s participant, “practice was
more closely related to her beliefs about mathematics content than to by dedut
mathematics pedagogy” (p. 550). Through a mixed methods study, a researcher could
answer the research question what differences exist between tebehefs about
mathematics and/or mathematics teaching and their teaching pactice

Data collection could include surveys about beliefs about mathematics and
mathematics teaching. The pre-survey would be prior to participants agtgbs in the
K-12 schools, while the post-survey would be after a year of teaching. Thehesear
could also observe the participants and document changes in their teaching iirom the
survey answers. In addition, the researcher could interview the participansittepr
further information about their survey responses.

Through my dissertation and pilot study work, | have added to the literature
findings about traditional and nontraditional preservice elementary teacheesppans
about mathematics and mathematics teaching. Before my work, | had maingee
research about preservice elementary teachers and the examination téegecds on
beliefs systems about mathematics and mathematics teaching. | haed l@substantial
amount from this dissertation work, but there is still much more to examine andistudy.
am excited about the opportunity to take what | have learned in both teaching and future

research into my own classroom to potentially benefit preservice teauftal ages.
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APPENDIX A

PARTICIPANT INFORMATION SHEET



Participant Information Sheet

Name:

210

Age range (Circle): 18-20 21-24

If you have children, please list their ages:

CONTACT INFORMATION:

Email Address:

25-29

30-35

above 35

Phone:




211

APPENDIX B

INFORMED CONSENT FOR PARTICIPATION IN RESEARCH



212

Informed Consent for Participation in Research

Project Title: A Case Study of Pre-service Elementary Teddbevelopment in
Reflecting: A Pilot Study

Lead Researcher: Ann Wheeler, Graduate Assistant, School of Mather8atarades;

Research Advisor: Dr. Hortensia Soto-Johnson, Ph.D, School of Mathematical Science

We are interested in examining your development in thinking about mathematics and
teaching mathematics. For example, we want to know how you would approachra certa
mathematical topic with elementary students. In order to conduct this iratestigve
request your permission to contact you about three possible interviews. Thewgervie
will consist of a 30-minute meeting to discuss your current pre-servicerdkmye
mathematics course. This conversation will be audiotaped, but only the peogle liste
above may listen to the contents of the audio. To further help maintain confidentiality,
computer files of interviews will be created and names will be replacecebg@syms.

Your name will not appear in any professional report of this research.

The risks of participation in the study are no greater than those assodgtatéaking a
college mathematics course. By participating in this study, mathemdticaters may
have a better understanding of the way traditional and non-traditional pre-service
elementary teachers think about mathematics and mathematics te&ldmpagrticipation
or withdrawal from the study will not affect your standing in the classufdo choose
to participate, you will not be identifiable in final report(s) about the stuatyickbation
is voluntary. You may decide not to participate in this study and if you begin
participation, you may still decide to stop and withdraw at any time. Your decisgil

be respected and will not result in loss of benefits to which you are otherwissdenti
Having read the above and having had an opportunity to ask any questions, please sign
below if you would like to participate in this research. A copy of this form widitzen
to you to retain for future reference. If you have any concerns aboutefeatien or
treatment as a research participant, please contact the Sponsored eygtam
Academics Research (omit contact information).

Thanks in advance for your participation.

Sincerely,

i?esearcher’s Signature Date

Research Advisor’'s Signature Date

Participant’s Signature Date Participant’s

Full Name (Please Print)
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Sample Math 200 Final Exam Questions

1.

Use a pan balance and algebra to solve the equitior® = 3x + 13 Be sure to
draw the pan balance and to write the associated equation and equality-preserving
action for each step. (6 points)

Give an example of a list of numbers where the IQR (interquartile rangej woul
be 35. (10 points)

Consider below the repeating pattern. (6 points)

OOOOIROOOOOLIRNO

a. What shape will be in the 5%2position?

b. How many circles will appear between and including tharid the 2090
position?

For the following scenarios, state whether the probability can occur of ias. |
possible, give an example of a scenario that would have the given probability.
(12 points)

a. 5/2

b. 0%

c. 1

Suppose you are tossing one six-sidedwiee in a row. (6 points)
a. What is the probability of getting a result that is divisible by 3 (i.e., a
number that when divided by 3 has a remainder of 0)?

b. What is the probability of not getting a number divisible by 3?

Write and solve a probability problem where P(A or B) = a % from 70%-90%.
State the problem and then show work to find the answer. (10 points)

Create a set of 12 numbers in which the range is 32, the mode is 10, and the mean
is 16. (6 points)

8. (5 points) Tim is considering opening a running shoe store in a local town. The

town’s population is 80,000. Before opening his store, Tim decides to conduct a
survey to determine how many people in town are interested in running. He is
mostly concerned about having the right proportions (percentages) of certain
populations. Based on the above information, what kind of sampling should he
conduct?
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Sample Reflection

A great way to find ideas to use in your classroom lessons is to search thd.Interne
1. Find three websites that discuss slope.
2. Make a copy of the first page of each website to turn in with your reflection.
3. Write a 3-5 paragraph essay that addresses the following points:

a. Summarize the information on the websites.

b. Describe what you learned about teaching from the websites. (For example,
were the websites good tutorials to learn about slope? Did they present the
material in ways that were conducive to learning?)

Describe whether and why you feel prepared to teach these ideas, and
Describe what we have done in class (in your groups or as a whole) to
reinforce the ideas presented in these websites.

oo
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Teaching Opportunity: Probability
GROUP PROJECT (40 points):

For the last part of the semester, each table will have the opportunity to preseat a topi
about probability. This project will let you have a chance to develop a lesson plamwith a
activity and homework. | will give each table a topic with a date to present, andlwe wi
spend Wednesday and Friday developing this lesson. You will be given an ensire clas
period to teach your lesson.

Each lesson should include:
A typed lesson plan that you will give me the day you teach, which at least
should include lesson objectivésg., “Students will be able to...”), materigisu
will need to teach, and an instructional pthat details what you plan to
accomplish during the class (10 points)
A class activity (10 points)
A typed homework assignment that | will grade (10 points)

You will also be graded (10 points) for presentation. | will grade based on how prepared |
feel you are with the material and how you conduct the class.

Experimental probability (Nov. 5—Mon.)
Terms—sample space, event

Theoretical probability (Nov. 7—Wed.)
Concepts--complement of an event, probability of gettinga Oora 1

Fair and unfair games (Nov. 9—Fti.)
Multi-stage probability (Nov. 12—Mon.)
With replacement—independent events
Tree diagrams

Multi-stage probability (Nov. 14—Wed.)
Without replacement—dependent events
Tree diagrams

Permutations (Nov. 16—Fri.)
Organized list, tree diagram, table

Combinations (Nov. 19—Mon.)
Organized list, tree diagram, table

The Monty Hall Problem and other applications (Nov. 26—Mon.)
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Sample Questions from Ms. Hernandez’s Math 100 Tests

1.

(9 points) List the first 5 multiples of the following numbers, not including the
given number.

a. 12
b. 19

(5 points) Explain using your knowledge of the models of division why it does not
make sense to divide by zero.

(10 points) Find the Least Common Multiple and the Greatest Common Factor for
the numbers 72 and 96.

(8 points) For the number 4,618.726935
a. Round to the tenths place.
b. Round to the tens place.

(9 points) Using the meaning of fractions, explain \,gfh:yg%g. DO NOT use
multiplication by 1. Draw a picture to support your explanation.

(12 points) Compute the exact solutions to the following problems using mental
math. Show how you grouped the numbers to show your thought process.

a. 2x21x2x25
b. 17+26+13+24

(10 points) Evaluate each product. Write the answers in both exponential form
and positional (expanded) form.

a. 3"x3?

b, 2°+2°
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Sample Questions from Dr. Ramirez’s and Wheeler’s Final Exams

Directions: Answer each of the following questions. Be sure to show your work where
applicable in order to receive full credit. Form, grammar, and good tdkteewgraded. Be sure
to complete all calculations.

1. What is the angle sum of the following polygon? Explain your reasoning. Meaguging
angles does not cour{® pts)

2. If one angle of a parallelogram measures 120° then what are the meésluees o
remaining three angles? Explain your ans\#pts)

3. Miguelito says, “It is possible to have an isosceles trapezoid withgie measuring 70°
and another measuring 100°.” Is Miguelito correct? Why or why not? How do you
reinforce his thinking if he is correct? How do you correct his misgiwees if he is
incorrect?5 pts)

4. If a circle has a circumference af 8m, then what is its areé2pts)

5. Suppose that the length of the shortest side of a 30-60-90 triangle has a length of
6, what is the length of the other two sidéspts)
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Pilot Study I: Sample Interview | Questions

1.

10.

11.

12.

13.

14.

How would you think you might foresee yourself teaching mean, median, and
mode to your future class?

What does activity based learning mean to you?
What do you like about activity based learning?
What do you dislike about activity based learning?

Would you foresee yourself using activity based learning in your future
classroom?

What does group learning mean to you?

What do you like about group learning?

What do you dislike about group learning?

Would you foresee yourself using group learning in your future classroom?
What does discovery based learning mean to you?

What do you like about discovery learning?

What do you dislike about discovery learning?

Would you foresee yourself using discovery based learning in your future
classroom?

Based on your responses, is there a different way you would have approached
teaching mean, median, and mode?
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Pilot Study | and 1l: Sample Interview Questions

1. Thinking back to your elementary schooling, are there any mathematicsréethete
stand out to you as good teachers? Explain why you would categorize them in this
way.

2. Thinking back to your elementary schooling, are there any mathematicsrsethetie
stand out to you as poor teachers? Explain why you would categorize them in this
way.

3. Thinking back to your secondary schooling, are there any mathematics tehahers
stand out to you as good teachers? Explain why you would categorize them in this
way.

4. Thinking back to your secondary schooling, are there any mathematics tehahers
stand out to you as poor teachers? Explain why you would categorize them in this
way.

5. Are there any past mathematics teachers at the college level that stemgicaugs
good teachers? Explain why you would categorize them in this way.

6. Are there any past mathematics teachers at the college level that stemglaauas
poor teachers? Explain why you would categorize them in this way

7. 1f you had an elementary student who refused to learn conceptually, how would you
respond?

8. If you had an elementary student who refused to learn procedurally, how would you
respond?

9. Describe how you would teach an elementary student about (insert Math 1/2/300
topic).

10.If an elementary student just could not understand the concept of (insert Math
1/2/300 topic) through conceptual learning, how would you further help him/her
comprehend the concept?

11.What do you believe are the main goals, or objectives, you should get across to your
elementary students during a mathematics lesson?

12.Do you feel that a central purpose of mathematics lessons should be the concept of
fun? Explain.
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Pilot Study I: Sample Interview Il Questions

1. From previous interviews you said that you like group work, to teach 50%
conceptual and 50% procedural, real world problems, going vague to specific
with questions, have students to put answers on the board, have fun lessons, and
have students to not be afraid to ask questions. Would you still agree with these
statements?

2. Looking back on the lesson you helped with teaching on theoretical probability,
do you feel you included

group work? Explain briefly.

50% conceptual and 50% procedural learning? Explain briefly.

real world problems? Explain briefly.

asking vague questions(with no context) to specific questions (that talked
about scenarios)? Explain briefly.

e. have students work on the board? Explain briefly.

had a fun lesson? Explain briefly.

g. have students not afraid to ask questions? Explain briefly.

apop

o

3. If you did not include some of the above, why did you not?

4. If you taught this lesson by yourself, would you have done anything diffe?ently
Explain.
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Pilot Study II: Sample Interview Il Questions

Demographic information
IDLA emphasis:
Age:
From the first set of interviews, certain concepts kept coming up from my 8 @wstvi
For the first part of this interview, | will state certain topics, and | wokklyou to tell
me in what ways the terms have meaning for you and your future teaching.
1. What does conceptual learning mean to you?
a. Have you experienced conceptual learning? How do you know?
b. If so, in what ways?
2. What does procedural learning mean to you?
a. Have you experienced procedural learning? How do you know?
b. If so, in what ways?
3. How, if any, will lecture play a part in your future teaching of mathesfat
4. Do you foresee using group learning in your future teaching of mathsfatic
a. In what ways?
b. Same ability versus different ability grouping
5. What does discovery learning mean to you?
a. Have you experienced discovery learning? How do you know?
b. If so, in what ways?
6. How, if any, will real world problems play a part in your future teaching of
mathematics?
a. Why?
7. s hands-on learning important to you as a student?
a. As ateacher?
8. In what ways, if any, do manipulatives play in a mathematics classroom?
9. Define fun in respect to mathematics?
a. Should mathematics be fun? Why?
10.What role do you feel a teacher’s personality plays in teaching mathematics
11.Do you believe in using multiple ways to teach a concept?
12.How much should teacher help students in solving problems?
13.Is teacher organization important to you?
a. In what ways?
14.Should students always be able to visualize mathematics?
15.How do you feel about teacher and student presentations in a mathematics
classroom?
16.How do you envision teaching your future classroom to ensure that your students
are learning conceptually?
17.How, if any, would you teach mathematical concepts differently K-3 vers®s 4
18. For the last part of the interview, | want to know how you might address the
following concept to your future elementary student.
MATH 100—addition of 2- and 3-digit numbers (23 + 199)
MATH 300—rigid motions of the plane (rotation, reflection, and translation)
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Summary of Code Words and Usages

Code Words Quotes

Auditory The rhymes help me remember things (hit flow get....)

Participants Bought a CD—about adding (singing)
mentioned

teaching

strategies

involving

auditory

(hearing).

Connections  Applying different subjects

Participants Maybe write about it.

commented

about relating Can relate to science-

mathematics to Ex., butterfly lesson (symmetry and science)
other

disciplines, For example, if | do the ocean—and pull everything into that so they are

such as science learning all these different subjects through one main theme.
and history.

| remember in ?' grade , we had an old west theme which was so cool. We
did a play with the literature. It was like the western movement and

learning history. It was really cool because we were incorporating

everything we were doing in two weeks on intense studying. We had a big
dinner. It was something like a pilgrimage and all our parents came and we
put on a play. We made these books. It was cool because we got to

experience the culture. It was really neat.

Discovery He would be like, okay figure this out. He really hadn’t taught us anything
Learning to figure it out with. | know experimenting with some ideas is good, but in
that class we didn’t know anything to start off with so that was really hard.

Participants

talked | like discovery learning because it helps you remember the matera bett
specifically because you figured it out by yourself. It is more than the teacher talking
about discovery about the concept because you won't remember it (teacher lecture) as much

learning, which as discovery learning
often included

discussions To some extent, | would use discovery learning (in my teaching). (Ex., like

about the filling the shape to find the volume)

meaning of

conceptual Some topics would be better for discovery learning
learning.

| would probably use discovery learning it would just be hard to figure out

when and what.



Entertaining
Mathematics

Participants
discussed
mathematics
and/or
mathematics
teaching as
entertaining or
fun.

Family

Participants
commented on
their family,
such as
siblings,
parents, and
children.

Future
Teaching

Participants
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| think that is when we started learning algebra, and she made it really fun
by me being able to understand it. When | understand the math, it is fun.

| want to make math fun. Growing up, everybody said that they hate math
and are horrible at math.

| think | had a math teacher one time that was too into making math class
fun that we didn’t learn anything.

Fun is activities where they learn something

Fun parts need to be brought into a math class because a lot of people don't
like math and activities are one way of doing that

Algebra is fun, but other people don’t think so...

| was talking to my dad about this the other day. We were talking about
how boys usually weren't interested in math, and he was saying about how
you could use football stats to figure out how fast the pass is and to convert
into different units.

What is cool is when they start applying that outside of school with their
family because | have a 7-year-old sister and she will come home and be
like it's probably snowed 7 inches right now and that is this many
centimeters. She applies everything she is learning and it is reallpneat
see that. And she is like, “I learned the metric system.” It is very ititgyes
to see that in a second grader

After have son—put more effort in, don’t know teacher style or attitude
change

Have 3-yr-old—can’t spend hrs working on a problem that is wrong, and
spend another lengthy amount on time

4 year old son—totally sees how blocks help (can see with child and he
uses blocks)

| would have a set amount of time to go over the shapes everyday—maybe
flash cards.

| would do hands-on...Maybe not blocks because blocks are 3-D and if you

discussed their are just learning the shapes...Maybe have them come up and draw a square

future teaching
methods.

on the board or cut a square out of their papers



Group Work

Participants
mentioned
ideas about
group work or
group learning.

Hands-on =
(Manipulatives)

Participants
mentioned
ideas about
hands-on or
manipulative
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For 4-6—1If | made flash cards, | would make them more complex by
adding in equilateral and isosceles. | don’t remember which grade that is
when you do those but would in properties.

| would have students come up with properties on their own after going
over basic stuff.

| think when you are first starting a concept, you can lecture about it for a
little bit. Lecture is such a funny word when thinking about elementary
school.

| think it would be cool to like how you have a glass of water (soda) and
see how much volume they are putting into themselves. That's kind of hard.
(hands-on)

They definitely need to so maybe | would group them or partner them with
a friend in the class that was interested and that cared.

| think it would be better to talk to them one on one or with a few kids
because for me learning best is me, a few other kids, and the teacher. That's
just the easiest way. You're not afraid to talk if you have questions and
you’re not intimidated to talk to the teacher because you’re not alone.

| think | would structure my class with groups, maybe not every day. It
would depend on what we are learning or doing, but | would definitely
incorporate it into my classroom.

My favorite class is'§ grade. We all had are separate desks, which were
grouped together. That worked really well because it wasn't like rows. |
liked working with the 5 people and getting to know the people. | might do
that grouping in my class

It depends on what we are learning whether students will be in groups.

| feel there are some things you need to do on your own or you won't learn
it, but there are other activities that are better as a group and learerdiffe
methods.

If I try to push another way of teaching, it may not make sense in their
head, when blocks could.

4-6—1 would push how you need to actually learn the procedures then just
looking at blocks because by then your mind has developed further and
more stuff makes sense

| would do hands-on.



use (three
dimensional
objects). These
comments
often included
discussions
about
conceptual
learning.

Lecture

Participants
discussed the
use of lecture
in the
classroom.

Mental
Mathematics

Participants

talked about the

idea of mental
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Maybe not blocks because blocks are 3-D and if you are just learning the
shapes.

Maybe have them come up and draw a square on the board or cut a square
out of their papers

Blocks would be good I think, but that is going into 3-D shapes, which is a
sphere not a circle, which is a big mistake that people do confuse those,
which is odd though.

4-6—If | made flash cards, | would make them more complex by adding in
equilateral
and isosceles.

Maybe some hands-on, not as much
The Feeley Box—I really liked that idea because you do need to know the
concepts of the shapes. That could be like for the higher level because you

do need to know the properties of the shapes. (4-6).

Hands-on is good for shapes but | don’t know how you would do hands-on
for algebra

Manipulatives fall more under conceptual because that is more of a hands-
on type of thing and that’'s more of concepts.

He (teacher) came everyday with his notes and wrote his notes on the board
and explained as he went.

| think when you are first starting a concept, you can lecture about it for a
little bit.

Lecture is such a funny word when thinking about elementary school.

| would lecture about 10 minutes because they don’t have a long attention
span.

Then, go into the idea of making 199 into 200 and 23 into 22 and then
make the problem much easier (using mental math)...So, add ones, carry
the one over (first way to teach)

Then, show the mental math

They could also round 200 + 22. It is the mental math and nicer numbers

mathematics or | think mathematics is very visual but also when it comes to real world

estimation in
their heads.

issues when you are using math in your head and stuff or when you are at
the grocery store because you need to know how to do that stuff too.



Multiple
Strategies

Participants
discussed the
idea of multiple
ways to teach
or learn
mathematics
topics.

Procedural

Participants
discussed
procedural
learning using
terms, such as
procedural,
algorithms,
and/or
procedures.

Real World

Participants
discussed real
world
application
problems that
involved ideas
about cooking,
household
items, and
other daily
activities in
their lives.

Repetition

Participants
mentioned the
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He was really clear. If you didn’t understand something, he would go over
it another way (or later go over it in another way.)

Even if the student tried and still refused, | might try different ways.

| would use multiple ways to teach a concept because people learn different
ways

| don’t want to be predictable (not always procedures). One day use a
certain manipulative and the next day to change it up (maybe visual or
algorithms or discovery).

K-3—If that's the way they're remembering it, then that's okay. Because
when you’re that young, you're trying to remember to do things a certain
way.

4-6—I would push how you need to actually learn the procedures then just
looking at blocks because by then your mind has developed further and
more stuff makes sense

| would probably use procedural more at the elementary level because | feel
it is more helpful than just here is the basic stuff and learn the rest on your
own. Step by step will be easier for littler kids.

| would then move into the procedures.

Maybe have them try to recognize different shapes in their daily lives. That
is another good thing for students who say they will never use math in
everyday life that | just thought of. Oh, that table is like a circle. Make them
see the connection, which may make them remember better than just
blocks.

We were talking about how boys usually weren’t interested in math, and he
was saying about how you could use football stats to figure out how fast the
pass is and to convert into different units.

| use to hate word problems, but that is really the only way to incorporate
real world and to actually use someday.

K-3—Have everyday items they see as a cereal box is a rectangle @& mayb
ask them to find a rectangle in their house (hands-on)

He would say 2 words at the beginning of class and then tell us our
homework and then we would work on homework all day.

Lot of wkshts in class—walked around and help
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use of multiple

worksheets, She gave lots of examples and worksheets, similar to high school
examples, or

problems to Lot of examples and lots of hmk (visual)

learn concepts.

Research K-3—It will be very simple. Just the other day, Dr. () was talking about
Chinese students and how they go over addition problems repeatedly that

Participants when they get to 3 digit problems it is a lot easier

detailed

research related K-3—I would do some research to see if there was any alternatives to

ideas, such as working with blocks. Maybe you can work with M and M’s. If they didn’t

books and want to work at all with hands-on, then | would sit down with that student

articles they and come up with a worksheet that we could do together

have read about

mathematics. Liping Ma--Talk about Dr. () discussion with student who was from China

Also,

participants

commented on

researching

topics to gain

understanding

about topics.

Teacher He didn’t run the class well and all of us in the class were confused about
Personality what he said and how he said things. | didn’t really learn anything.

Participants He cared about us as people, not just you need to learn math.

described their

past teachers He would do notes and everything, but when we had questions, he really
and the role of wouldn’t answer anything. He would be like, okay figure this out. He really
teacher hadn’t taught us anything to figure it out with. | know experimenting with
personality in  some ideas is good, but in that class we didn’t know anything to start off
the classroom. with so that was really hard.

Right, I think it is more about how the teacher liked me. That was a big deal
and is still a big deal. | don’t want my teachers to not like me or help me.
The teacher knew | was a good student and would take notes for those who
needed someone to take notes.

You have to be having fun. You can’t put one of those teachers who is
bored with it. You have to make it seem like it is not horrible. It's not
horrible, but students still think it is so you have to trick them into thinking
it is not. Maybe not trick them....



Technology

Participants
commented on
computer
programs,
videos, and lab
equipment.

Visual

Participants
commented on
the use of two-
dimensional
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Things like Geometer's Sketchpad, where you move one point and it moves
the entire picture.

| remember watching nerdy videos, which were cool. It was good to get
away from the blackboard.

Also, bringing up those questions and finding those questions. For example,
if you are doing a unit on rocks or something, you could bring in a magic
school bus movie or something

Went to lab and find different shapes (technology)

Infomercial on Newton’s Law

Maybe have them come up and draw a square on the board or cut a square
out of their papers

Maybe do drawing also, not cutting out.

You shouldn’t always have to visualize math because it depends because

objects, such asthere are different visuals For ex,. For geometry, there are blocks

drawings or
worksheets
with pictures.

Algebra and basic addition it is harder to visualize besides just numbers on
paper
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Participant Information Sheet

Name:

Age:

Class Instructor/Time:

If you have children, please list their ages:

CONTACT INFORMATION:

Email Address:

Phone:

Days of the week and times best for interviews:
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Informed Consent for Participation in Research (Preservice)

Project Title: Traditional and Nontraditional Preservice Elementaachers’
Perceptions about Mathematics and Mathematics Teaching
Lead Researcher: Ann Wheeler, Graduate Assistant, School of Mathe/Beitraes

Research Advisor: Dr. Hortensia Soto-Johnson, Ph.D, School of MathematicaeScie

We are interested in examining your development in thinking about mathematics and
teaching mathematics. For example, we want to know how you would approachra certa
mathematical topic with elementary students. In order to conduct this iratestigve
request your permission to contact you about two interviews. The interviewsmslst

of 45-60 minute meetings to discuss your current pre-service elementhgnmatics

course. This conversation will be audiotaped, but only the people listed above nmay liste
to the contents of the audio. Audiorecordings will be erased after the work has been
published. To further help maintain confidentiality, computer files of intervieWdgevi
created and names will be replaced by pseudonyms. Your name will not appear in any
professional report of this research. In addition, we request to have a copy bihgbu
grade in your Math 100, Math 200, and/or Math 300 course to see your progression in the
courses, as well as have permission to ask your mathematics instructoyalsoubrk

and their opinion about the way you think about mathematics.

The risks of participation in the study are no greater than those assodtatéaking a
college mathematics course. By participating in this study, mathemdticaters may

have a better understanding of the way traditional and non-traditional pre-service
elementary teachers think about mathematics and mathematics teadhripgrtidipation

or withdrawal from the study will not affect your standing in the classufdo choose

to participate, you will not be identifiable in final report(s) about the stuatyicibation

is voluntary. You may decide not to participate in this study and if you begin
participation, you may still decide to stop and withdraw at any time. Your decisil

be respected and will not result in loss of benefits to which you are otherwissdenti
Having read the above and having had an opportunity to ask any questions, please sign
below if you would like to participate in this research. A copy of this form widitzen

to you to retain for future reference. If you have any concerns about yecticse or
treatment as a research participant, please contact the Sponsored eygtam

Academics Research Center (omit contact information).

Thanks in advance for your participation.

Sincerely,
Researcher’s Signature Date
Research Advisor’s Signature Date

Participant’s Signature Date Participant’s Full Name
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Informed Consent for Participation in Research (Instructors)

Project Title: Traditional and Nontraditional Preservice Elementaachers’
Perceptions about Mathematics and Mathematics Teaching

Lead Researcher: Ann Wheeler, Graduate Assistant, School of MathéBeatsrees

Research Advisor: Dr. Hortensia Soto-Johnson, Ph.D, School of MathematicaleScie

We are interested in examining your teaching structure and beliefs aluhib¢edn
addition, we want to learn more about the participants’ interactions in class. incorde
conduct this investigation, we request your permission to contact you about two
interviews. The interviews will consist of 30 minute meetings to discuss yaentre-
service elementary mathematics course. This conversation will be aediobap only

the people listed above may listen to the contents of the audl@recordings will be
erased after the work has been publisAexfurther help maintain confidentiality, computer
files of interviews will be created and names will be replaced by pseudongusname
will not appear in any professional report of this research.

The risks of participation in the study are no greater than those assodtatéaking a
college mathematics course. By participating in this study, mathemdticaters may
have a better understanding of the way traditional and non-traditional pre-service
elementary teachers think about mathematics and mathematics teadnipgrtidipation
or withdrawal from the study will not affect your standing in the classufdo choose
to participate, you will not be identifiable in final report(s) about the stuatyicibation
is voluntary. You may decide not to participate in this study and if you begin
participation, you may still decide to stop and withdraw at any time. Youriclegid!

be respected and will not result in loss of benefits to which you are otherwissdenti
Having read the above and having had an opportunity to ask any questions, please sign
below if you would like to participate in this research. A copy of this form widitzen
to you to retain for future reference. If you have any concerns about yecticse or
treatment as a research participant, please contact the Sponsored eygtam
Academics Research Center (omit contact information).

Thanks in advance for your participation.

Sincerely,
Researcher’s Signature Date
Research Advisor’'s Signature Date

Participant’s Signature Date Participant’s Name
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Sample Questions from Dr. Flores’ Math 100 Final Exam

1.

2.

(3 points) Use the distributive property to determine 44 X 18.

(3 points) If 9 counters are a whole, show how many are in five-thirds of a set.
Explain.

(3 points) Jim ate 1.5 cups of cereal. The bag says that a single serving is ¥4 cup.
How many servings did Jim eat?

(3 points) Use the partial products algorithm to calculate 32 X 47.

A stock whose value goes from $46.78 to $71.54 has increased by what

percentage?
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Sample Questions from Ms. Hernandez’'s Math 200 Final Exam

1. (4 points) Suppose you are tossing two dice. Imagine getting a 2 on one die and
getting a sum of 11 on the second die.

a) Are these mutually exclusive (disjoint) events? Why or why not?
b) Are these independent events? Why or why not?
2. (6 points) Consider the following arithmetic sequef¢édl, 15, 19, 23, ...
a) Describe how the sequence is changing.
b) Find the 10th term in the sequence.
c) Write an expression for the nth term in the sequence.

3. (6 points) Consider the following set of numbers: 99, 100, 81, 60, 88, 86, 81, 76, 84, 78,
72,93, 89, and 78.

a) Find the median.
b) Find the mode.
¢) Find the mean.
4. (6 points) If you are rolling two dice:
a) Find the probability that the first die is a 5 and the second die is a 1.
b) Find the probability that the at least one of the dice is a 2.

5. (6 points) Construct a set of data for each collection of properties below. Be sure to
verify that your data set satisfies all of the properties.

(a) Mode =6 Range = 10 Median = 8 N=4

(b) Median =9 Mean = 10 Mode =13
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Sample Questions from Ms. Garcia’s Math 300 Final Exam

Directions: Answer each of the following questions. Be sure to show your worle wher
applicable. Make sure all work is mathematically accurate. Wheregessery, round to

the nearest hundredth. Use complete sentences and appropriate vocabulary vahten aske
explain. I will be grading form, grammar, and good taste.

1. If one angles of a parallelogram measures 55°, then what are the meatwes of
remaining three angleg€Xplain your answer(3 pts)

2. Pick ONE: Answer one, and only one, of the following questions. You will not earn
additional points by responding to both. Use illustrations to support your
explanations. (3 pts each)

A. Describe one way in which you could convince a student that the formula for
the area of a kite is (diagonal one x diagonal two) + 2.

B. Describe one way in which you could convince a student that the formula for
the area of a trapezoid is (base one + base two) x height + 2.

3. A square-based prism has a height of 50 ft and the perimeter of the base is 240 ft.
What is the volume of the prism? (3 pts)

4. True or False? If the statement is fatgate “false” and give mathematical reason
as to why it is false. If the statement is treiate “true” andjive a mathematical
reasonas to why it is true. Use illustrations to support your reasoning. (3 pts each)

a. A square is a type of isosceles trapezoid.

b. If a quadrilateral has two pairs of equal sides, it is a parallelogram.
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Dissertation: Sample Interview | Questions

1. Thinking back to your elementary schooling, are there any mathematicsrgeache
that stand out to you as good teachers? Explain why you would categorize them
in this way.

2. Thinking back to your elementary schooling, are there any mathematicsrgeache

that stand out to you as poor teachers? Explain why you would categorize them

in this way.

Describe how you might teach your mathematics class.

What role does lecture have in the mathematics classroom?

How does your role as a parent influence your beliefs about mathematics?

How does your role as a parent influence your beliefs about mathematics

teaching?

Have you helped your children with mathematics (for parents)? Explain.

Do you know how your child learns mathematics? Explain.

9. What roles, if any, do a society’s and/or teacher’s culture play in the teaghing
mathematics?

10.What roles, if any, do senses (hearing, touching, seeing) play in teaching of
mathematics?

11.What does conceptual learning mean to you?

12.What does procedural learning mean to you?

13. “What do you think is the most effective way to teach mathematics” (Raymond,
1997, p. 555)?

14.“What are the three most important characteristics of good mathematstga
(Raymond, 1997, p. 555)7?

15.Do you foresee using group learning in your future teaching of matlosmati

a. In what ways?
16.What does discovery learning mean to you?
a. Have you experienced discovery learning? How do you know?
b. If so, in what ways?
17.1s hands-on learning important to you as a student?
a. Is hands-on learning important to you as a teacher?
b. In what ways, if any, do manipulatives play in a mathematics classroom?
18. Define fun in respect to mathematics. Should mathematics be fun? Why?

19.Have the mathematics courses that you are taking here been able touhedpyo
your children with their mathematics courses? Explain.
20. “What do you think mathematics is all about” (Raymond, 1997, p. 555)7?

21.Describe the degree you feel mathematics is
a. “dynamic/static,
b. predictable/surprising” (Raymond, 1997, p. 561).
22. “What most influences your mathematics beliefs” (Raymond, 1997, p. 555)7?

o0k w

© N
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Dissertation: Sample Interview Il Questions

1. Have you ever worked with children (substituting, observing, etc.) in a school
setting? Explain.

2. If you had an elementary student who refused to learn conceptually, how would
you respond?

3. If you had an elementary student who refused to learn procedurally, how would

you respond?

What do you believe are the main goals, or objectives, you should get across to

your elementary students during a mathematics lesson?

How much should a teacher help students in solving problems? Explain.

Should students always be able to visualize mathematics? Explain.

Can mathematics always be done using a formula or procedure? Explain.

How do you envision teaching your future classroom to ensure that your students

are learning procedurally or conceptually? (depends on participant’s pieere

Explain.

9. Describe your experience with groups in your Math 1/2/300 class.

10. Describe your experience working with manipulatives in your Math 1/2/300
class.

11.Prior to university classes, what experiences do you have working in groups?

12.Prior to university classes, what experiences do you have working with
manipulatives?

13.0n a scale of 1 to 10 with 1 being not confident with mathematics to 10 being
very confident with mathematics, how confident are you in your mathematics
abilities? Explain.

14.0n a scale of 1 to 10 with 1 being not confident with teaching mathematics to 10
being very confident with teaching mathematics, how confident are you in
teaching mathematics at the K-3 grade level? Explain.

15.0n a scale of 1 to 10 with 1 being not confident with teaching mathematics to 10
being very confident with teaching mathematics, how confident are you in
teaching mathematics at the 4-6 grade level? Explain.

16.“What kinds of math do you do?” (Raymond, 1997, p. 555).

17.“What do you think mathematicians do when they do math?” (Raymond, 1997, p.
555).

18.Do you see mathematics as an “unrelated collection of facts and rules™?

19.What evidence would you need to see in order to believe that a student
understands a topic in mathematics?

20.1s there “only one way to learn mathematics™? (Raymond, 1997, p. 557).

21.How, if any, has your attitudes about mathematics evolved from

a. The beginning to the end of the semester?
b. Any time during your life?
22.How, if any, has your attitudes about mathematics teaching evolved from
a. The beginning to the end of the semester?
b. Any time during your life?

B

© NGO
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Sample Observation Form
Lesson Topic:
Name(s) of participant in class:

Seating of participants:
e Groups?
e With other traditional/nontraditional preservice teachers?
e Interaction with group members
o Preferences in interactions—other traditional or nontraditional
o Role in group
0 Attitude about group work

Instructor’s approach to teaching:
e Facilitator?
e Lecturer?
e Use manipulatives?
e Technology?
e Answers preservice teacher questions?
e Multiple strategies?

Participant’s attitude about mathematics
e Frustrated?
e Enjoyment?
e Procedural?
e Conceptual?
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Instructor Interview |
1. What is your teaching philosophy with respect to Math 100/200/300?
2. How do you feel the following preservice teachers are performing in yas cla
(academically)? Explain. Do they struggle with any particular qus@e
3. How do you feel the following preservice teachers think about mathematics?
Explain.

4. How do you feel the following preservice teachers utilize group work? Explain.
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Instructor Interview I

1. How well you think the following participants do in your class academicalty? D
they struggle with anything? How do they feel about conceptual/procedural?

2. How do you think the following preservice teachers utilize group work?

3. What do the following preservice teachers feel about manipulatives?

4. How would you respond to these quotes from preservice teachers’ interviews and
classroom observations?

5. Have you noticed any changes in the semester in the preservice teachérs;, whet

good or bad? Explain.
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Tonya’s Interviews
1st Interview: Tonya Math 300 Date: 2/6/2009

1. Thinking back to your elementary schooling, are there any mathematicsréethete
stand out to you as good teachers?

No, not really. Maybe my third grade teacher but | don’t really remembérvaat
much from that grade...| remember the multiplication stuff...I liked thetgfat. | liked
just understanding the multiplication...It was probably my teacher was the idé&szh
multiplication because she was my favorite teacher. Personality washetwas my
favorite. She was just there for her students.

2. Thinking back to your elementary schooling, are there any mathematicsrsethetie
stand out to you as poor teachers?

No.

3. Thinking back to your secondary schooling, are there any mathematics tehahers
stand out to you as good teachers?

No.

4. Thinking back to your secondary schooling, are there any mathematics tehahers
stand out to you as poor teachers?

Yes, all of them. | feel like | have not had a good math teacher because in ggadeth
started out with a good one but then | got moved up and the teacher was horrible and |
felt like | didn’t learn anything and | am not confident in a lot of my mathat ingoved

up to a higher level math...Algebra | am really comfortable with but Gegraetl Pre-

Cal and all that...My teachers...I just really didn’t learn anything. And $titswell in
because it was one of those self-taught....What | didn’t like about these teaehers

their teaching styles and | didn't feel like they really knew what thew vatking about
because my eighth grade math teachers’ major was in French and she had aarath m
They just didn’t know how to teach math and I felt they just weren't really thetbdo
students either because you would go and talk to them and get help and it was just
hard...It was lecture and then my teacher | had for two years, she would do a problem
and do it wrong but not erase it. She would try to figure out where she made a mistake
and just start from there and | can’t. It's really hard for me to do that so...Ahoy of

math teachers really didn’t know how to get the mathematics across to the students.
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5. What mathematics courses have you taken at a community college?
No.

6. What mathematics courses have you taken at a college?
100—Ms. Hernandez, 200—Ms. Smith, 300—Ms. Garcia

7. Are there any past mathematics teachers at the college/communigedeilel that
stand out to you as good teachers?

Yes, all of them are good teachers. They actually like math and everyk@rpdi and

they are really good at what they do...Teacher personality does play adwofet |

know...I think that if someone is really passionate about the subject and that it shows
through when they’re teaching and that helps a lot too....I feel all three wdye real
passionate about math and knew what they were talking about...Basically, opposite of
what | felt in secondary school, extremely so.

8. Are there any past mathematics teachers at the college/communigedeitel that
stand out to you as poor teachers?
No.

9. Do you feel it is important to make A’s in a mathematics class? Explain.
| do. With all classes, | feel it is important to make A’s.

10. What other obligations besides schooling do you have (e.g., family, job,
commuting)?

No kids. | am looking for a job, | used to have one. | babysit a lot, probably about 13
hours on the weekend and I'm looking for a part-time job. I'm taking 15 hours. | don't
commute.

11. Describe how you might teach your mathematics class.

| want to teach third grade. | don’t know why. It just seems like the pedecto me...I
don’t know if my favorite teacher has something to do with it. I don’t know...l would
probably do groups. It is what all of the teachers here have done, and | feaviirkad
really well. I would probably use manipulatives when | teach...I like the handsaam. |
very hands-on. | am very visual...l guess | would try to figure out the differamtdes in
the class and try to incorporate all of that.
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12. What role does lecture have in the mathematics classroom?

| don’t know. | would play it by ear because of my past experiences. | meand woul
probably do some lecture and then some activity to follow up that lecture. The lecture
length would have to depend on what it is, | think.

13.What roles, if any, do a society’s and/or teacher’s culture play in the teahing
mathematics?

| do think it is important for the teacher to bring their culture into the classroonoand f
the teacher to bring in their students’ cultures into the classroom. It istamptw be
inclusive of all backgrounds.

14. What roles, if any, do senses (hearing, touching, seeing) play in teaching of
mathematics?

Seeing, hearing, and hands-on are all important because they kind of play off of ea
other because if you see it and then do it, it kind of reiterates what you just |arded.
then hearing it of course.

Extra Question: Do you see a manipulative and a visual on the board as being 2
separate things?

| feel writing on the board is different than having a manipulative because | thtimgwr

on the board is more seeing it done. And then using the blocks is more like physically
seeing yourself, do it yourself as opposed to letting someone else just@inowwpuld
probably use both in my classroom. | think they are both are pretty important but | would
say the hands-on is probably a little bit more important from my own experienkmof |
hands-on more.

15. “What do you think is the most effective way to teach mathematics” (Raymond,
1997, p. 555)?

Probably just, | don’t know how to describe it. Making sure, because in my math classes
here, | was taught exactly what a number is, and using the different méthoteey use

and everything because if | was taught those methods like in math then | would maybe
remember it more. So all the tricks and stuff they have and doing that just totmake i
easier to comprehend and it if you don’t understand this way, show a variety of
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techniques, | guess. By tricks, | mean like the lasso method or different methods t
understand.

16.“What are the three most important characteristics of good mathematistga
(Raymond, 1997, p. 555)7?

Well, passion for the subject. Knowledgeable or knowledge about the subject and, |
guess, there for your students so if the students have questions and they don’t blow you
off.

17.Do you foresee using group learning in your future teaching of mathefatic
a. In what ways?

See above
18.How do you feel about assigning repetitious work to students?

| guess it would depend on what it is, depending on whether I thought they understood it
or not. If they did understand it, | would do it just to make sure. If they didn’t understand,
| would do it also to make sure they understood. | probably wouldn’t do it as much if they
had a grasp on it.

19."Good mathematics teaching entails, or depends on—
a. A good textbook/use of manipulatives
Teacher direction/student participation
Teacher effort/student effort
Explicit planning/flexible lessons
Helping students to like mathematics/helping students see mathensatics a
useful” (Raymond, 1997, p. 563)

®caoo

a. Using manipulatives are important from previous.

b. Both are important because | think the student and teacher kind of play off of each
other, learning and everything. | think teacher/student interaction is impbgeause

their interacting with their students...because | think that the teacherciimgraith

their students making sure they understand and then the student can trust the teacher and
ask questions and feel comfortable and then everything.
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c. Both are important because the teacher is putting an effort to teach thessandethie
students, I think, in order to grasp something would benefit more if they were trying i
their class, as well.

d. Both are important because | think it is good to have a set plan but then also to be
flexible because they may need longer or they may understand sometHintastalo
you can move that faster.

e. | think if they understand they kind of like it. I don’t really know. | don’t think it is

okay if they don’'t understand to not try. | think everyone should try. As a teacher, | think
| would try to inspire students to like math because | think math is fascinatery, ev
though | might not necessarily be super strong or as strong as | woutld hiken it. Just
sharing that passion or fascination or learning.

| think it is important to help students see math as useful because from past egperienc
We would sit in class and say, “When would we ever use this?” “Why do we have to
bother learning this?” If you can see when you would ever potentially use taigba,

and “Oh, this can be useful.”

20. How, if any, would you teach mathematical concepts differently K-3 ver§®s 4

Probably, | don’t remember everything that was taught in those grades, bpt treak

so. Well, | think the younger probably goes more the hands-on a lot. And the older, more,
| don’t know...I probably would do some hands-on with the older. | would use groups
with both ages because of the importance | feel comes from groups. | kedegribups

until I came here. | feel my groups here are useful.

Within my own group, | feel we work well together. My role in the group is eqlal@s
and answering questions.

21.What does conceptual learning mean to you?
a. Have you experienced conceptual learning? How do you know?
b. If so, in what ways?

| learned mainly the conceptual way at the university.
22.What does procedural learning mean to you?

a. Have you experienced procedural learning? How do you know?
b. If so, in what ways?
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| have done the procedural learning from my previous schooling, and | feel that lis wh
didn’t learn as well.

| have done it a lot. | think that is the main method a lot of teachers use or my previous
teachers before the university.

From actual learning the conceptual way, | think | would probably use more of the
conceptual way because it would stick with them longer. It depends if | would use the
procedural way. | would probably try and stay away from using it as much ablepssi
some things, | don’t know. | think some things | would have to use the procedural. | feel
the conceptual is more important because just from sitting in the classrooustadding

it these ways and it is like you are seeing it in your brain, | don’t know, Keshsier to
grasp the concept and you understand more where the numbers come from and how it
plays into it as opposed to this and this and this and not really understanding the
background behind it.

23.What does discovery learning mean to you?
a. Have you experienced discovery learning? How do you know?
b. If so, in what ways?

| don’t think | learned this way. | guess | feel a little bit with thergetry book, but |
don’t know about the synthesis goes with that.

| probably wouldn’t use discovery learning when | taught because personaliyjd like
to have some direction on where I'm going, because..l know Spanish is completely
irrelevant to this but in my Spanish class we teach our self and then we ddédIthat
knowledge of how to do something and then do the homework and then go over it,it
would be a lot easier and easier to understand.

24.1s hands-on learning important to you as a student?
a. Is hands-on learning important to you as a teacher? See above
b. In what ways, if any, do manipulatives play in a mathematics classroom?

Yes, it is important to me as a student because, | think, if you actuallyaseeate doing
it in front of you, it's a lot easier to understand and comprehend what you are doing, as
opposed to just someone showing you.

25. Define fun in respect to mathematics. Should mathematics be fun? Why?
Fun with math to me is algebra because I think it is really fun trying toefiguir the

equations what x is, like the basic algebra. | think everything | did in Math 100/200
(manipulatives included) are fun.
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| think math should be fun because | guess it is more fun and exciting to go to...the more
apt you would go to class and want to learn, more motivating.

26.“What do you think mathematics is all about” (Raymond, 1997, p. 555)?

The word that comes to me is numbers...I don't know how to define math
actually...Math is the concept of numbers. | just think of numbers.

27.Describe the degree you feel mathematics is
a. “dynamic/fixed,
b. predictable/surprising
c. applicable/aesthetic” (Raymond, 1997, p. 561).

a. | would have to say math is changing because, well, some of it is just sekinlige
certain aspects of it...like some of the maybe algebraic equations and engrijkiei the
upper level stuff, and the stuff that is changing is like the different methdidte tie
different approaches maybe to solving.

b. I think math recently.it is more surprising because in class, it is like “Oh, wow, |
didn’t know you could do that” or “Wow, that is a really cool way.”

c. | feel math is relevant because we use it every day with balanciregkbook or that

is the only example that is coming to mind right now. We use it.

| feel math is beautiful when it works out and when you are sitting down and like doing
something, it is. It is fascinating how it works and plays together.

28.“What most influences your mathematics beliefs” (Raymond, 1997, p. 555)7?

Probably, a lot of my beliefs and everything have changed since coming to theityniver
and in my math classes because before | hated math and just everythingaand |
confident in it and through the courses, and Geometry I'm still kind of struggling with
but, it was just really fun learning it and just exciting. Prior to the univeidiked

Algebra but the secondary teachers’ personality had a lot to play with mkimgttiath.

Extra Question: How would you teach shapes?

| would definitely have them cut out the shapes and everything and have them identify
the shapes and name the properties of the shapes (angles, sides). If | haddddes, st

would probably be different. | don’t really know. | can’t even imagine teaching

Geometry. | would probably still have some hands-on because even in here that helped
me a lot, doing the cut outs and understanding the angle bisector and everything like that
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so | guess that would be a different approach. | would be a lot more in-depthdeith ol
students.

Interview 2: Tonya

Name: Tonya Highest math class in high school: PreCal/Stats
Date: 4/15/09 100-B (Hernandez), 200-A (T--)

1. Have you ever worked with children (substituting, observing, etc.) in a school
setting? Explain.

No. | worked in a church (preschool) for 2 %2 years, a year ago.

2. Have you ever had a mathematics class in another country? Explain.
No.

3. Do you ever have to miss school because of family obligations? Explain.

No. | missed a lot from being sick this semester. | missed one of Ms. Gailasses. |
do feel I got behind.

4. If you had an elementary student who refused to learn conceptually, how would
you respond?

| wouldn’t be upset by it. | might try to devise something else that would be a bette
learning tool for that student and then | would also try and push the blocks a little bit
because | am very visual....l just think it is something really good. | would ayirity
and do something else because it sounds like they are not very visual so maybe
something more auditory. | would push a different strategy.

5. If you had an elementary student who refused to learn procedurally, how would
you respond?

| would be very supportive of that because I think that creates a lot of issues if the
teachers don’t cater to their students so | would support that. | think | would always be
okay with them using blocks to add. | can’t imagine teaching at the high schow.set

6. If an elementary student who could not understand the concept of
(Pyramids/prisms) through conceptual learning, how would you further help him/he
comprehend the concept?

That is hard. | would probably try and explain it to them in a different way without using
manipulatives or actually...Yeah, explaining them in a different way and maybaedry

use them but maybe not push them almost so to concentrate more on a different strategy
as opposed to using the manipulatives. (Similar to above where | might try auditory
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think eventually sometimes it clicks because there is this initial block (¢onjubkey
need to get over.

7.  What do you believe are the main goals, or objectives, you should get across to
your elementary students during a mathematics lesson?

| would push....I noticed that the group work has helped a lot. All the math classes have
been group based. The good thing about groups is that it is team building and you are
playing ideas off of each other and helping each other kind of learn. Not everyone sees
something the same way and so | think that is really important because ibpetpthe
students’ eyes to different strategies. As much as the group projects aranmppahink

also doing the quizzes by yourself to see if they are comprehending everytineng

individual accountability is important to make sure everyone is on the same pagebecaus
when you are in a group, you might think you understand it and you take the quiz and it is
entirely different. Also, depending on what you are teaching also the procetiures, i
procedures are necessary.

| definitely like the conceptual over the procedural. | would stress conceptualimmy

class because | noticed that has helped me a lot, just from previous experience.

| think certain subjects you need the procedures because there are loegaigdu need
procedures for so in that aspect | would say yes, | would. | guess more qiitti®es

based are what | would call necessary. There are also ways you can show wiese we
doing the cylinders and filling them up with rice and coming up with the equations and
stuff like that. At some point, you will need the equations.

Manipulatives are my number one because just from working in the groups and me as a
personal learner and how my previous math teachers did not do that at all and I think it
would have helped a lot.

8. How much should a teacher help students in solving problems? Explain.

| definitely think they should be there and help but | also think they should have the
student work on the problem and if they are not understanding and they are struggling,
they should have the teacher come in and help out. Basically, if a student needs help and
they see the student needs help, then they should help them. | would probably not tell
them the answer because | want to help them try to get to the answer and & nfha

main reason.

9.  Should students always be able to visualize mathematics? Explain.
| think it depends on the person and how they learn. As a teacher, | would always try to
make it to where they could visualize math because of the importance | sbedause
seeing is believing.

10. Can mathematics always be done using a formula or procedure? Explain.

No, | don't think so. | can’t think of any specific examples but | don’t think so. Some of it
you would just need to conceptually see.
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11. How do you envision teaching your future classroom to ensure that your students
are learning both procedurally or conceptually? (depends on participantisepoefe
Explain.

Obviously, | would stress the conceptual. Obviously, have more activities that dmul
that because from Ms. Garica’s class that we did with the patty paperratidl fiaes. |
don’t know how you would show that on a test exactly because | wouldn’t really
necessarily...Because | would go off of the activities that | did wheingdgte that. |
wouldn’t make them redo that activity on a test. Maybe ask, | really likeNtmviarica

has us do the activity and she asks if a student does this, what activity could you do. |
would give them something similar because | wouldn’t want to completely $ilited-

them on a test and be like, “Hey we never did this. This is completely opposite of what
we did.”...And ask questions that aren’t so procedural in nature.

12. Describe your experience with groups in your Math 300 class.

| really enjoy the groups, just because we all build off of each other. All of usbcaatr

in the group setting. A girl is absent a lot and oftentimes she won’t show up and she has
the sheet that we need to turn in. That is kind of stressful. As long as everymre is t

and contributing, it is beneficial. | feel Nita is the leader of the group. Sbkallg good.

She took a class that is really similar to this class and kind of knows everythitigrdo

that helps out a lot and she does explain, if you don’t understand something and say,
“Hey | don’t understand,” and she will explain. She will explain more than the answe
She will show us how to do it. | go to her or Martha for help. | think | ask more questions
in the group because geometry is my weak point.

Nita said she would work by herself—It might have been because there werefthse

so she decided to work by herself, but | know that...Because | know when we had our
partner project coming up, she said, “Oh, you two work together,” so it might be that
when the other girl is not there...l know that she is really fast and effsxethiat might

be it too. | know that she feels she is always correct. | know she will adh@it she is

wrong, but | think she is worried that we are all going to mess it up so | think thsa is al
why she works alone.

13. Describe your experience working with manipulatives in your Math 200 class.

They definitely have helped me learn the material. It is definitely noeasgily stressed

as it was in 200. | think geometry is different. They are not stressed as much in BOO but
feel | have learned from them. It seems like everything in 200 had hands-on
manipulatives. We also did a lot with 100 because it is easier because it isybefare
learning..

14. Prior to the university classes, what experiences do you have working in groups?

| don’t think | did in math. Maybe in my Spanish class in partners, but it was nellgr rea
stressed.



272

15. Prior to the university classes, what experiences do you have working with
manipulatives?

No, | had horrible math teachers.

16. On ascale of 1 to 10 with 1 being not confident with mathematics to 10 being
very confident with mathematics, how confident are you in your mathematics
abilities? Explain.

It depends on which one, probably a 7 because algebra | am really good at sib dayoul
an 8 and any topic in 200. Geometry | would say a 6/7. Some of the topics | feel really
strong about but the stuff we are learning now | don’t really remember dolt'g) miot
completely new to me, but it feels like it because | remember my geoteathers

going out of class and not knowing anything. Pictures aren’t my problem#elt’s t
concepts in geometry that are confusing. 100 | would also say 8 or 9. | am comfident i
those.

17. On ascale of 1 to 10 with 1 being not confident with teaching mathematics to 10
being very confident with teaching mathematics, how confident are you hirtgac
mathematics at the K-3 grade level? Explain.

Probably an 8. In class, | was remembering/trying what | was doithgrd grade

because that is the grade | want to teach and so like multiplication and likéhangerlt

kind of goes back to the 100 so it is the material and like the concepts that we |ledrned a
how we really teach | feel | could do that. 100 gave me the tools to be confident.

18. On ascale of 1 to 10 with 1 being not confident with teaching mathematics to 10
being very confident with teaching mathematics, how confident are yoicimriga
mathematics at the 4-6 grade level? Explain.

Maybe a 7 1/2 or 8. I'm hoping | don’t end up teaching that age. | feel with the

elementary | feel pretty confident. Anything higher than that, | feel Igilylcouldn’t be

the best math teacher (higher than sixth grade). The questions they pose would not bother
me. | don’t know what it is.

19. What types of technology, if any, would you use in your mathematics class?
Explain.

CalculatorsDepending on what it is, | think calculators have taken over in a derogatory
way because | can’t do simple math. | can’'t do 8 + 4. You got so used to using a
calculator. With certain things | would allow it, but | would try and stay away it. |

think add/subtract/multiply/divide should be done without calculators. The basicanath i
definitely no calculators but if it is not the basic math and | feel the ctdcuga

necessary.
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Math programs—Certain math websites | noticed are really helpful like math is fun so
maybe have them look at that as a resource and show it in class. | would betbkay w
using math programs in the classroom.

20. *“What kinds of math do you do?” (Raymond, 1997, p. 555).

| probably do more conceptual. Actually coming here | learned that baseallything

was procedural growing up and then they strayed towards conceptual and | have just
noticed that that is really helpful for me because procedures are just megand
conceptual you are actually seeing and kind of understanding the concepitsh&lpic

you understand the procedure better almost. Procedural was K-12. Now, at the yniversit
| learned more conceptual. In these classes, I'm learning more condegataake | feel

you could probably teach it better too if you are teaching it that way as oppdsdrig

them memorize it. Ms. Hernandez really stressed that and how everythipgosadures

and how kids nowadays like me, | don’t remember a lot of things | learned just in high
school because it was more procedures because | don't really own it.

21. Do you see mathematics as an “unrelated collection of facts and rules”?
(Raymond, 1997, p.556)

| definitely feel math is more interrelated, mostly just because you esgerif day. Ideas
in 100 I might use in 200. They just build on top of each other.

22. What evidence would you need to see in order to believe that a student
understands a topic in mathematics?

Probably being able to explain it to me or another student. It is more than an.answer
23. Is there “only one way to learn mathematics”? (Raymond, 1997, p. 557).
No. (See above)

24. How, if any, has your attitudes about mathematics evolved from
a. The beginning to the end of the semester?
b. From Math 100 to Math 2/3007?

Dynamic/Fixed—dynamic because the approaches are different to solving (same)
Surprising/Predictable-surprising because learn new approaches | learned (same)

| got the opinions by taking the math classes at the university. | guessdfi@lways
knew but I never actually thought about it until | came here. (more of a refléduing

25. How, if any, has your attitudes about mathematics teaching evolved from
a. The beginning to the end of the semester?
b. From Math 100 to Math 2/3007?
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Conceptual learning is easier to understand. | understand numbers more friomg lear
conceptually. | feel | would use conceptual learning more in a classrooould w

actually stay away from procedural learning. | feel that is the wearhéd mostly from

my previously learning and it wasn’t good—(same).

| would try to stay away from procedural (same).

Groups—like groups (same) | never liked groups until | came here.

Manipulatives—liked (same)

| have had these opinions that | had here at the university and being in productive groups
and learning manipulatives and the stress of conceptual learning at theitniver

26. For the last part of the interview, | want to know how you might address the
following concept to your future elementary student.

Math 300-pyramids and prisms

| would definitely do the cut-outs and have them cut out the pyramids and prisms because
it is a lot easier to visualize because you can count the edges, faces, apd.verti

It is a lot more beneficial than maybe doing the activity where you havedpesand

the bags and have them describe them to group members and have them guess. Not only
having them to describe them but having them to see it in their head for themselves. |
struggled a bit with this activity. It helped though. Nita helped me.

That would be the biggest part with pyramids and prisms.

And then maybe introducing Euler’'s Formula and have them fill out the shapes and like
the hexagonal shape and how many faces, vertices, and edges and doing that lbetween t
pyramids and prisms and doing comparisons between the two and the patterns in the
charts.
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APPENDIXY

NATAYLA’'S INTERVIEWS
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Natalya’'s Interviews
1st Interview: Natalya 2/6/2009 Math 200

1. Thinking back to your elementary schooling, are there any mathematicsrtethetie
stand out to you as good teachers?

No. | grew up in Norway, and we had the same teacher for everything. | didn'vhave
specific math teacher. | didn’t have one that stuck out at all. | moved 14 yearsvago.

born and raised there but | have been here for 14 years.

2. Thinking back to your elementary schooling, are there any mathematicsrsethetie
stand out to you as poor teachers?

Not that | can remember.

3. Thinking back to your secondary schooling, are there any mathematics tehahers
stand out to you as good teachers?

Not especially.

4. Thinking back to your secondary schooling, are there any mathematics tehahers
stand out to you as poor teachers?

| don’t know about poor, but impatient. They wanted you to get it right away and hurry
up and get going and if you didn’t get it, you were kind of a pain because you didn’t
understand.

5. What mathematics courses have you taken at a community college?
Not at a community college

6. What mathematics courses have you taken at a college?
| took math courses at another college. | took Algebra. It was a long timas W\yebra
| and II, I assume. | took Math 100 here with Mr. Rogers and Math 200 with Ms.

Hernandez. That is the only courses in math | took here.

7. Are there any past mathematics teachers at the college/communigedeilel that
stand out to you as good teachers?
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| think they have all been good. They have all been different, but all good. The one | had
a long time ago, he really was thorough and made sure you understood. Mr. Rogers, |
liked his way of teaching. He didn’t explain as much. He was more because it made
sense, which it doesn’t always make sense when you don’t have a Ph.D. in math. And |
really enjoy Ms. Herandez’s way of teaching. She really takesrheraind makes sure

we understand everything and feels like, or at least gives the impressiahetieels

like she hasn’'t done her job if we don’t know what we are doing. Out of the three
approaches, | like Ms. Hernandez’s approach a lot.

8. Are there any past mathematics teachers at the college/communigedeitel that
stand out to you as poor teachers?

No.
9. Do you feel it is important to make A’s in a mathematics class? Explain.
| would like to make A’s in those classes but | just want to pass the class.

10. What other obligations besides schooling do you have (e.g., family, job,
commuting)?

| am taking 12 hours. | have two children. | have no job. | drive from another town (20
minutes).

11. Describe how you might teach your mathematics class.

My ideal age would be little—Kindergarten of hecause for me | want to be a positive
influence at the beginning of school because | have seen it with my own kids how one

has had a really great start, and the other one was kind of unlucky and how that has made
a huge difference in how they view school. | think | would do a little bit of individual and
group work, depending on what the topic was. | would definitely use hands-on
manipulatives in class. | would use them as often as | could so there is a viswakeblec

think that helps a lot.

12. What role does lecture have in the mathematics classroom?

| probably wouldn’t lecture too much, for the 2 minutes that could concentrate and then
take it from there. | would definitely do activities.
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13.What roles, if any, do a society’s and/or teacher’s culture play in the teaxhing
mathematics?

| do. | do believe it is important to bring in both the teacher’s and students’ culture into
the math classroom because | think it is also a way of teaching about otherdbijngstt
knowledge they can have from that and also being able to identify to whatever culture
they might go back to, if they are from another culture, and they come here, but they
ultimately go back and then they have some of that. They can identify with that ahd don’
feel so left out or whatever.

14.What roles, if any, do senses (hearing, touching, seeing) play in teaching of
mathematics?

| think senses are very important, but | think it is all individual students. | think it is
important to offer all so that everyone has an extra chance in understandinggtisee
concept or whatever.

Extra Question: Do you feel visual (blackboard) and manipulatives are both important in
a classroom?

| think you need both because you can do it on the chalkboard but if they can do it,
physically do it, that might make for better understanding. | think the manipulative is
probably, | don’t know about more important, but at least as important.

15. “What do you think is the most effective way to teach mathematics” (Raymond,
1997, p. 555)?

| have no idea. If they....present the material in a positive, not say this is going to be
really hard and a lot of people don’t understand, but say, “This is going to be fun and we
are going to make sure you understand it and I'm going to help you and I'm heve if y
need in extra help.” That kind of way so that it is a positive experience, and it istnot jus
“It is going to be so hard and | already don’'t want to do it.”

16.“What are the three most important characteristics of good mathematiogtga
(Raymond, 1997, p. 555)7?

One would be knowledge of teaching and then knowledge of the subject, obviously, but |
think of teaching first and of the subject and like | said presenting it in avyeosianner.
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17.Do you foresee using group learning in your future teaching of mathafhatic
a. In what ways?

See above.
Extra Question: How do you feel about your group?

| feel the group | am in is useful. | think we kind of work as a group. I'm thetplaled |

fairly perceive things a little differently than they do and they're freshand they're

girls too, and you know, they are girls who fight and empty each other’'s shampes bottl
and stuff. So you know, but the work itself is fine but | think you notice the other stuff
when your older maybe. Last semester, my group talked a lot about dorms andyhis part
and that boy, this, that, and the other and | feel really old now. I find the groups pretty
positive and for me, since | haven’t been in high school or whatever for so long, it helps
me get a fresh perspective on how their teaching now because they didn’t do theas13 ye
ago when | was in high school. They're learning new, different things, or hanagst

or whatever, different ways. For me, | think it is beneficial to see how they & the

stuff and what their background is in it because a lot of the stuff | forgot a loaggm

My role in the group—I feel am a little bit of both (asking and answering quetio
18. How do you feel about assigning repetitious work to students?

| think | would assign repetitious work if | felt that | needed the extra..ibmy
students needed the extra work or if | needed to get it down then that is benefi@gal to m
absolutely. It has been beneficial in my own experience.

19.“Good mathematics teaching entails, or depends on—
a. A good textbook/use of manipulatives
Teacher direction/student participation
Teacher effort/student effort
Explicit planning/flexible lessons
Helping students to like mathematics/helping students see matheasatics
useful” (Raymond, 1997, p. 563)

®caoo

a. | think it is a combination. | think it depends on how you would use that good textbook
though. The textbook could be great but it depends on how you use it. A beneficial way
to use the textbook would be | think | would have to go through it and make sure my
students also thought it was a good textbook to keep their interest in it and not to say that
this is really fascinating to me and | really like the way this is ptedgdn this book, but
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then they go to read it and understand it and they're like, “That doesn’t make aniosense
me and you said this was a good textbook.”

b. Both are important because if students aren’t participating, then how can you get
through to them? | think teacher direction is important because it is important to be
specific and answer any questions before you send them off to do their work and not just
assign random homework and just assume they can figure it out or use the fantastic
textbook you have selected to give them.

c. | think it depends mainly on teacher effort because the students will waakéctine
effort if you do or if they see you do.

d. | think you have to have an explicit lesson plan, but | think you have to be flexible in
that plan if not everybody is on board and you can’t because you don’t want to leave
anyone behind and not understanding or not having grasp the concept. | would be willing
to spend another week or whatever on whatever it would be.

e. | think it is important to help students to like math, but | think they will like math if

you present it in a more positive way.

| think it is important to help students see math as relevant. Well, everybodhabsh

you use is plus/minus, but then you have to see that you might have to figure this out or
you have this. Yeah, everyday life you don’t have to figure out that much algebra or
geometry or whatever but you use it eventually.

20. How, if any, would you teach mathematical concepts differently K-3 veré®s 4

| wouldn’t really teach math concepts differently, not if they understood it stdifire.

Both ages | would use manipulatives, maybe not as much in the older grades, but if there
was a topic they didn’t understand then that would be useful absolutely | would. |
probably would use group work in both. I think | probably would use group work more in
the older classes because the little ones get distracted very easily.

Worked in the public school system?
No.

21.What does conceptual learning mean to you?
a. Have you experienced conceptual learning? How do you know?
b. If so, in what ways?



281

| have learned that way in 100 and 200. Yeah, | like learning this way but | likenigarni
procedurally better.

22.What does procedural learning mean to you?
a. Have you experienced procedural learning? How do you know?
b. If so, in what ways?

Yes, | have learned using procedures and | feel it was a common way tldamek to
memorize a formula is easy to actually understand it. For me persondlhasfa

formula, | do much better than with probability or doesn’'t have a specific x, y, zgthis i
how it is approach).

| would probably use procedural and conceptual learning in my own teaching, | would
think, depending on the topic. | don’t know which one | would use more. | would
probably teach the procedural first because | am more comfortable witloutidi

probably explain it better that way. Then, maybe some conceptual.

23.What does discovery learning mean to you?
a. Have you experienced discovery learning? How do you know?
b. If so, in what ways?

| have not learned this way. Depending on the topic, | might use discovery dgtrisiee
how their problem solving skills might be. | would probably try it out and see how the
results are and then use it if | found it to be successful.

24.1s hands-on learning important to you as a student?
a. Is hands-on learning important to you as a teacher?
b. In what ways, if any, do manipulatives play in a mathematics classroom?

| have benefited from it a lot, especially last year. We haven’'t done too muchdrands
We haven’'t done much hands-on. We’ve done a little bit this year but last semester we
did a lot of hands-on with the manipulatives and stuff. | found it to be helpful to have the
visual.

25. Define fun in respect to mathematics. Should mathematics be fun? Why?
A fun aspect of mathematics is understanding it and having that “Ah-hah..I' get it

Manipulatives are part of the process. | don't think, “Heee, Rocks” or anytkenthkt.
More the understanding through using manipulatives.
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| think math should be fun because it has gotten a bad rap for not being fun and there’s no
reason why it shouldn’t be fun. | don’t think anyone is set up to not understand math. It is
just the way it is brought to you and how it is presented and what attitude you got to
presenting.

26.“What do you think mathematics is all about” (Raymond, 1997, p. 555)?

| have no idea what it means to me. | don’t know. Until | came back to college now as an
adult, I always thought of it as hard but now | don’t. I don’t think of it as a breeze or
anything but I just think | look at it in a different way, challenging but in atipesivay,

not negative like “Uh, | can’t do this before | even see it,” like it used to be. | oged t

like math. The change occurred at the university. It was frustrating to e pledt |

think it was because | wasn't patient enough. Being at a different time liferayd

helping my children with their homework and realizing it wasn’t that hard to begin wi
influenced my beliefs.

27.Describe the degree you feel mathematics is
a. “dynamic/fixed,
b. predictable/surprising
c. applicable/aesthetic” (Raymond, 1997, p. 561).

a. | think math is pretty changing. | think at least in the way that it is taudjavomuch
more math you need to know earlier on in your life or understand earlier, at aryounge
age.

b. I think math is more in the middle probably because a lot of it, personallyjd fee
predictable—the kind of easier stuff. But then the new, well what is new to me, is
surprising, things | haven’t thought of before probably, maybe (in Ms. Heranoiekr.
Smith’s class). | think the topics and methods can both be surprising becauss soene
topics | haven't had before and | don’t know if that’s just the difference of goontr
what, whatever it is, which has made sense because | have heard of a fewaptieer pe
that have had it and | have thought | have never had it.

c. Relevant—mentioned above
Beautiful—I think you can see beauty in math in the formulas and how it just comes
together and how there is an answer. There is certainity.

28.“What most influences your mathematics beliefs” (Raymond, 1997, p. 555)7?

My mom most influenced my beliefs about math. She loves math. She’s a math whiz and
also my husband.
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(For participants with children)
29.How does your role as a parent influence your beliefs about mathematics?

| think they reflect off of me onto my children, which is why | have tried to beipesi

about math, so it is not one of those groany, “I can’t do this. | don’t want to do this” kind
of thing.” I think it is fun to see how they think and to see how that develops, the way
they think about it and how they count. Especially my daughter, who sgradle, and |

watch her do her addition and how she counts and the way, in her own way without me
having done anything, how she adds that up and by counting. | know this probably
sounds funny but if she had, you know 4 + 6, she would go 6-7,8, 9, 10 instead of 1, 2, 3,
4,5,6,7,8,9, 10. She has figured out just to start with 6 and go 7, 8, 9, 10 and Oh, 4,
and whatever it was. And that’s kind of fun for me to watch and how that clicks for her,
all on her own.

30. How does your role as a parent influence your beliefs about mathematiiag@ac

| think | would teach math with a different kind of patience. | don’t know that | would
teach it differently but I think I might have more patience than someone who tdoesn’
have children or a different kind of patience. | don’t know. I think once you see how
frustrated kids are and they just don’t get it and they don’t mean not to getyitjushe
don't.

31.Have you helped your children with mathematics? Explain.

| have, every week. My son is in sixth grade and he struggles mostly with wordnpsoble
collecting all the information to get it so we try to find ways to break it down sarhe ¢

get all the information.

My daughter likes to do it on her own. She just, if there is a word she can’t read herself,
she’s very independent, and | have to help her with that. Like | said, she usually, she does
fine so far, and she likes it. She thinks it is fun and she has little math workbooks at home
that she likes to do. Math is not my son'’s favorite subject. He is more an &itistic

32.Do you know how your child learns mathematics? Explain.
My daughter is independent. My son needs more guidance. He hasn’t struggled with
math, ever, but he has needed that path to follow, and my husband and | help him with

that.

33. Have the mathematics courses that you are taking here been able touhedjipyo
your children with their mathematics courses? Explain.
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Yes, last semester my son and | were learning the same thing. ThaaWwasaol
because it helped me explain to him what he had to do.

Extra question: How would you teach experimental probability?

| would teach semi-close to the way Ms. Herandez has been doing, maybdeab# tit

a lower level but still with the manipulatives and with seeing it and not just thinking

okay the 4 heads and the 4 tails and how would that fit into that—the actually doing that.
And with the cards too or pulling something out of a bag or whatever and seeing how that
actually works and not just imagining it. | would absolutely still use manipaktt

different levels (grades).

Interview 2: Natalya

Name: Natayla Highest math class in high schodT:(]L\R)nNay)
IDLA emphasis: Early Childhood  Date: 4/10/09
100—B/B+

1. Have you ever worked with children (substituting, observing, etc.) in a school
setting? Explain.

No
2. Have you ever had a mathematics class in another country? Explain.

Yes. My entire public school. | only went to college here.

| don’t know that the math is different than here. | think their....I went to school here
when | was in fourth or fifth grade and | came back and | had come further thdrathey
when | got back to Norway. But all in all, | think it is pretty much the same iaifig
covered in K-12 here. | can see from my children also that this is true.

3. Do you ever have to miss school because of family obligations? Explain.

No, | haven't. | work my schedule out with my husband and he seems to think he can
handle it. | missed two classes for training. | don’t feel | was behind becaussed.

4. If you had an elementary student who refused to learn conceptually, how would you
respond?

| don’t think | would be upset at all. Everybody learns in different ways andHK ihihat

child or if I thought that child could learn the way they wanted to learn, then | would
definitely encourage that and go through the steps and see how that would work for them
But if it didn’t work out, then | would probably go ahead and say why don’t you go ahead
and try it with these blocks or whatever and see if that would help you in solving it the
way you want to solve it better, but | wouldn’t be upset.
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5. If you had an elementary student who refused to learn procedurally, how would you
respond?

No, | don’t think | would, but | think at some point you have to wean them a little bit off
of the blocks so that is not something they feel they have to have to be able to solve
something. Maybe teach them a way to see it in your mind. Do you see the blocks?
Here’s this pile and here’s this pile and have them think it out instead of having them to
physically do it.

| think probably fourth or fifth grade it is good to not have the blocks anymore.

6. If an elementary student who could not understand the concept of (patterns) through
conceptual learning, how would you further help him/her comprehend the concept?

| think | would try to break it down for them. Make it a smaller picture first and ttién a
stuff to make them see the big picture all together. It could be easydadus

complicated for them. We had a flower with a center and 6 things on the outside and four
petals or something and maybe break it down and say here’s what this is. fi@is is t
center and these are the dots. Here are these and here’s what tH&sakriédown and

say oh, that is how it all fits together and learn to look at it in pieces, not one big awhhh.

7. What do you believe are the main goals, or objectives, you should get across to your
elementary students during a mathematics lesson?

Ms. Herandez uses, Multiple Strategies, groups, conceptual and procedural

My main goals—I think a lot of the same things. There isn’t just one set way. It's my way
or the highway and you don’t get to think on your own or whatever. | wouldn’t want to
have that because kids are smart regardless and they will find a way to think ahdut it
figure it out on their own way and....encourage them to think on their own. And to also
make sure it is within the guidelines or formulas or whatever... That thereemeals

ways to look at it and understand it and still get the right answer.

Groups?I think | would probably do groups and your own work. I think groups are a
really good way of getting everybody’s ideas, and if your idea is maghgetting the
answer, then another person’s idea is missing what you came up with or whatéver, a
that is really important. But | think you also need to learn to do it on your own.
Procedural/conceptual think both are good. | think it would depend on the topic as to
which | would prefer because | think some topics would need more conceptual than
others.

| think | would probably start with the conceptual to just see it because to me, tisd tha
just me putting my idea or thought onto the kids, but to me it would make more sense to
see it before, which would maybe help you understand it better when you read it or show
them formulas or whatever.

And then whichever method they pick, | would be fine with.
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8. How much should a teacher help students in solving problems? Explain.

My son hates me for this because | make him sit there and figure it out. Hetlveants
answers. He wants me to give him the answer, but | will never give him therasnstv

he hates it. | would be that same way with my class because you are rnguiagdo

learn to think it out for yourself. You are just going to sit and wait for the answer and

give up if you don't get it. If you work on it and think about it, take a breather and calm
down and look at it again. It will be there.

Ms. Herandez never gives us the answers. She asks questions like how did you get to tha
or have you thought about this. And be encouraging about it and say here is a different
way to think about it or little pointers that are subtle that aren’t reallyggoigive you

anything.

9. Should students always be able to visualize mathematics? Explain.

To me for me, it helps me out. | visualize math. It helps me, but everybody'ediffé
think it is easier to understand, if you see it and you don’t need something physeal the
(mentally).

10. Can mathematics always be done using a formula or procedure? Explain.

| don’t know. Probably yeah. It has set steps that you can take to get the answeidyou nee
or the right answer, not the answer you want.

11.How do you envision teaching your future classroom to ensure that your students
are learning both procedurally or conceptually? (depends on participant'sspoefe
Explain.

| don’t know. | guess just introduce both at the same time. You know one at a time,
everytime...

Because | think you might be able to see the procedure. You can see it and envision it
because you have already done it and then you can say, Oh, that’s right belctisis |
and that’s the procedure for that because | did it. Actually, understanding the peocedu
The hand/brain thing that kind of clicks.

12. Describe your experience with groups in your Math 200 class.

Yeah, it is a pretty good group. I think | learn somewhat from others in my group. Some
more than others, maybe...I think students would come to me (I am more quiet) if they
have questions. A couple of the people | do look to for help, like Tasha. Her and | work
really well together. We had 100 together too and we were in the same group there too.
We know each other from math class. We are both really strong in the class.

We have three roommates in our group. They don’t always get along and so thete is a |
of shampoo switching and toothpaste throwing and clothes stealing that....ltash’'t m
related and I'm older and so really girls? Tasha is not one of those. She disehas
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college for a little while longer than they have. It is the end of the world to turio 1®?s
Okay. It is the end of my teenage years. That happened a while ago so really...

| help more than get help from others or explains more. I'm definitely moreutlor

They make fun of me for writing really long explanations.

I’'m a little quiet because I try to sit back and not be like the mom becahuis& irthen

you are the older one it just kind of happens so | just want to sit back and if they come to
me that’s fine.

13. Describe your experience working with manipulatives in your Math 200 class.

We did the dice and cards and all that stuff. We haven’t done any more after thai, | don’
think. To me, it is helpful for my own learning because | am a very visual person and it
clears things up for me right away. Like | said earlier, for me on attestike, oh, yeah,
that is when we did this. | can see it in my head.

14. Prior to university classes, what experiences do you have working in groups?

Math classeso

A couple of English classes | did group work and a women'’s studies class. | ditin’t fee
the group work was productive because | am one of the people who ends up with most of
it because | don't just let it fly. I'm thorough so for group work, it’s just like Ughhhh.

have to do everything because it just all lands on me automatically.

Norway—no group work

15. Prior to university classes, what experiences do you have working with
manipulatives?

No

16.0n a scale of 1 to 10 with 1 being not confident with mathematics to 10 being very
confident with mathematics, how confident are you in your mathematicsea3ilit
Explain.

| used to feel maybe a 2, but since now I'm older and come back. Now, | am a lot more
comfortable so | would probably say an 8. Prior to the university, | used to think |
couldn’t do it and that would reflect in my grades.

| just got frustrated and had very little patience for figuring it out, justfilgeson. Odd,

how that happened. But now, | get it and it makes sense.

17.0n a scale of 1 to 10 with 1 being not confident with teaching mathematics to 10
being very confident with teaching mathematics, how confident are you hirtgac
mathematics at the K-3 grade level? Explain.

I’'m very confident, a 9. | feel like | have a handle on it and | understandliemalgh to
explain it and in different ways.
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18.0n a scale of 1 to 10 with 1 being not confident with teaching mathematics to 10
being very confident with teaching mathematics, how confident are you hirtgac
mathematics at the 4-6 grade level? Explain.

9 (same reasons)

19. What types of technology, if any, would you use in your mathematics class?
Explain.

| don’t know anything about any math computer programs. I'm pretty green when it
comes to that but I think calculators, if need be.

| wouldn’t let them have a calculator if it is like addition, sub., etc. For addition,
subtraction, multiplication, and division, | don’t think kids should have a calculator. |
think they need to learn all of that in their head. It's just the basics (not big ones—1-10)
| would absolutely be open to let students learn mathematics through math grogram
the computer.

20.“What kinds of math do you do?” (Raymond, 1997, p. 555).

Procedural/Conceptual?
| very visual (conceptual) so to me | like to learn it that way, if | can. Ifihbhave the
procedure, | can usually fair pretty well.

21.Do you see mathematics as an “unrelated collection of facts and rulesiadRd,
1997, p.556)

| think they are pretty related. A lot of them intertwine and you have to go by a ounch i
different problems and different topics. | think they are related. | mighalgsbra in a
geometry class and have other rules that | need to abide by.

22.What evidence would you need to see in order to believe that a student understands
a topic in mathematics?

| just think the way they would have to be able to explain it in a couple of different ways,
not just the way that they have read about or been shown on the board, but to show that
you have thought about it on your own and have an understanding of it well enough to
explain in a couple of different ways. It is more than a right answer becausedén’t
explain how you got the answer, then you can’t teach it to anybody else.

23.Is there “only one way to learn mathematics”? (Raymond, 1997, p. 557).
No. (See above)

24.How, if any, has your attitudes about mathematics evolved from
a. The beginning to the end of the semester?
b. From Math 100 to Math 2/3007?
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Dynamic/Fixed—changing (same)

Surprising/Predictablémiddle—predictable for easier, surprising when learn something
new or new way to figure something out—same)

| have always held these beliefs about math.

25.How, if any, has your attitudes about mathematics teaching evolved from
a. The beginning to the end of the semester?
b. From Math 100 to Math 2/3007?

Procedural then conceptuainow it is conceptual then procedural

Teach both depending on topic (same)

Easier to understand procedure (no now that | have done a lot more conceptual, | think
conceptual is easier)

| think my son has changed my opinions and the way my children see it and how | see it
clicks for them and they get it and what’s helped them learn it. And they actudly bot
learn in different ways. My son is visual like me and my daughter is realtggural

like my husband who was also a math major. It just kind of clicks for her. And | just see
her go so she is not that visual at all.

That might be really why you hold this dual opinion....(my comment)

My husband is a civil engineer.

We both help our children with math but in really different ways. Because for him, he
sees it, and he knows the procedure and he says that this is just how it is done. $hat is hi
way of doing it because that is just how it is.

I’'m more like, “If you do this”...or, “How about we do this?” He’s like, “No, this is how

it is.” Don’t ask questions, this is just how it is. And my daughter is a lot like himisShe
like that is how it is and no questions asked about that. She is like | know. This is how it
is.

| think I am more helpful to my son. Well, my daughter is only seven. She kind of takes
care of business on her own and gets it right so I let her. My son struggles h&oie. S
ahead in math in school, but he still has to think on his multiplication. It doesn’t just
click.

26. For the last part of the interview, | want to know how you might address the
following concept to your future elementary student.

Math 200—patterns

| think, | hope | would do it a lot like Ms. Herandez does it. | mean honestly atetely

but....I like how she has broken it down to a very, very basic and moving it slowly to a
much broader picture. We started with easier patterns and what comes next. That was

the beginning and then there are three pieces missing and then what would the 10th piece
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be? What would the 50th piece be or what shape would it be? What about the 100th?
How would you figure it out? And so you broke it down to the very, very basic level.
Manipulatives? Maybe, at least pictures. | don’t know. Maybe, depending...I think it
might depend on the class and the level of the class as a whole. | think you have to kind
of feel it out. | would be open to it. The visual the could see the pattern instead of saying
triangle/square/triangle/square. Now, what’s next?
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Ms. Hernandez's Interviews

Interview 1: Ms. Hernandez Math 200 3/5/2009

1. What is the teaching philosophy for Math 300?

| really want to engage the preservice teachers in Math 200 at a veerjelvatof
understanding. They have had bad experiences with algebra and statisticg; afeick

of them, or they feel they are complicated. | really want to engage thex\pcesteachers

at a basic level and build up to the things they have seen. In general, it's about building
their confidence and their skills of being able to do those problems. For example,
probability has fractions in it. Most of them have very little confidence withidragt

They can do it, but they just second guess themselves a lot. | try to build some of their
confidence. | try to set it out to be, “See you can do this in an elementary ciaber&e

an activity that would even work for first graders.” | try to have thesogeize that it's

not high level, super complex ideas that they have to work towards doing. It is something
that little kids get. It's something they can do instead of something to be afraid of

2. How well you think the following participants do in your class academicalty? D
they struggle with anything? How do they feel about conceptual/procedural?

Nicolette—She is performing really well academically in my cla#isink she has an A.

She wouldn’t believe me but she has an A. I'm pretty sure.

Does she struggle with any concepit$ffink she did initially with probability, but some

of that struggle is...seems to be more a lack of confidence than lack of abilitydecaus
she did really well on the first test. And she told me before the exam, “Wowkeatlit

really got it.” But she still was very nervous and worried about taking the teti.r8e,

it seems more to be a confidence issue than ability issue.

Is she good with procedural and conceptud@lie always struggles initially with both
because she really...| have asked her...but it has probably been a while since stte has h
math. And so the part of her that she used to know, this interferes with the process and
once she stops and thinks about, she says, “Oh, okay.” And she sees the interplay
between the procedural and conceptual together. | don’t think she thinks she dbiss see t
connection. She is able to do both.

Does it bother her if she doesn’'t make anNg? | really don’t think she worries about

her grade but she was honestly really surprised when she got the firstkeshdat was

an A. It was honestly...She doesn’t seem to be the kind of student who attaches way too
much to the grade.

Natalya—She doing really well. She is also doing really well. She seeimetact really

well with her group members. She seems to be one of my more confident students in her
abilities. | think she has an A. Yes, she does.

Does she struggle?If she does, | don't see it. She is a very confident person. | don’t
know that | would see that.
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Is she good with conceptual and proced@ralYeah, | think the conceptual, she... |
think she agrees in class and goes home and works it out by herself to rei@jyiyt ¢ta
herself.

Does it bother her not to make af-ANo, | really don’t. She’s a lot like Nicolette in the
sense that she doesn’t seem to attach as much importance to the letter.

Tasha—She does really well. She is one of the more confident students in the class,
probably the same confidence level as Natalya. She wants a little biteasseirance

that she is right than Natalya does. And she is confident enough to hold her own in a
group, which is a good thing.

Not quite as much reassurance as Nicolette. She thinks it is this way. Sonsedhe&s

it is this way. They want someone arbitrarily to say one is right and onengwrhey

want me to pick sides or something. And oftentimes I'm like, “They are both okay
because you got the same answer,” and they are different ways of doing éeBise s
more okay with that answer than some of the other people. They want me to go back to
the traditional one way to do this mode of thinking. But they are young...That is one of
the challenges in this class to break out of there is only one way to solve a problem and
move to there’s one correct answer and multiple ways to solve.

She does have an A. | think she has one of my higher A’s.

Does she struggle?Hhink she struggled a little bit with the conditional probability in

the sense where you have marbles in a bag and you pull one out and keep it. | think
adjusting the probabilities for pulling the next one seemed to take her a littlengtto

sink. Some of it was conceptual in the sense that it wasn’t quite clear, intiaihthe
numbers were changing. And maybe that’'s because she maybe is moteekinésin

some of the other students. That is the case where | tend to notice who is kinasthetic a
who'’s not. Kinesthetic students really want to see it to connect that.

Does she want an A™Her, yes | do. Well, she seems...I think she would be okay to not
get an A on an assignment, but | don’t think she would be okay if she didn’t get an A in
the class, just by what I've perceived and that's not always the truth, but..

Taylor—I don’t know. Taylor’s really quiet. | feel really bad. It is geatigrthe students
who are the most outgoing whose names | get really well. | don’t know thee hiaal a
lot of contact with Taylor.

Does she have an /A&he’s got an A in the class. She’s just...She’s really quiet,
comparatively, so | really haven’t had much interaction with her.
Procedural/ConceptualPreally haven’t had....Everybody at the table pays attention
when they ask me things and when...It's not like she is off in la-la land, butyl reall
wouldn’t know how much of that connects with her or doesn't.

Does she want an A2vouldn’t know with her. She is not one of those students | have
had a lot of interaction with.

3. How do you think the following preservice teachers utilize group work?
Nicolette—I think she does really well. | think she’s...There’s some people indwgp gr

that think procedurally and really don’t want to spend the time on the conceptual part.
And she is the person that says, “Okay, why did you do that?” She really tries to force
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them to stop and walk through the conceptual part with her. So | really...l wish ever
group had somebody like that. She’s really good about making them stop and put some
thought into it and walk it through for her because she needs the time and the effort to go
through it that way.

Giver/taker?Initially, | would say she would ask for help more than give it. The first
couple weeks of class. | think it is more balanced now, but we are also on a topic (data
analysis) that is not as uncomfortable. That may influence that. Nicolkstdesgroup

and gets somewhere and she needs me to reassure her that she’s right. Shet®looking
me more for the reassurance of authority than for clarification.

Natalya—I think she does really well. | think sometimes she...She is in a group lafth a

of really strong personalities so sometimes she may be more quiet tharcgustebef

that she tends...l also know that when she doesn’'t understand or she has a question, she’s
not afraid to speak out to the group and to me. She seems to be very comfortable with

how her group works and the dynamics set up so generally, she is not one of the ones that
has her hand in the air for the group.

Giver/Taker?—She’s pretty balanced. She’ll ask and then she’ll help.

Tasha—She is one of the stronger personalities in the group. She’s occasionally the
driving force behind how her group works and so that’s a really good thing. But
occasionally there’s the coming over and who’s right and who’s wrong. Theyopan st
themselves that way with that discussion about well | think it is this way tnklit is

this way. And so sometimes, that can be a hindrance. Not a bad one, but...

Would you say Natalya and Tasha are the stronger ones in that gitaipard to tell
because everyone in that group is really vocal except for that one student whede nam
don’t know, which is probably because everyone else in the group is so vocal. It's kind of
hard to tell because that is a really big group of...the most alpha femalesatititaple

that | could imagine because I'm pretty sure there are four of themahatéeast three

that are very...okay. Natalya is a little more quiet in it, but Natalya’s céroesher

being the oldest in the group. Tasha is a little bit more outgoing.

Giver/Taker?—think she tends to be more on the giving side. She seems to pick up the
concepts relatively quickly so she’s the person who is part of the explaining pimdyhel
other people understand.

Taylor—Yes, she does work but she is one of the quieter ones. Like | saidy | reall
haven't...She seems to be one of the quieter ones but that....We’ve learned that could be
so many things. That could be lack of confidence. That could be | do know this, and I'm
okay. There are so many things that being quiet can symbolize. Based on &sy Igrad

don’t think her quiet is a, “l don’t get it,” but it maybe, “I don’t want to speak up,” or,
“Afraid I'm wrong,” kind of thing.

Taker/Giver?l think she would, probably in a lot of cases, she would be the observer of
the group. Yeah, she is just kind of quiet. But like | said, that is my perception.

4. How would you respond to these quotes from preservice teachers’ interviews and
classroom observations?
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Nicolette [She has a low self confidence in math. It takes her longesdiaa of the
others.]—Yes, and no (about getting the materials) Some of that comes from theat whol
confidence issue. She gets it but she doesn't quite...I believe she gets itndtif kihe

low self confidence really impacts everything else so that makes it kimara@f | also

think that she has a higher expectation of herself, and she really wants to make sire s
learning things well. She has a lot invested in that, not just getting through it.a8e re
wants to make sure it makes sense to her before she moves on. If only all my students
were like that....

She feels her work is like 50/50—1I see that she helps Caleb. | think she helpsathof t
out more by making them stop and having to work through it.

Natalya [She talks about how her group talks about different things-a |attefiah

different because grew up in different country.]—That is what | meant wéed khe is

in a group with a lot of strong personalities. She tends to be quieter, but some of that
comes from they're freshman girls and she’s right. They're freshinanThey would

be really good for other people’s opinions to be okay. Okay, that's okay and that's what
you think. That's my opinion and very opinionated and | have the right to my opinion.
They're strong personalities. | think that is why she tends to get quieter indyeget

into that freshman girl mode. She interacts a lot. And it is always her grioemight

not notice it, and | only notice it a little but because she is older they tend to lookat her
double check. When they explain something, they check everyone’s faces and they will
check Natalya’s, for sure. You know it doesn’t happen all the time, but | have seen it
happen.

Tasha—([Her background is pretty procedural, except when she came herkeShe li
learning conceptually and understanding “why.”]—Yeah, she wants to reallysteuald
what’s going on, which is part of the reason | like that, she and generally oithentst

are the ones saying, “I did it this way,” and, “I did it this way.” Both of thesrtrging

really hard to get at that conceptual understanding of what's happening, but they are
still....There is still that habit of there is only one way of doing things andglzatvery

hard habit to break. I'm not quite sure I've broken it. She really wants to get at that
understanding and sometimes | feel she gets a little frustrated withoherlgecause she
wants to take it a little further than they do, but she may do that on her own, where I'm
not around to see it.

Taylor [Some of people may not have confidence with math. She really likesfunan
understanding]—That is what | kind of would say. | haven’t had enough interaction and
her quiet could be...If she’s a math emphasis, the quiet is probably, “I do get this,” and
some of that may come from she may have tried the explanation part. That is soimething
have noticed, especially with math emphasis and the very math competent is thatlw

to talk about it a little bit higher than anybody else so she may have trieg tangehow

she is being quieter to listen to a different level of understanding as part eaireng
process because | still have to do that. | have to listen to what they say to...lmeatduse
was never difficult so to me sometimes | learn more from my students bécevss

had to struggle with it. So | spend a lot of time going, “So tell me, I'm tryingdke

sure | understand what you are talking about.” And so she may be doing some of that
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with her group and that may be why she is quiet because she is trying todiear t
understanding.

[She feels bad that there are some strong personalities at her tableylea®hyhich is

why | really like it when Nicolette...Nicolette will say, “Stop, I'nefused.” That's part

of why I really like the fact that Nicolette is not afraid to make them stdspend some
more time on it because there are a couple people in her group who are like, “Well,
everyone else is finished but us. Why can’t we be?” To them, they are takintasiso

get through it, and you are always going to have those students who are takilagshis c

to get through it. | can’t wait till they teach. I'd love the email about that But a lot of
these students have the misconception of they are not going to have to teach math.
[Yeah, they think they want to teach the younger kids because they want haveito expla
as much]--Have you ever been around a six-year-old for longer than 20 minutes® Let
tell you about the “why.” There’s a “why” for everything. There is &yvafter things

you are not even sure you've ever thought of them out. |1 don’t have kids, but | have
nieces. They are all and have gone through and are going through this why@hye!I|

But it is really interesting because you are like, “I have never thought abguGive

me a second.” And there are some of the people there who don’t really care about the
“whys.” They want to do what they have to do to get out and the other people at the table
really want to get it clear so is a dichotomy, but | haven’t been asked to deencd so |
want. That is another thing about the teaching philosophy. You are going to have to work
with people that you don’'t agree with and you don’t share opinions with and you have
different ideals from so you better learn how to do it now where it is not going to have to
cost you your job. So | don't interfere in a group or how the group functions urmess |
asked. And then if | have to interfere, nobody is going to be happy. But that is how it
works in the real world. If your boss has to intercede to make your group work, there is
generally a punishment involved and you're adults and you can’t work together. Well
you are in college. You are an adult so figure it out so the entire time | have taught the
preservice classes, | have only had to interfere with a group one time. And ttzat was
very particular special case. Generally, once they realize | worrtargethey do a good

job of figuring out how to make it work. And sometimes that comes from the person who
is hurry to get out and they say, “Okay, go ahead and go. We'll do it. We'll finish it
without you,” and I’'m okay with that too because the person who is cutting out early
is...They are hurting themselves. They are not hurting the group so I'm okathatit

5. What do the following preservice teachers feel about manipulatives?

Nicolette—Actually, | think she is very open to using them because | would be vidling
bet she never saw them in school. | didn’t notice any hesitancy or nervousness about
using them. In general, she seemed to be the person going, “Okay, doing thisdllgnd re
trying to create her understanding with them.

Natalya—I think for her, it wouldn’t matter if they were there or not. It fidhuit it isn’t
necessarily necessary for her to have them. No, | don’t get that she segmatate
herself from them. Believe me, | have students who do that.
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Taylor—No, that group was actually really good. The entire group, so |,rhaan
guessing they all seem to be really well with using them and working with them.

Second Instructor Interview

Ms. Hernandez Math 200 4/23/09

1. How well you think the following participants do in your class academicBity?
they struggle with anything? How do they feel about conceptual/procedural? Any
changes?

Nicolette—Nicolette currently has an A. | think she is struggling withidente. She

has a pretty big lack of confidence. | think that is her biggest stumbling block and so that
comes across as struggling with the material, but she can do it. She just dokgn’t rea
believe she can.

Conceptual/procedural?As far as conceptual goes, she is doing just fine, but she has to
have the conceptual down before she even tries to get the procedural down. That is how
she works. She has to understand it. She is not willing to just memorize a procedure.
Nicolette did the strongest with the data analysis stuff, but that is poetiyion. It is the

most familiar: making graphs, creating graphs, and understanding meavifmegie.

It's not a lot of really intense mathematical stuff. And the conceptualistafiot of stuff

they have internalized. It is just about getting them to recognize thatahtation. They
know what the “mean” is. They know what an “average” is, but getting them toizerbal
and articulate that understanding. She did really well with that.

Natalya—Natalya has an A. Natalya isn't struggling with anything.iSHeing just fine.
Conceptual/procedural?-From what I've seen, she is doing really well with both.
Natalya did really well with all of them. I couldn’t pick one over the other.

Tasha—Tasha has an A. Tasha is still struggling, just a little with thetaateShe is a

lot more comfortable with having a procedure.

Tasha did about the same with data analysis and algebra. Probability was the one she
struggled with. She has done really well with the other two. Most of the students have
already made the decision that probability is hard and so by making that ddeesion t
have made it hard. That is just a byproduct of a personal, internal decision they made.

Taylor—Taylor has an A. Taylor is shining. This is material she is corblertaith. She
seems to be doing really well with both conceptual and procedural.
This is the material Taylor understands the best of the material.

2. How do you think the following preservice teachers utilize group work? Any
changes?

Nicolette—Not much has really changed from our last interview. She’sngotitle bit
more assertive about saying, “Stop! Hang on! Give me a minute,” which is good.
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Natalya—I don't really see a change. She still is pretty quiet, @sfiigoes. She will
talk, but she is not the leader.

Tasha—Tasha is more a leader of the group. Half that table is reallyaqdiéalf that
table is really not. It is kind of hard to tell because people who are not quiet tend to
possibly overshadow. Tasha works pretty similar to the other interview.

Taylor—Taylor is a lot more talkative from last time and a lot more involved.sShe i
more of a leader with the algebra section.

3. What do the following preservice teachers feel about conceptual material? Thei
progression in thought about conceptual learning? Any changes?

Nicolette—Nicolette is getting better at the conceptual aspect obtheec Her

confidence is her stumbling block and that is just a big thing for her. Her selhdstee

getting better about it. “I get this. | understand it. Okay. Alright. Okay. Wéts.” That

is her big problem. She understands the material a lot better than she thinks she does, but
it is literally her confidence. She just doesn’t believe she gets it, but shelidgeu talk

to her and talk her through or ask her questions, she can answer them. She knows the
answer. She just doesn’t feel confident.

Natalya—I think she has gotten a little bit more comfortable with using pgand
descriptions to do this. Some of it is through interactions in class and some of it is her
expressions when | hand out assignments. Her expressions aren’t as distann&@iee i
willing to engage. She seems to be more comfortable.

Tasha—no change

Taylor—I don’t know that the conceptual has changed but her confidence has. | don't
know that she has had a lot of problems with the conceptual. She just seems to be more
comfortable with it now.

4. How would you respond to these quotes from preservice teachers’ interviews and
classroom observations? Any changes?

Nicolette-[Some in groups further ahead than others. Some who struggle likaytoe. T
always understands and helps.]—This is pretty accurate. Nicolette really,wants to
understand. | don’t want to say it is a lack of patience. That is not it. She just avants t
understand it, but | think part of it is that she wants to make sure she understands it befor
she leaves the class. She really wants to make sure that she has gotdHadrwisiill

there or Taylor is still there or there is somebody there that she can affirfoation of
what her thought process is. She doesn’t want to wait until later. She reallytovarake
sure there is someone there to say, “Yes, that works,” or, “Okay, | see youYgnt dre
doing great.” Just that positive reinforcement is what she wants.

[The tree diagrams are more helpful than the physical pieces.] For most ofttlsem, i
more helpful because the dice and cards and stuff like that are everyday thingsa So for
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lot of them, finding a new way to look at that and being able to see it drawn out really
helps a lot. The tree diagram also has a very basic procedure to it and that gives them
comfort place to come from.

[She starts conceptual and then moves to procedure.]—That is how she does it. She wants
the conceptual down before she moves on to a procedure.

[l am a 7 in confidence.]—I can see why she would say a 7 because she isatatkihg
elementary students because they don’t have preconceived notions, so it is new. So she
would be comfortable with it. It's everybody else’s preconceived, having to Wwemegh

her confidence in there, because everybody else does things so differeoridyshef

really has a chance to develop her own way. She is hearing them all talk befcaie she h
got it in her head and so for elementary students, that would not be an issue. She would
be just fine. It is just having everybody else tell what they think or whatiteegoing

before she is clear. That is where she comes across as lacking the certietismcse

they start talking, and she is still trying to get it straight.

Natalya—T I think I learn from some, more than others. | am really quiet. | loakte s

for help like Tasha.] —I agree.

[Some are roommates in my group. | get frustrated with them somedays.]—tlém ol

than this and can we just get back to what we were doing?” | see that, butisovdhg

that that group is very, very good at self policing on staying off topic. | don’t baye t

over and go, “You have spent 10 minutes talking. It is time to focus on math.” They tend
to be better about self policing and pulling attention back to what they are doing
themselves. | don't know how much of that is Natalya. It wouldn’t surprise me if she was
the one that said something to Tasha, and Tasha is the one that makes the group get back.
[I help more than get help. | am more thorough.]—She is more thorough, and | think the
girl that sits on her other side turns to Natalya. She is a little quieter anel sthér three
girls, besides Tasha, are a little much for her sometimes. | think she turatatgaNo

help. I think that is where Natalya does the most good is with her because shg is reall
quiet.

[l try to sit back and not be like the mom.]—I feel that way as well.

[l am a visual learner.]|—Yeah, she is more comfortable drawing. She is not one of the
ones who is, “What do | draw? How do | draw it?” She is really willing to kind of jump

in.

[l am visual, conceptual. If | have the procedure, | can usually fair pretty-wl agree.

Tasha—{If we see one person behind, we slow down. Natalya, | love. Four are freshma
It is me and Natalya. They look to us a lot. We are older.]—I agree.

[100 manipulatives didn’t help. | didn’t understand 100 material. With 200, the
manipulatives did help.]|—Some of it, for her, procedures are just easier for hat to st
with, but she is doing fine with the conceptual. Maybe it is how we talk about it. Maybe it
is how | approach the activities that makes it easier for her to step intolthbecause |

do know it is easy to get frustrated. If you don’'t understand the first couple sf fowe
figure you are not going to, and | don't get that feeling from her at all, but | kioovt if

she felt that way initially. | didn’t pick that up.

[I do procedural and conceptual. | get going and don’t read the question. | getgsg

fast that | miss things.]—I agree. She gets into the grove of what shagsaiwl then
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there is an assumption that everything is the same thing, but | think that falisants

the easiest. Some of that comes from when you got the conceptual, you don’t tend to go
through the entire conceptual process for every problem. “Oh, okay. | get it.rétamite

what | am doing. It makes sense.” So you fall onto the procedure becausedkidtgsi

fast. It is easy. “I got the conceptual. Okay.” So she kind of gets gaidglee has to

stop and go, “That is not what | asked. That is not what it is talking about.”

Taylor—][I have a tough time doing the elementary way.] That is not how | $eleiitk

she does just fine explaining it. | think she is doing just fine explaining things, bokl thi

it is something she just knows how to do and the struggling is the articulating it, but she
is doing just fine. It is some of that, maybe she has been so quiet. Maybe stepping into
that new role is a little. Some of that is, “Well, everybody else has been doing the
explaining. | don’t explain as well as they do.”

[At the beginning, | didn’t listen to the conceptual.] Well, that makes me curioushgho s
had for 100. Did she mean to escape through without having to conceptualize? Did she
get into the habit of just tuning out the conceptual part? That is something we should be
aware of. If we catch students tuning out, we should have preventive measurgsitid pre
that from happening.

[l am most comfortable with algebra. It just comes to me. | like the vaodkeng and

coming up with answers]—I agree.

[The pictures are more of a check.]—I agree.

[l think more procedurally. The pictures are making me explain more concepayedty
though I get things procedurally.]—I agree. She is having to get the conceptual down to
help them. Before the algebra unit, she was so quiet. She was willing to let thenuttal

she wasn't really tuning in because she knew what she was doing. That comes from how
they are taught before they get here. A lot of K-12 focused on proceduresshifg

coming to class and thinking it is going to be easy and we are like, “Oh, no. Weraye goi
to start all the way at the beginning and relearn everything entiifédyent.” Some of

the students have it and get it. They are not going to regret not knowing the conceptual
until they teach. And that is when that is going to be like, “Oh, wow. We talked about
this. 1 don’t remember.” It is hard to get them to buy into the conceptual bebatise t

not how math has been taught. They tend to fall back on how they learned because that is
how it has been for 12 years and why do | need to do it differently. If it is not broken,
don’t fix it.

[One of the lowest confidences in teaching math at the K-3 level. | am ahfrayd | am
saying something that doesn’t make sense.]—I can see that very much. Sie is ve
patient, but it comes from that. | can see that. The way she does it in her hetithes

way they do it so she doesn’t want to share that because she doesn’t want to confuse
them, but | see her doing just fine. Some of that will come from practicep# tvlen

she sees Nicolette get something she says. Nicolette is going to sagttNisohlso an

adult in the sense that she has kids. She is not 18, 19, 20 years old. She has less invested
in how her peers see her. To Nicolette, and she never talks to them this way, but |
remember being an older student and | remember thinking in my head, “Thgyowl

out of it.” You don’t worry so much about what they think because they will grow out of
it. You just have a little bit more confidence in yourself about being a person to lte able
say, “Look. Stop. Hey, wait. Back up.” Whereas, sometimes | think some of the younger
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students, freshman and sophomore, they don’t want to look stupid in front of their peers.
They don’t want to look like they don’t get things so maybe they don’t ask about it. There
is also that, “I don’t want the rest of my group to think I am dumb.” | don’t want other
people | see every day to think, “We have to explain it to her again.” There are those
other personality things that come into play. I think it is hard to make it okay.
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APPENDIX AA

SUMMARY OF NEW CODE WORDS AND USAGES
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Summary of New Code Words and Usages

Code Words

Quotes

Belief about
Math

Participants
explained their
evolution in
beliefs about
mathematics.

Before now, | don’t know if it was so much predictable because through
high school you keep learning and learning until the last couple of years,
you use the same concepts. You are just broadening how to use it so |
guess before coming here it was more surprising than predictable. But
not even now, it is not so much predictable but | think | have more
knowledge and now | am using that knowledge and putting things onto
that knowledge and connecting that knowledge to other things, but
certain things are still surprising. Stuff | haven’t seen are cool.

| think the fixed part is probably something as you are growing up you
think there is only one right answer so maybe that is why | always felt it
was fixed and there is only one way to do it. But then when you work
with more kids and you see other people do math and stuff then you are
able to see that maybe it is more dynamic than predictable.

Belief about
Math Teaching

Participants
discussed their
evolution in
beliefs about
mathematics
teaching.

The change in my beliefs about math teaching occurred because of Math
200 ideas and me actually. | just think things are really cool when | can
just look at it and that makes more sense and that would make more
sense to an elementary student. | feel like | am going to use some of this
stuff later on when | teach.

| think they have changed. A lot of the way | grew up, junior/high
school, is this is how you do something. This is your hmk. Do it. | think
that is the only way | knew math until | got into an educational program
where you have to learn the different kinds of perspectives. | learned
about the depth of an idea than just why it is. | think | have evolved in
my way of thinking.

Confidence

Participants
mentioned
their
confidence
levels in doing
mathematics
and/or
teaching
mathematics.

Probably 8 (with 1 being not confident about teaching math to 10 being
very confident teaching math), not quite as confident (about teaching
mathematics at the fourth-sixth grade level. It is a little deeper. You
know if | could do it for a year. The 8 is probably the unknown factor. |
am thinking like of my own three kids who all do really well versus if |
had low end (less competent in math) kids. | would be a little bit more
hesitant in my abilities with them. It is just because of the lack of
experience of really being the teacher because hopefully aftelyactua
doing it, it would grow.

| am personally kind of dense when it comes to math.



Define Math

Participants
commented
about their
beliefs about
mathematics.

Disconnect

Nontraditional
participants
talked about
their problems
with
connecting to
fellow
preservice
teachers in
their class.

Schooling

Participants
explained the
impact of the
Math
100/200/300
sequence on
their beliefs
about math
and math
teaching.

Working

Participants
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With math, I think there are right and wrong answers. | think it is
dynamic because there are different ways to get there, but you can’t do
2+2=5. It equals 4.

Math is related to everything else and everything else is related to math.
Seeing it through different methods can only help their understanding.

It's very apparent that | am at a totally different point in my life. Bhat

just because I'm a nontraditional student. It has nothing to do with the
dynamics of the group. It's very hard for me to come to class and sit and
talk about what's going on in the dorms. | have a mortgage and two kids.
My biggest worries are $300 a week in daycare so | can go to school.

Sometimes, | have noticed that | get it but | can’t explain it to them
because I'll get an answer and | know my answer is right, but | think
they will debate me on it so | let it go. That is why | don’t like groups
because you get some people are right all the time and don’t want to be
wrong. And then you get others who might be right. | don’t know.

Probably, a lot of my beliefs and everything have changed since coming
to here and in my math classes because before | hated math and I just
everything and | wasn’t confident in it and through the courses, and
Geometry I'm still kind of struggling with but, it was just really fun
learning it and just exciting. Prior to coming here, | liked Algebra but the
secondary teachers’ personality had a lot to play with me not liking
math.

| think a lot of it comes once | came here to be a teacher.

It a little school in Caney. If you were to look at test scores, they were
the lowest for the Caney community. But even looking now, | believe
we were already two years with that program, you could see the

discussed their difference in the kids. What was neat about it is kids were moving at

work
experiences in
the public
schools.

their own pace. | had some kids who who alreadyigrdade math who
were 8" grade in & grade math.

| worked at an elementary school for 6 years. | helped in fourth grade math and
first grade math. | didn’t teach the math. | worked with a group. In the first
grade, | just worked with one boy. | helped him with counting. He didn’'t pay
attention. | usually took him in another room and | worked with him on

counting and adding.
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