University of San Diego

Digital USD
Dissertations Theses and Dissertations

2020-08-31

The Construction of Student Mathematical Identity and its
Relationship to Academic Achievement

Ann Trescott
University of San Diego

Follow this and additional works at: https://digital.sandiego.edu/dissertations

Cf Part of the Educational Leadership Commons, Junior High, Intermediate, Middle School Education and
Teaching Commons, Science and Mathematics Education Commons, and the Secondary Education and
Teaching Commons

Digital USD Citation

Trescott, Ann, "The Construction of Student Mathematical Identity and its Relationship to Academic
Achievement" (2020). Dissertations. 180.

https://digital.sandiego.edu/dissertations/180

This Dissertation: Open Access is brought to you for free and open access by the Theses and Dissertations at
Digital USD. It has been accepted for inclusion in Dissertations by an authorized administrator of Digital USD. For
more information, please contact digital@sandiego.edu.


https://digital.sandiego.edu/
https://digital.sandiego.edu/dissertations
https://digital.sandiego.edu/etd
https://digital.sandiego.edu/dissertations?utm_source=digital.sandiego.edu%2Fdissertations%2F180&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/1230?utm_source=digital.sandiego.edu%2Fdissertations%2F180&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/807?utm_source=digital.sandiego.edu%2Fdissertations%2F180&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/807?utm_source=digital.sandiego.edu%2Fdissertations%2F180&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/800?utm_source=digital.sandiego.edu%2Fdissertations%2F180&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/809?utm_source=digital.sandiego.edu%2Fdissertations%2F180&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/809?utm_source=digital.sandiego.edu%2Fdissertations%2F180&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digital.sandiego.edu/dissertations/180?utm_source=digital.sandiego.edu%2Fdissertations%2F180&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:digital@sandiego.edu

THE CONSTRUCTION OF STUDENT MATHEMATICAL IDENTITY AND ITS
RELATIONSHIP TO ACADEMIC ACHIEVEMENT

by

Ann Trescott

A dissertation submitted in partial fulfillment
of the requirements for the degree of

Doctor of Philosophy

August 2020

Dissertation Committee
Lea Hubbard, PhD, Chair
Joi Spencer, PhD, Member
Robert Donmoyer, PhD, Member

University of San Diego



© Copyright by Ann Trescott
All Rights Reserved 2020



University of San Diego
School of Leadership and Education Sciences

CANDIDATE’S NAME: Ann Trescott

TITLE OF DISSERTATION: THE CONSTRUCTION OF STUDENT
MATHEMATICAL IDENTITY AND ITS RELATIONSHIP TO ACADEMIC
ACHIEVEMENT

APPROVAL:

, Chair
Lea Hubbard, PhD

, Member
Joi Spencer, PhD

, Member

Robert Donmoyer, PhD

DATE: July 9, 2020



Abstract
The California university and state college systems (UC and CSU) are committed

to accepting a diverse student body. Although there has been some growth in the
percentage of minority students admitted each year, a low number of minority and
socioeconomically disadvantaged students meet minimum entrance requirements. For
example, in 2018, only 33% of socioeconomically disadvantaged African American
students and 39% Hispanic/Latinx students who graduated from California public high
schools met minimum UC/CSU requirements (CDE, 2019).

Explanations for ineligibility include the fact that many high school students have
not completed the requisite mathematics classes due in part to the inequitable practice of
mathematics tracking. Students placed in lower mathematics tracks fail to receive the
content they need to gain access to college preparatory math classes. Moreover, students
who struggle in math often develop identities of themselves as unable to learn
mathematics, beliefs that can have persistent negative effects on their academic
outcomes.

In this study, I examined the experiences of ninth-grade students from a majority
minority low income high school placed in a lower mathematics track. Unlike their
similarly academically placed peers, however, these students were enrolled in a reform-
orientated course designed to prepare them to enter the college-going pathway in one
academic year. I sought to understand student experiences in the reform course in terms
of how their mathematics identities were being constructed in ways that might influence
their academic outcomes. To understand the complexities that construct student’s identity
and examine that relationship to academic outcomes, a mixed method research design

was employed.



Results suggest that there is a relationship between academic outcomes and
students’ mathematical identities. This identity is a result of an inextricably interrelated
network of influencing factors which include students’ level of confidence in their ability
to do math, their grades, teacher/student relationships, and students’ fear of being wrong.
Due to the interrelated nature of these factors, results suggest that even addressing one of
the factors in this network could impact students’ willingness to engage in class, alter
their mathematical identity in positive ways, and ultimately redirect their academic

pathway.
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CHAPTER 1
INTRODUCTION

The benefits of a college degree remain high despite rising higher education costs
(Autor, 2014; Autor, Level, & Murnane, 2003; Goldin & Katz, 2008). Being prepared to
do college-level work, or, in some cases, even being admitted to college, can be a
challenge for certain students (Musu-Gillette et al., 2016). This is especially relevant as
both the California university and state college systems (UC and CSU) are committed to
accepting a diverse student population. Although there has been growth in the percentage
of minority students admitted to the California higher education system, each year a
disproportionate lower number of minority students are enrolled. For example, in 2019,
68% of the UC freshman class were not from underrepresented minority populations!
(University of California, 2019). However, in 2016, 60% of California public high school
12" graders were from historically underrepresented ethnic groups (University of
California, 2018). Enrollment challenges in completing requisite coursework in high
school can be especially daunting in a field like mathematics where acquiring new
knowledge and course progression is, for the most part, facilitated by having acquired
prior knowledge in the discipline.

The importance of coursework progression is quite evident in the state of
California where both the UC and CSU systems require completion of specific courses to
be eligible for admission (Gao, 2016). These courses are referred to as A-G coursework,

a series of high school courses students are required to complete for college admission.

! Underrepresented minority students are American Indians, African Americans, and Chicano/Latinos.



In 2015, only 41% of California high school graduates completed A-G
coursework. The numbers are even more disturbing for the low income Latinx student
population with only 32% of these students having met minimum CSU entry standards
(Samuels, 2019).

High minority, low income population schools tend to have lower A-G
completion rates (Gao, 2016). These are schools in which more than 75% of students are
Latinx or African American and/or have more than 75% of students eligible for free or
reduced-price lunch, a measure of low income. Further, since 2000 there has been a rise
in the number of schools with high minority, low income populations (Gao, 2016;
Boschma & Brownstein, 2016). This growth translates into even larger numbers of
California students unable to enter the UC and CSU systems. Clearly, the lower A-G
completion rates and rise in the number of schools with minority, low income populations
could impact and potentially widen the opportunity gap for students in California.

Assumptions and Access

The design of the A-G coursework system is based on the assumptions these
courses are the body of knowledge students need to show they are capable of college-
level material. This systems-driven approach students must go through to qualify for
admission into California public higher education institutions disqualifies many
underrepresented students. Arguably we need to create a different system that would not
impose the kinds of consequences on underrepresented student populations. The need for
system-level reform specific to college eligibility is obvious and a need for reform in

supporting students’ development of knowledge to enter postsecondary coursework.



Access to A-G courses at high-minority, low-income schools is one explanation
for lower A-G completion rates (Raines, 2019). The phenomenon of tracking students by
perceived ability, i.e., placing students on various course pathways based on assumptions
about their capacity to learn a school subject like mathematics, limits post-secondary
options for non-college going tracked students and is another explanation for the lower
A-G completion rates for minority and lower income students (Oakes, 1985). Students in
lower track? courses have decidedly less access to a college preparatory pathway,
especially in mathematics (Nasir, 2016). The easy solution would be to not have lower
track courses and instead implement differentiated instructional practices, supporting
students who have been identified as not ready for college-going coursework. However, a
report from the Brown Center revealed tracking practices continue to persist in the United
States (Loveless, 2013). Some research suggests high school educators explain placing
students in the lower tracks by claiming such placement helps low achieving students
catch up to the “regular students.” Unfortunately, research does not substantiate this
claim (Mehan, Hubbard, Villanuava, & Lintz, 1996).

Indeed, research has consistently demonstrated placement of students on the
lower mathematics track tend to remain on that track and do not catch up to their peers
(O’Connor, Lewis, & Mueller 2007; Wheelock, 1992). This is especially troubling when
the low mathematics track class is not A-G aligned. Further, teachers assigned to the
lower track tend to be less qualified and the curriculum, more often than not, is less
rigorous than the college-going track (Nasir, 2016). Additionally, many times school and

teacher practices not only limit certain students’ opportunities to learn mathematics; they

2 References to course or class tracks and tracking practices in this paper refer to students of the same grade
placed into various classes based on assessments that are used to measure mathematics course readiness.



also influence the construction of student views of themselves as learners of mathematics
(Tyson, 2011; Spencer, 2006). Students’ view of themselves as learners of mathematics
can contribute to mathematical learning (or lack of learning; Berry, 2008; Boaler, 2002;
Martin, 2000, 2010; Stinson, 2008) which can, in turn, influence progression through
coursework.
Personal Experiences from the Field

Ideas about student views of themselves as learners of mathematics and how that
impacts academic success has been an area of interest of mine for many years. As a
teacher and teacher leader I have firsthand experiences that speak to mathematical
beliefs, perceptions and frustrations for both students and teachers that impact student
persistence to engage and be doers of mathematics. The following paragraphs capture
some of these experiences from the field. These experiences are intended to contribute to
the impetus for this research.
Beliefs

The consequence of a student possessing a view of themselves as having an
inability to learn and be successful in mathematics not only impedes course progression
in the secondary setting, but in my experience can also imped course progression in post-
secondary settings. Several years ago, | was an adjunct professor at a CSU. The classes I
taught were intended for students who did not have a desired score on an entry level
mathematics test to enter their field of study. Many of my students were non-traditional
college students; students in their last 20°s or 30’s, entering college for the first time or

returning after an unsuccessful try at college.



In talking with many of my students I found a common theme. I heard numerous
stories about anxiety surrounding mathematics that, to their recollection, started in or
around fourth grade. The research of Ginsburg and Asmussen (1988) seems to confirm
this notion. According to Ginsburg and Asmuseen by third or fourth grade many students
have developed a firm and negative view of themselves as learners. Many of my students
felt they were fairly good at mathematics up to fourth grade but as the topics became
more challenging, they were left behind in their mathematical understandings and began
to develop negative views about mathematics. They felt that this fact along with these
experiences hindered their mathematical efficacy into middle school and beyond. A
number of them attribute their inability to complete their college degrees to the fact that
they couldn’t get “through” the math and as a consequence have negative views about the
subject and their ability to be successful. Mathematics can be a gatekeeper to student
acceptance into college (Gao, 2016). And although understanding mathematical concepts
and possessing skills are important to course success, | believe student mathematical
ability-beliefs can also be a gatekeeper to college degree completion. Addressing issues
of mathematical ability-beliefs in secondary settings has larger consequences for post-
secondary success.

Perceptions

In my years as a mathematics educator, I have come to find perceptions about
mathematics as a “hard” subject, not accessible to all, is a prevalent notion. And this
perception is used as a way to justify actions of students, teachers, parents, and
mathematics departments. One such experience that I share is when I was a middle

school mathematics teacher and a department chair. Many times, when I had



conversations with teachers and parents of struggling students, and even with the students
themselves, I was astounded by the comments I heard. Typical remarks included:

e Since | teach the low students, I don’t think we should include those students in
our data analysis of the math department. They are just always going to struggle
in math. (Teacher - mathematics department meeting.)

e Mrs. Trescott, really, I just want my kid to pass math; he struggles you know.
Also, I wasn’t very good at math either. (Parent)

e Mrs. T, you know we’re the low math kids, so do we really need to do all this
work? (Student - during math class)

These comments indicated a sad reality to me: many people, including the
students themselves, did not believe they can learn mathematics, and they were unable to
achieve at grade level. This perception was unquestioned; it was just a given. In low-track
classroom observations, I found these perceptions were evident in teacher pedagogical
practices where expectations and rigor were low. I knew these perceptions needed
adjusting, the prevalent idea of “well I was never very good in math” does not just sit
with the person who speaks these words, it speaks to a larger perception in our country of
the “haves” and “have nots” of mathematics access and it plays out in our classrooms. I
believe this perception limits access of groups of the United States population to access
equitable education and life options. These perceptions must be addressed if we are
serious about equity-based education.

Help!
After four years of asking my middle school principal, I had the opportunity to

teach students on the low mathematics track. My year of teaching the low tracked



students was by far the most challenging year I have ever had as a teacher, and the year |
grew the most as a mathematics teacher. Every aspect of my pedagogy was challenged.
Students did not retain information, students were unmotivated to learn, practices I had
always used to get to mathematical rigor did not work with my low tracked students.

I found myself starting to buy into the perceptions that low tracked students can’t
learn mathematics. I knew I needed a paradigm shift in my beliefs about my students and
in my teaching practices. So, I asked my students for help. Together we worked out a
student goal tracing plan that was standards grade-aligned. Students could see their
progress and knew exactly where they needed support. I aligned content to those needs.
This tracing plan appeared to validate student effort and success which resulted in student
motivation and engagement in the learning process.

In speaking with colleagues at other middle schools who also teach low tracked
mathematics students I heard the same frustrations I had. One colleague stated, “Many
times my students on the low track have had poor or failing grades in math for several
years by the time we get them in middle school. My students don’t even want to try
anymore.” This frustration was further fueled as schools moved to adopt the state
standards (Common Core State Standards), whereby rigor and deep understanding of
mathematics is expected of all students and would be testing on state mandated
assessments. A colleague stated, “Almost all the students with IEPs (Individual Learning
Plans) and ELLs (English Language Learners) go into one class. This makes it very hard,
if not impossible, to meet the high expectations of the common core.” One colleague
stated, and I agree, “When are we going to actually, really start to address the issues of

teaching and learning on the low math track?” In school structures whereby tracking



practices persist, teachers need support to meet the needs of their students. Teacher
support must not only address student academic achievement, but also students’ views of
themselves as learners of mathematics.

Statement of Problem

Because students’ views of themselves as learners of mathematics can contribute
to and also, in some cases, inhibit mathematical learning and course progression, research
on the construction of students’ views of themselves as learners, referred to as
mathematical identity, is burgeoning. The work so far has indicated teaching practices,
teacher expectations of student outcomes, peer interactions, and school structures can
influence the construction of student mathematical identity in a school setting (Turner,
Dominguez, Maldonado & Empson, 2013; Boaler & Staples, 2008; Boston, Dillon,
Smith, & Miller, 2017; Aquirre, Mayfied-Ingram, & Martin, 2013; Ashcraft, 2002;
Ramirez et al., 2013; Warshauer, 2015; Hiebert & Grouws, 2007; Absolum, 2011; and
others). Although the variables identified as contributing to the development of students’
mathematical identities have been varied, one message that comes out loud and clear in
virtually all of the research focused on understanding students’ mathematical identity and
student outcomes: school context matters. There is a need to continue to research the
construction of student mathematical identity in varied school contexts.

One of the most influential studies of how educators and school structures can
positively impact students’ mathematical identity and academic outcomes is a study
published in 2008 by Boaler and Staples. This was a five-year, longitudinal Standard
Mathematics Teaching and Learning Study with three urban high schools in California.

One reason the Boaler and Staple’s (2008) study was so influential was that it suggested



specific school factors/features to positively impact students’ mathematical identities and
influence academic outcomes. The researchers compared three schools, two of which
employed tracking practices and placed freshman mathematics students into either
college-going or remedial classes and used “traditional” teaching practices and
curriculum. In contrast, the context of the other school in this study, a school they called
Railside, placed all freshman students in college-going, de-tracked classes, and used a
reform-oriented approach®. The ninth-grade students at Railside were academically
achieving at significantly lower levels than the two comparative schools at the beginning
of the study. Further, Railside demographics were more diverse than the comparative
schools with students from a variety of ethnic and cultural backgrounds.

Boaler and Staples reported the students at Railside, the de-tracked school,
realized greater academic gains and demonstrated more positive mathematical identities.
While the ethnic and socioeconomic composition of Railside were very similar to urban
American schools, its practices (during the course of the study) related to mathematics
course-taking opportunities differed greatly. The reform orientated approach at the
Railside school included both de-tracked mathematics classes, and teaching and learning
practices the teachers at the school developed. These teaching practices were grounded in
a knowledge base of how mathematics works, the conceptual level of understanding, and
on how to teach mathematics for student success of mathematics at this conceptual level

of understanding.

3 The reform orientated approach at the Railside school included both de-tracked
mathematics classes, and teaching and learning practices that were developed by the
teachers at the school and included an emphasis on conceptual understanding problems
and student groupwork.
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In contrast to the Railside study, most American schools are not actively de-
tracking their mathematics courses (Loveless, 2013). Likewise, unlike the reform
curriculum used in the Railside study, teachers are expected to use the district adopted
curriculum that may not include a reform approach to teaching and learning (Ladson-
Billings, 2008). Further, Railside is a large urban high school, and bused in relatively
small numbers of low-income, minority students. However, since 2000, there has been a
rise in the number of schools with high minority, low income populations (Gao, 2016;
Boschma & Brownstein, 2016). High minority, low income population high schools tend
to have lower college-going coursework completion rates (Gao, 2016).

Consequently, there is a need to explore the construction of positive mathematics
identities in students and the relationship between these constructions and improved
academic achievement in other contexts than the type of context in which Railside was
located and structured. Railside was a de-tracked, urban setting that used reform practices

for teaching and learning. The proposed study will begin to do this.
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CHAPTER 2
LITURATURE REVIEW

If a person does well in something, gets feedback supporting they are in fact
doing well, then their attitudes about that thing and their ability to be successful will be
positive. Hence, a relationship between successful outcomes and positive ability-beliefs is
a concept that is easy to grasp. The converse may not be as obvious. If a person does not
do well in something, that might make them want to practice it more and try harder to
better the outcome, or it might elicit negative attitudes about their ability, causing them to
stop trying or stop the activity altogether. Therefore, knowing the right motivators when a
person is not doing well is more complex.

When the relationship about one’s success in activities and one’s beliefs about
their ability to engage in the activities is in an educational setting, and in a mathematics
classroom, we come to understand it is constructed by various influencing factors.
Further, as the classroom is a social setting, these beliefs and dispositions, or a
mathematical identity, form as we interact and participate in a community (Martin,
2006). The focus of this literature review is to examine factors in the social setting of a
classroom that influence the construction of mathematical identity in relation to academic
outcomes.

There are three sections to this review. First, I examined the idea of identity in a
community, looking at how interacting with one another impacts the construction of
identity. Understanding the construction of student mathematical identity through the
theoretical grounding of community is important for this research since the context of this

research, low mathematics tracked students, students who have been labeled as
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academically not prepared for grade-level content, and reform curriculum, forms the type
of learning community investigated in this research. Second, I examined contributing
factors in the construction of student mathematical identity in relation to academic
outcomes in a classroom, asking in what way are these factors supporting or undermining
that construction. Third, I examined the need for mathematics reform in ninth grade
mathematics and what is the need and structure of reform to mathematically prepare
students for their next math course without the need for remediation in that course.
Learning Community and Identity Construction

The construction of student mathematical identity is complex. As such, it is
important to investigate literature to focus my investigation, data collection, and analysis.
In this section I explore the literature on ideas that develop a focus and definition of
identity used in this study. Further, I explore a theoretical underpinning to ground this
study.
Self-identity

Teaching and learning are social events as students and teachers interact in a
learning environment. Learning theories that focus on social interactions not only provide
a framework for how social interactions affect behavior (Bandura, 1977), but more
specifically, how social interactions in a learning community affect student identity.
Wenger’s (1998) theory on learning communities posits that we bring our own self-
identity into a learning community. As we participate as active members of communities,
we construct self-identities in relation to these communities. These participations and
identity constructions shape not only who we are and how we interpret what we do, but

also what we decide to do (Lave & Wenger, 1991; Wenger, 1998). Martin (2000) added
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to this notion of a self-identity stating that an individual does not have a single identity,
but instead a collection of identities that together defines how we see ourselves. These
identities could be along the lines of race, gender, or, for example, an athlete, among
other identities (Martin, 2000). It is important to not make the fallacy of a uniform
identity in relation to these various identities (Rouse, 1995).

Téllez, Moschkovich, and Civil (2011) pointed out that a group of students might
all self-identify as Latinas, for example, yet come into an educational setting with very
different mathematical educational needs. These needs might be influenced by such
factors as length of time in the United States, language proficiency in both English and
Spanish, consistency or gaps in attendance in school, urban or rural educational settings,
and/or socioeconomic status (T¢llez, et al., 2011). The point of varied self-identities even
in the same ethnic group is important to consider in a school setting in which the majority
of students are all classified as Hispanic/Latinx for example, which is the student
population of this research. Educators need to be cognizant of the varied self-identities
with an ethic group, recognizing non-uniformity of potential student mathematical needs
while acknowledging cultural commonalities. It is important to emphasize that cultural
communalities can be leveraged to engage students in relevant mathematics (Saifer,
Edwards, Ellis, Ko, & Stuczynski, 2010).

Not only do we bring into a learning community a self-identity, as we interact in
that community our identities continue to develop in our minds and in the minds of
others. Our perceptions of ourselves (i.e., our values, beliefs, desires, motivations, and

self-identification) change as we interact and participate in the community. Further,
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because culture is socially constructed, culturally responsive teaching practices also align
to this theory of learning communities and the influence and development of identity.
Identity Defined

Ladson-Billings’ (1994) groundbreaking work in culturally responsive teaching
spoke to the need to support student learning by creating social interactions that align to
academic expectations, cultural competence, and critical consciousness. Gay (2000)
added to the work of Ladson-Billings (1994) by including ideas of validating and
affirming student strengths that contribute to building students’ identities. Martin (2000)
also added to the body of understanding of meeting student needs through a culturally
responsive pedagogy in terms of ways students see themselves as learners of
mathematics.

Taking up the notion about our ability-beliefs, the ways others see our abilities,
and opportunities to mathematically perform in a classroom, sets learning mathematics as
a socialized experience. The construction of these dispositions and beliefs has come to be
known as a person’s mathematical identity. Martin (2006) stated,

A mathematical identity encompasses a person’s self-understanding of himself or

herself in the context of doing mathematics... It also encompasses how others

“construct” us in relation to mathematics. As a result, a mathematics identity is

expressed in its narrative form as a negotiated self, the result of our own

assertions and the sometimes-contested external ascriptions of others. The
development of particular kinds of mathematics identities reflects how

mathematics socialization experiences are interpreted and internalized to shape
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people’s beliefs about mathematics and themselves as doers of mathematics. (p.

206)

Taking up the notion of the construction of identity as a negotiated self being
constructed and reconstructed as doers of mathematics in the community, for this study I
used Martin’s (2006) definition of mathematical identity defined as “the dispositions and
deeply held beliefs that individuals develop, in their overall self-concept, about their
ability to participate and perform effectively in mathematical contexts and to use
mathematics to change the conditions of their lives” (p. 206).

Identity is developed in the context of doing mathematics. This definition
recognizes one’s ability to participate and preform is a constructor of one’s identity. But
students must be afforded opportunities to be doers of mathematics—having entry points
to participate and perform. What are those opportunities or factors that allow a student’s
entry to participate and perform or not? These are the day-to-day occurrences that occur
in the classroom. These are the interactions between students and the teacher. These are
the employed teaching practices and structures in the classroom.

Classroom as Community

Classrooms are complex, such that many factors, structures and practices can
contribute to student learning (Hiebert & Grouws, 2007). As teachers and students
interact in the classroom, a limited view of these practices and structures in classroom
interactions would occur if we do not take up ideas about identity construction in terms of
positionality and power. Individuals possess a positional identity which are the socio-
relational structures in our social world (Holland, Lachicotte, Skinner, & Cain, 2001).

These structures allow greater or lesser access to activities. Classroom structures and
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practices must be in place so as learning is occurring, all students have opportunities to
construct positive positional identities, to willingly participate, and perform.

Complexities in the development of identity surfaced in the Martin (2000) study.
Martin’s (2000) ethnographic study of African American middle school students
suggested there are a variety of factors contributing to African American student
outcomes. In this study, Martin (2000) set out to understand the mathematical success
and failure among African American youths. He found mixed messages and expectations
between community, classrooms, and social groups laid the foundation for a more
complete understanding of students’ mathematical beliefs, student understanding to the
importance of mathematics, and student outcomes. Martin’s (2000) study recognized
influencing factors that are both in and outside classrooms and between peer groups that
can affect student identities and academic success.

Students can recognize and respond to peer influences so they can take advantage
of positive influences or resist them, both of which contribute to students’ development
of their mathematical identity. Martin (2000) suggested some contributing influences to
the development of student identities occurs in the classroom, in the interactions of
students going against the norms of peers or aligning to them. In a classroom setting, if a
student has a nonproductive view of themselves as a learner of mathematics and another
student chooses to take on this view, then these interactions can contribute to the
continued development of nonproductive identities. This finding contributes to our
understanding of the social interactions of students in building mathematical identities

and speaks to the importance of the teacher role in navigating these peer interactions.
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In Wenger’s (1998) community learning theory, our identities are shaped as we
interact and participate in a community. The idea of a learning community whereby peer
interactions contribute to the continued development of productive or nonproductive
identities is concerning for students on the low mathematics track. Many times, students
on the low track have nonproductive identities (Tyson, 2011) and potentially have these
identities for many years upon entering high school (Ginsburg & Asmussen, 1988). When
students on the low mathematics track interact with one another, there is the potential for
the continued development of nonproductive student identities. If a goal in education is to
meet the immediate needs of students, preparing them for success in their next
mathematics course in school structures that are still tracked, then what are practices that
support and shift a community, a classroom of learners on the low track with potentially
firm and negative views of themselves as learners of mathematics as they interact in the
classroom?

In the Boaler and Staples (2008) study, students shifted their mindset toward
mathematics as an enjoyable disciple. Further, students at Railside came to view
themselves doers of mathematics and also developed a respect for other students of
different cultures, genders, and social classes which are important aspects of a culturally
responsive teaching practice (Ladson-Billings, 1994). The findings indicated student
relationships to mathematics in terms of interest, authority, agency, and future plans for
learning mathematics (course progression) are related. The teaching practices of Railside
whereby students presented their math understanding and teachers asked probing
questions, provided opportunities for students to advance their dispositions toward

mathematics.
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Identity is Malleable

The construction of mathematical identity is not linear and in fact has various
influencing factors which includes mathematical context. In 2015, Andersson, Valero,
and Meaney sought to understand the shifting of students” mathematical identity in
various contexts as it relates to the development of mathematical understanding. In their
study, the research participants included 38 upper secondary students who chose a
specific course of study that avoided a mathematics-heavy program. During one
academic year, students were presented with mathematical tasks in various mathematical
contexts. Through surveys, interviews, student blogs and logs, the researchers captured
information about students’ perceptions of themselves as learners of mathematics. The
researchers found the development of a mathematical identity is not binary; people do not
have one identity or another, but instead mathematical identity builds over time and can
shift depending on a specific mathematical content (Andersson et al., 2015). Examining
teaching practices in the context of shifting math identities, this research found teaching
practices that encourage meaningful and engaging discourse positively shifted student
mathematical identities (Andersson et al., 2015). Further, less student engagement
yielded a less productive mathematical identity. This research found the development of
mathematical identities is influenced by discourse in the classroom. This outcome is
similar to Boaler and Staples (2008) and Gutstein, Lipman, Hernandez and De los Reyes
(1997) in that a key component of building student math identity is facilitated in the
classroom; classroom culture and teaching practices directly affects the development of

mathematical identity.
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Another important implication of the Andersson et al. (2015) study is labeling
students with a specific identity is not valid since these identities change as learning
occurs. Dweck (2015) warned educators and others about labeling themselves or others
into a particular way of thinking or self-identification, specific to possessing one mindset
or another. Mindsets are beliefs a person has about the way they learn (Dweck, 2008).
Dweck has observed people will self-label or label others as having a specific mindset
that is firm and unchanging (Dweck, 2015). Dweck emphasized people do not have one
mindset or another, but instead have a mixture of mindsets based on many contributing
factors and possessing a mindset is a journey and not fixed.

The idea of cautionary practices in labeling students with one type of identity or
mindset is important to consider in equity-based teaching practices in the reform course
of this research. The learning community theory tells us identity develops and shifts
through interactions with others (Wenger, 1998). Thus, it makes sense that one’s identity
also is influenced by interactions with others and that particular interactions can
contribute to productive or non-productive development of identities.

Student understanding and awareness of identity as malleable, and in particular it
is not fixed, can impact the construction of their identity as well influence academic
outcomes. In 2007, Blackwell, Trzesniewski, and Dweck conducted an 8-week workshop
with 91 students designed to engage them in understanding how the brain learns to shift
students’ views on intelligence. This intervention was conducted with middle school
students about a third of the way through the school year. The intervention group showed
positive academic outcomes for students who came to realize they had a malleable brain,

one that could change and grow as they learned new information (Blackwell et al., 2007).



20

The results of this intervention are important for the context of my research study since
shifting student mindset such that students view themselves as capable doers and
performers of mathematics is vital in constructing a positive mathematical identity.

The changing of identity does not only occur in 1 year of school, one teacher, and
one school. The malleable aspect of identity occurs even into adulthood. Another
outcome from Martin’s (2000) research study was mathematical identity can shift even
into adulthood. In this study, not only did Martin (2000) speak to students and conduct
classroom observations, he also spoke with many of the parents of the youths in the
study. One parent in particular mentioned she had difficulties with mathematics as a
child, but as an adult college student who realized math success, she changed her views
about herself as a capable learner of mathematics.

Although identity can change as we experience mathematics both as children and
as adults, Holland, et. al. (2001) stated, “The long term [identity development], however,
happens through day-to-day encounters and is built, again and again, by means of
artifacts, or indices of positioning, that newcomers gradually learn to identify and then
possibly to identify themselves with” (p. 133). Identity development is therefore both
dynamic and enduring and that analyses of how individuals participate is relevant to our
understanding of identity formation. Although claims about the impact of a few
interactions on one’s mathematical identity may be difficult to substantiate, recurrent
experiences participating and being positioned in particular ways have the potential to
support long-term identity development (Martin, 2006).

Theoretical Framing
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The ideas developed in this section point to a theoretical framing of the
construction of identity in a community (Wenger, 1998). Specifically, we possess a self-
identity that encompasses many types of identities (Lave & Wenger, 1991; Wenger,
1998). We bring this self-identity into the learning community, the classroom, and the
interactions in the classroom further shape our identities (Martin, 2000, 2006). This
shaping of identities implies that there is not a linear path in this construction, but instead
one’s identity is malleable (Andersson et al., 2015; Boaler & Staples, 2008; Martin,
2000). Further, as doers of mathematics, identities are further shifted and shaped by
various mathematical contexts in which the community of learners engage (Andersson et
al., 2015).

The Development of a Student’s Mathematical Identity: Four Key Factors

There are various contributing factors both inside the classroom and in a school
structure that influence the construction of mathematical identities. In this section, I
outline four of these influencing factors. These factors include: (a) teaching practices, (b)
teacher expectations, (c) peer to peer influences, and (d) ability-tracking.

Teaching Practices

Researched-informed, equity-based effective teaching practices described in
Principles to Actions (Leinwand, 2014) are the “nonnegotiable core that ensures that all
students learn mathematics at high levels” (p. 4). These practices are intended to provide
teachers with tools that support the learning of mathematics for all student groups. These
teaching practices are derived from a body of literature including, but not limited to,
interconnected mathematical proficiency strands (Kilpatrick, Swafford, & Findell, 2001),

understandings of interactions between teachers and students that inform mathematical
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competence (Ball & Forzani, 2011), and the standards for mathematical practice of the

Common Core State Standards (National Governors Association Center for Best

Practices and Council of Chief State School Officers [NGA Center and CCSSO], 2010).

The effective teaching practices described in Principles to Actions (2014) are

intended to provide access for all groups of learners and to connect teaching practices to

the construction of student identity, agency, and competence (NCTM, 2018). The

effective teaching practices are:

establishing mathematical goals to focus learning and structures for participation
that build agency (Turner et al., 2013);

implementing tasks that promote reasoning and problem solving and build
students’ efficacy as doers of mathematics (Boaler & Staples, 2008);

use and connect mathematical representations so as to promote students’
mathematical, cultural, and social resources that validates their experiences and
promotes interest in the subject (Boston et al., 2017);

facilitate meaningful mathematical discourse that develops validation of student
thinking and serves to promote confidence in their competence (Boston et al.,
2017);

pose purposeful questions that support the development of positive mathematical
identities and agency by situating students as thinkers and achievers of
mathematics (Aquirre, et.al., 2013);

build procedural fluency from conceptual understanding that develops
mathematical meaning-making, enhancing student confidence and interest which

can lessen mathematical anxiety (Ashcraft, 2002; Ramirez et al., 2013);
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e support productive struggle in learning mathematics, providing students time to
take ownership in their learning, perseverance, and identity development (Hiebert

& Grouws, 2007; Warshauer, 2015); and,

¢ eclicit and use evidence of student thinking not only to inform instruction but also
to develop student partnership in the learning process that enhances students’

relationship with the subject and builds agency (Absolum, 2011).

These teaching practices support the characterization of mathematics teaching and
learning as a dynamic process that builds new knowledge from prior understandings, and
the interactions between teachers and students, and students and students. Thus, the
practices are informed by not only research grounded in mathematical teaching and
learning, and cognitive science (Bransford, Brown, & Cocking, 2000; Mayer 2002;
National Research Council, 2012), but also by learning theories of social interactions.

Discourse and feedback. The teaching practices of classroom discourse and
feedback to students appear to surface in many studies that focus on student identity
(Aguirre, Mayfield-Ingram, & Martin, 2013; Boaler & Staples, 2008; Boston et al., 2017;
Gutsyein et al., 1997; Martin, 2006; Warshauer, 2015). Practices such as classroom
discourse and questioning techniques that either move learning forward or not. For
example, assessing-type questions inform the teacher if students understand an idea or
concept or not, but do not necessarily move learning forward (Leinwand, 2014). Whereas
advancing type-questions, questions that ask students why something is occurring, for
example, allows student to think more deeply about mathematics, put ideas together, and

advance student learning (Leinwand, 2014). In low-tracked mathematics classrooms, we
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typically see practices that include more assessing than advancing-type questions (Nasir,
2016).

Feedback also either encourages student learning or not. For example, feedback
that is simply the conferring of a grade, points, or a mark does not necessarily encourage
further learning. Whereas feedback that probes student thinking, asking students to
consider ideas that provide student guidance toward successful outcomes, can move
learning forward (Black & Wiliam, 1998; Hattie & Timperley, 2007). Tasks can also
promote productive student problem solving and can be influenced by teacher
expectations of student ability (Boaler, 2015; Cotton & Wikelund, 1989). For example,
teachers with high student expectations tend to engage students in problem solving
beyond answer-getting, asking students to reason and think and consider other
approaches to put ideas together (Cotton & Wikelund, 1989). Feedback that supports
students in putting ideas together and building new knowledge is especially important for
students on the low track to build grade-aligned mathematical knowledge for next course
readiness.

Teacher Expectations

Teacher expectations of student outcomes also have an impact on students’ beliefs
about themselves as learners and can contribute to student outcomes (Boaler, 2015;
Cohen & Garcia, 2014; Shouse, 1996). Although teacher expectations can be formed in a
variety of ways and from a variety of sources, most teachers develop academic outcome
expectations based on prior information such as past student performance (Cotton &

Wikelund, 1989). Negative expectations for student performance are especially troubling
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for low tracked students given their assignment to this track suggests a low level of math
ability.

As noted, teaching and learning is a social activity, as individuals interact in the
classroom students are constructing/adjusting their identities (Martin, 2000). As teaching
occurs, specifically student and teacher discourse, teachers may identify specific students
as mathematically capable or incapable, which can influence teachers’ expectations of
students’ ability to participate in discussion and influence students’ identity.

Heyd-Metzuyanim (2013) conducted a self-reflecting research study with his
seventh grade students to understand how the communication interactions between
himself, the teacher, and a particular student, Dana, who struggled in mathematics,
solidified her self-identity as incompetent in mathematics. Heyd-Metzuyanim (2013)
noted that not only did Dana self-identify as “clueless” in mathematics, after an exchange
with Dana, he also identified her as “unable to perform the task.” (p. 350). Subsequent
interactions with Dana only served to solidify the teacher’s views of Dana as
mathematically incompetent. Heyd-Metzuyanim noted,

“there was not much chance for the formation of explorative discourse between

Dana and me. My identification of her as ‘clueless’ led me to believe that not

much could be gained from asking Dana to express any mathematically rational

arguments” (p. 354).

Through reflection, Heyd-Metzuyanim realized that he was examining Dana’s
responses through the lens of his own sophisticated mathematical skills in which Dana
failed to align, which lowered his expectations of her and prompted less exploratory

discourse. Exploratory discussions in mathematics are important for students to develop
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mathematics at the conceptual level (Ashcraft, 2002; Ramirez et al., 2013). This research
brings forth the importance of examining discourse “from a more neutral viewpoint,” (p.
364), one which is grounded in what students can do to leverage responses to support
students to deepen their mathematical understandings. The idea of leveraging what
students are capable of doing will be an important teaching practice in a student
population of learners who view and are viewed as incapable.
Peer to Peer Influences

Peer to peer interactions also contribute to student identity development, which
according to Martin (2010) is a key component that influences student ability to learn
mathematics. During student interactions, students’ mathematical identity can be
influenced by negative and positive identities assigned by other students (Martin, 2000).
For example, if the idea that doing poorly in mathematics is seen as positive, this
connotation can negatively influence other students’ ideas about learning math and
actively inhibit student participation in class. In other words, if a student has a
nonproductive view of themselves as a learner of mathematics and another student shares
this view, then these interactions can contribute to the continued development of
nonproductive identities. This implies that teaching practices that encourage peer to peer
interactions and sharing of mathematical understandings can also contribute to identity
development, in a productive or nonproductive way.

In the Boaler and Staples (2008) study, students were provided opportunities to
justify their thinking about emerging mathematical understandings. Making their thinking
explicit was believed to open up the possibility of learning as a class community

(Cabana, Shreve, & Woodbury, 2014). Although allowing students to share their thinking
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is an important aspect to promoting a productive learning environment (Smith & Sherin,
2019), an awareness of identity development in these interactions is important for a
teacher to understand to support learning among all students. Student identities can be
monitored and taken into consideration in these interactions.

The idea of solidarity between students in building productive mathematical
dispositions and a classroom culture that builds critical thinkers was an important finding
in the Gutstein et al. (1997) study. This study incorporated ideas of cognitive science
whereby the intent was to build on students’ informal math understanding to develop
critical thinkers and connect the students’ culture into the learning experience. The
Gutstein et al. (1997) study was a collaboration between the researchers, five bilingual
teachers and the school principal who served students in a low-income, predominately
Mexican American community. The researchers co-taught and lesson planned with the
teachers. Outcomes from this study pointed to the importance of building students’
academic and cultural knowledge as a community of peer learners to develop societal
critical thinkers. Personal and cultural shared experiences in a community of learners
especially through behavioral prompting and verbal feedback from others are important
aspects in forming identities (Holland et al., 2001).

Classroom environment. Developing a community of peer learners, whereby
students are willing participants in classroom discussions without fear of negative peer
influences speaks to the importance of a classroom environment conducive to student
participation. During classroom observations, Martin (2000) found students were hesitant

to participate if the classroom environment seemed hostile whereby there was a fear that
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peer reactions to student correctness or incorrectness might be greeted negatively by
other peers.

Sharma, Doyle, Shandil, and Talakia’atu (2011) spoke of the importance of a
classroom environment conducive to student willingness to take risks in front of peers.
This study was conducted with students in a statistics class to understand how to create a
classroom environment where students are willing to make and justify their arguments to
the class toward a development of students own critical thinking skills. One finding from
this research was students articulated that it was very important to them that their teachers
reminded the class of the importance of supportive language when students are working
together and sharing thinking both in small group work and in the large classroom
setting. One student stated, “Sometimes I don’t have the right question and answer. It is
okay to make mistakes. Mr. . . . says we learn from our mistakes” (Sharma, et. al., 2011,
p- 300) In other words, it is not enough to provide opportunities for students to participate
in classroom discussions, the learning environment must be one in which a student would
want to participate and interact with peers, and are willing to make mistakes, an
important aspect to learning.

Ability-tracking

Many years ago, Oakes (1985) documented the negative effects of tracking
practices. The tracking practices Oakes (1985) and others investigated were after the
racial integration of schools. Most of the research included large schools with
predominately white student populations in which small percentages of African American
students were bussed into the school. Researchers found a disproportionate number of

students on the low track were African American students.
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These low tracks were found to have negative and lasting effects not only on
student achievement, but also and ultimately on post-secondary options in life. Students
placed on the low tracks were taught at higher rates by low-skilled teachers and with
curriculum that was less rigorous than the non-low track (Silver, 1998). The intention of
the low track student is to help low achieving students catch up to the regular students
(Mehan et al., 1996). However, students placed on the low track tended to remain on that
track throughout their schooling (O’Connor, Lewis, & Mueller 2007; Wheelock 1992).

Minorities students placed on the low track were typically low minority, high
white student populations. Today, however there is a rise in high minority schools in
which tracking practices persist (Loveless, 2013). In these high minority schools, students
are placed on tracks by a perceived course readiness or mathematical ability. These
tracks, although for the same course, have varied curricula that may be either more or less
rigorous (Lucas, 1999; Oakes, 2005).

The analysis by Silver (1998) of the Third International Mathematics and Science
Study speaks to the concern that students who are usually placed on the low tracked math
class typically have experiences that encompass mostly low-level knowledge and skill
such as procedural mathematics. Further, low track instruction has a predominate
emphasis that is considered lower in cognitive demand. One finding from a study done by
Newmann (1995) and his colleagues of 24 schools, who were amid a school restructure,
found the low tracked courses tended to emphasize low-level knowledge, remembering
and practice. This low-level instruction puts the student experiences at the lowest levels

of Bloom’s Taxonomy of learning.
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Interestingly, the positive student academic gains in the Boaler and Staple (2008)
study were not in a tracked academic setting and this school has a diverse student
population. That is not the case for many mathematics learners today in which tracking
practices persist in high minority schools. Negative student beliefs about their ability to
learn mathematics often results from placement into the lower mathematics tracks. After
all, tracking often conveys messages to students and teachers about smartness and non-
smartness of students and students in a lower mathematics track can construct
nonproductive views of themselves as learners (Tyson, 2011).

Furthermore, students who are placed in the low mathematics track many times
face pedagogy that not only continues to negatively affect their mathematical
achievement, but also reinforces the self-image of themselves as struggling learners of
mathematics (Oakes, 1982, 1985; Tyson, 2011). Students’ negative belief in their ability
as learners can have lasting negative effects on achievement (Martin, 2000).

Since the development of mathematical skills and content are cumulative—
mathematics, after all, is a cumulative discipline—students who are behind grade level
will consistently be challenged to catch up to their peers and meet academic expectations,
particularly if they remain on the lower track. Students who have struggled in
mathematics for many years possibly viewing themselves as having an inability to learn
mathematics starting in fourth grade, could have firm and negative views of themselves
as learners for as much as 5 years upon entering high school
(Ginsburg & Asmussen, 1988).

Students who struggle in mathematics class, and placed in the low track, have

potentially held firm and negative views of themselves as capable learners of
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mathematics for up to five years upon entering high school. The theoretical grounding of
this literature review speaks of people bringing a self-identity into a community (Lave &
Wenger, 1991; Wenger, 1998). The overwhelming challenge of teaching a low-tracked
mathematics class whereby potentially the entire class have identities in the learning
community in which they hold firm and negative view of themselves as learners of
mathematics is daunting. This illustrates the necessity to be thoughtful and focused on
teaching practices that develop productive math identities for students on the low track.
The question arises, how do we support student achievement and build productive
mathematical student dispositions in low-tracked classrooms whereby students have
mathematical identities that include views of an inability to learn mathematics?
Reform Movement and Research Context
The question of how to support student achievement and build productive

mathematical student identities specific to students who struggle in mathematics has been
identified in the mathematics education community as a need. In the following
paragraphs I speak to this identified need and the research context and need for specific
reform in my research school.

Need for Reform: High School Focus

Over several decades there have been various reform initiatives intended to

support teaching and learning of mathematics in the United States, including An Agenda
for Actions (NCTM, 1980), Curriculum and Evaluation Standards for School
Mathematics (NCTM, 1989), Principles and Standards for School Mathematics (NCTM,
2000), and Focus in High School Mathematics; Reasoning and Sense Making (NCTM,

2009). The mathematics reform initiatives in the United States have generated long-term
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improvement trends at the elementary and intermediate levels (NCES, 2015). However,
the high school longitudinal improvement trends have remained relatively constant
(NCES, 2015). In fact, National Assessment of Educational Progress (NAEP) in 2015
reported that twelfth-grade students’ overall results in mathematical achievement, and the
results specific to race and ethnicity, show no significant change from 2013 to 2015.
Additionally, the results of lower achieving students in the 10th and 25th percentiles
declined in 2015 (NCES, 2015). This implies that nationally, recent efforts to close the
mathematical achievement and opportunity gaps for low achieving and minority high
school students have not been successful.

As a result of the long-term flat high school mathematics achievement results,
there has been a call to focus reform efforts in mathematics at the high school level.
William Bushaw, Executive Director of the National Assessment Governing Board,
stated, “We have to redouble our efforts to prepare our students and close opportunity
gaps” (Loewus, 2016, p. 2). As a response to the NAEP (2015) results and the
longitudinal trend data, Matt Larson, former President of the National Council of
Teachers of Mathematics (NCTM), reiterated the need to not only focus on mathematics
education to meet the needs of all students, but to specifically focus our attention and
efforts on high school mathematics (NCTM, 2018).

The NCTM response to the national mathematics education focus was a 2018
publication outlining a high school mathematics reform initiative framework. This
research-based reform framework, Catalyzing Change in High School Mathematics,
intends to focus mathematics educators, researchers, and policymakers to embark on

discussions in four areas with the following recommendations in each:
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1. The Purposes of School Mathematics: Each and every student should learn the
essential concepts (as outlined in this reform initiative) to expand professional
opportunities, understand and critique the world, and experience the joy, wonder,
and beauty of mathematics (p. 9);

2. Creating Equitable Structures: High school mathematics should discontinue the
practice of tracking teachers and the practice of tracking students into
qualitatively different or dead-end course pathways (p. 15);

3. Implementing Equitable Instruction: Classroom instruction should be consistent
with research-informed and equity-based teaching practices (p. 25); and,

4. Essential Concepts in High School Mathematics: Essential concepts should be
incorporated into high school curriculum and represent the most critical content
from the domains of number, algebra and functions, statistics and probability, and
geometry and measurement which represent the building blocks for foundational
mathematics and success in continued study (p. 37).

These focus areas are intended to provide a framework to shift “long-standing
beliefs, practices, and policies that are impeding progress” (NCTM, 2018, p. xii). Having
a research-based framework is important to understand the work ahead but supporting
those who implement change is also vitally important.

Expectations. One of the driving factors of this high school reform initiative, is
national and state data that speaks to inequitable student access to mathematics.
Examining national and state data implies that there is a measure or expectation of where
student mathematical knowledge should be during specific years of learning. Yearly

expectations are one of the ideas behind a standards-based mathematics program and
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state mandated testing: as student learning progresses over time, testing checks for
growth and the meeting of expectations (CDE, n.d.). As previously mentioned, national
and state data shows that not all students are meeting expectations. If a goal in education,
and specifically this reform, is for students to “expand professional opportunities”
(NCTM, 2018, p. 9) upon completion of high school, then these “expanded
opportunities” must also include opportunities to attend college. There are mathematical
expectations for California students who choose to attend college. College expectations
must be understood if we are to support teachers during this reform initiative and prepare
all students for whatever option they choose. Teachers must align their practices to these
expectations.

California expectations for “well-prepared” students entering college is
documented by the Intersegmental Committee of the Academic Senates (ICAS). The
ICAS is comprised of the Academic Senates of the California Community Colleges, the
California State University, and the University of California. In 2013 ICAS published an
updated “expectations” document in response to the new state standards and was adopted
into California legislation shortly thereafter. The document has two sections, (a) student
and teacher approaches to mathematics teaching and learning, and (b) subject matter.

Section 1 addresses expectations of approaches to teaching and learning
mathematics. For students, these expectations are grounded in productive ways in which
students approach and respond to challenges of new problems or ideas. Students are
expected to have gained these approaches and responses to challenges, referred to as
productive mathematical dispositions, before entering college that support successful

course progression, degree options and degree completion.
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These productive student mathematical dispositions include:

e viewing mathematics as making sense;

e confidence and tenacity in approaching new or unfamiliar problems;

e possessing an ability to communicate mathematical understandings;

e accepting responsibility for their own learning;

¢ holding themselves and others accountable to justify assertions;

e proficiently and confidently using technology to display, explore, manage, and

investigate mathematical ideas and conjectures; and,
¢ holding a perception of mathematics as a unified, interconnected field of
study.

These productive student mathematical dispositions of a well-prepared college student
align to the “Implementing Equitable Instruction” and the “Purpose of School
Mathematics” focus areas of the reform framework (NCTM, 2018). Bringing together
both the ICAS college readiness student mathematical dispositions and the reform
framework focus areas, implies that teachers are expected to foster a learning
environment, using equity-based teaching practices that develop these productive
mathematical student dispositions. A challenge to this expectation may be when students
enter the learning community already possessing firm and negative views of themselves
as learners.

The other section in the ICAS document, Section 2, which speaks to mathematical
content students are to engage in while in high school, aligns to the California state
standards and the NCTM standards (NCTM, 2000). This implies that the expected

mathematical content focus areas for college mathematical readiness, as outlined in
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ICAS, are not separate from the California state standards. However, teachers are
challenged to teach all of the state standards and to get to the expected levels of rigor or
depth of the standards-aligned content that encompass any given course (NCTM, 2018).
This challenge is especially poignant for teaching and learning in low-tracked classes in
which course work is historically less rigorous than de-tracked classes (Lucas, 1999;
Oakes, 2005).

The lack of focus in the high school standards has been hypothesized to be one of
the contributing factors that challenge teachers to teach all the standards (Heitin, 2015).
The NCTM reform framework addresses the argument of teachers not getting to all the
standards through the proposed essential concepts. The essential concepts in the reform
framework intend to provide teachers with mathematical focus areas for teachers to
provide high-quality, equity-based instruction that develops deep student understanding
of mathematics. At the same time that teachers are providing this they are to support the
development of productive student dispositions.

A call to focus on high school reform and in particular low achieving and
minority students implies a focus on access and equity in mathematics education.
Spencer, Battey and Foote (Under Review) examined literature from 10 years of
education reform efforts related to how equitable mathematics teaching practices can
support student access and learning across student populations. The literature analysis
indicates that there is a need to target research of equitable teaching practices in the
context of student populations in which mathematics education has not served well. In
particular, they insist that research focus on opportunities students have had to engage in

mathematics and the opportunities they have had to develop positive mathematics
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identities. From the NCES 2015 national data, this implies the need to focus research on
those populations that have either shown no growth or a decrease in growth, specifically,
low-achieving and/or minority student populations.

Research Context

My study is embedded in a larger study funded by the federal government. The
larger study is focused on developing and sustaining the capacity of feeder sets of middle
and high schools to provide access and prepare all students for the greatest number of
postsecondary choices from the widest array of options without the need for remediation.
In this larger federal study, a group of professional developers, of which I am a member,
developed a reform course intended for ninth-grade students who have not shown
mathematics readiness for freshman coursework, specifically Integrated Math 1. The
design of the reform course intends to address mathematical unfinished* learning from
previous courses and prepare students for success in their next mathematics course,
Integrated Mathematics 2, without the need for further remediation.

The context of this research is what sets this study apart from other studies that
have focused on growth in historically low achieving student populations. In some ways
it is an extension of the work of Boaler and Staples (2008) in terms of using a reform
curriculum which is standards-grade aligned and develops conceptual understanding of
mathematics to understand academic outcomes and the construction of students’
mathematical identity. However, this extension focused on a student population that

Boaler and Staples did not study: low-achieving, minority students in a tracked setting in

4 Unfinished learning is a term used for mathematical concepts or skills that students may have been taught
but internalized incorrect understandings or did not yet learn but are needed in order for access to
course/grade aligned standards.
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which a reform curriculum was instituted. Further, the geographic setting of this research
is rural, small town, with agriculture as the main industry. The Boaler and Staple study
was in an urban setting. Since context matters when conducting research (Spencer,
Battey, & Foote, Under Review) the following paragraphs outline the context of this
study, why the school wanted this reform and the struggles that were occurring at the
school.

The administrator’s quotations that are incorporated in this section of the paper
were captured during an interview in Spring 2020°. The two administrators in the
interview were the school principal and one of the school’s learning directors who works
in the school counseling office. The learning director is a resident of the town and is a
graduate of the research high school.

Tracked setting and the need for reform. In focusing research on those
populations that have shown little or no growth, low-achieving and/or minority
populations, many times the schools that these students attend have inequitable structures
in place such as tracking. This research study was, in fact, conducted in a tracked school
structure which placed ninth-grade students into one of two mathematics courses: the low
(non-A-G°®) course or the college-going (A-G) course. This mathematics-tracked context
does not align to the research-based framework outlined in Catalyzing Change in High
School, which specifically called out the inequities of tracked educational setting and

years of scholarship and implored educators to cease that school structure. As such, [ am

5 March 2020 is the time period when most California schools abruptly closed due to the global pandemic,
COVID-19, and remained closed for the remainder of the school year. At the time of this interview this
school had already been closed nearly four weeks.

® A-G coursework is a series of high school courses students are required to complete for college
admission.
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not advocating for a tracked mathematics structure at schools. However, changing school
structures and policies on tracking takes time to implement and is “one of the most
challenging policy changes to enact” (NCTM, 2018, p. 18). Further, the reality is that the
practice of tracking persists (Loveless, 2013).

Since de-tracking is complex and takes time to implement, we need to think about
the immediate task of meeting student needs, whether the school has tracking or non-
tracking structures. Thus, it behooves educators to support teachers, and researchers to
unveil and address, equitable teaching practices in schools where de-tracking has not yet
occurred to support students’ content knowledge and productive dispositions, support
teachers as they work to meet the needs of all student groups and provide schools with
information on potentially de-tracking structures. The persistence of tracked school
structures, coupled with students that are behind grade level expectations, raises the
question of how do we incorporate equity-based teaching practices, as outlined in NCTM
(2014) in our classrooms today, before the laborious structural task of de-tracking occurs
to support students to get off the low track and for inequitable school structures to
change?

Although this study is situated inside a tracked school structure, the research
school Principal has stated that she welcomes the day when all students are placed and
successful in a college-going freshman class at her school. The Principal stated that a
main reason her school has not de-tracked yet is that currently her teachers do not have
the tools/strategies to teach the full set of freshman Integrated Math 1 standards when
students do not show mathematical readiness for that content. The principal noted

dialogue that has occurred between her and her freshman teachers,
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Freshman Teacher: There’s this big gap where the kids don’t get integers’. Can I

completely stop so I can teach them integers?

Principal: Well, you could stop and pause, teach them integers and then move on.

Freshman Teacher: We might need to do this for like 6 or 8 weeks.

Principal: Two months of integers, really? They’re going to tune out just because

they’re going to be bored.

The Principal went on to note, “Variables, multi-step equations, whatever the case
may be. It comes up with every concept.” The Principal’s concerns about students being
stuck remediating mathematics for most of their freshman year is typical of what is seen
in a low tracked mathematics course (Newmann, 1995; Silver, 1998).

The Principal noted, however, that her teachers recognize they do not yet have the
tools to meet the diverse academic needs of students noting, “They [teachers] want more
strategies, they want to build the tool box of first quality instruction.” It is especially
difficult for the teachers to teach the conceptual understanding of mathematics, an
important aspect of mathematical meaning-making (Ashcraft, 2002; Ramirez et al.,
2013). The Principal noted, “Kids need the conceptual piece. And I think it’s hard. I’ve
seen even during the [teacher] trainings that it’s hard for teachers to come up with the
conceptual piece.”

This struggle of knowing what is needed to meet diverse ability student needs and
teacher’s capacity to include these into practice was revealed in a 1998 study by
Manouchehri and Goodman. This ethnographic study was conducted with 66 middle

school teachers across twelve districts for 2 years, wanting to understand the connection

7 In standards-aligned curriculum, concepts about integers are typically taught in 6 grade in California.
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between what teachers knew about mathematical content, pedagogical practices and
learning theories, and their struggles to implement such practices. A main finding from
this study was that teacher’s own lack of conceptual understanding of mathematics got in
the way of them being able to teach students conceptual understanding of mathematics
(Manouchehri & Goodman, 1998). As the Principal of this reform school noted, her
teachers struggle with the conceptual understanding piece in their teaching practice.
These ideas of teachers needing tools and strategies to meet the diverse abilities of
their students and the need to be better equipped to teach the conceptual understanding of
mathematics are not only reasons for the school to not yet de-track, but are also two of
the reasons the Principal stated for the need of this reform course. An additional reason
for the need of a reform course is that students at this school are not yet academically
successful in mathematics and hold attitudes that they are not good at mathematics. The
Principal noted that, “At the end of our first semester with ninth graders, half of them are
off track for graduation. And usually it's their Math class that's doing it.” This puts
students in ninth grade already behind to meet the A-G coursework requirements for
entrance into California’s public higher education system. The Principal’s concern about
successful completion of courses coincides with the disturbing 2018 numbers of low
income Latinx student populations in which only 32% of these students met minimum
CSU entry standards (Samuels, 2019); low income and majority minority student
population is the demographics of the reform school. (The reform school demographics
are detailed in the Methodology section of this paper.) Thus, students not successfully

completing courses is a valid concern for the research school Principal.
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The Principal emphasized the other aspect of student success is “getting the kids
over the hump of you can do math . . . [there is a] fear of math;” in other words, the
beliefs that students hold about their ability to be successful in mathematics. Since
academic success is related to student ability-beliefs, it is important that both are
addressed in a reform course (Blackwell et al., 2007). The Principal summarized the need
for the reform course in this way,

The big thing in our job is to make sure that any kid who wants to go to college

can and is successful. So that’s why [we wanted the reform course]. The majority

of kids were failing math. They were going in and failing Math 1 [freshman
math], moving to Math 2 now they’re failing Math 2 [sophomore math], now
they’re failing Math 3 [junior math], you’re looking at a kid their senior year who
now have three math classes in their schedule or doing credit recovery because
we’re trying to get them out of here. We’re not fixing the problem. We’re not
fixing any of it. So the [reform] class was put in place to solve the problem of kids
either not being comfortable, not having confidence, not having the skills to get
them caught up and then move them comfortably into an A-G class.

Rural agricultural settings. Although the context of my research is in a rural
agricultural setting, I am not studying rural education in and of itself. However, there is a
lack of educational research in rural settings (Arnold, Newman, Gaddy, & Dean, 2005),
so it is important not to ignore aspects of the rural setting in this research. The rural
setting for this research sits in the central valley area of California, which accounts for
nearly a third of California’s population and is the fastest growing population region in

the state (Swearengin & Ramakrishnan, 2019). The California central valley is the
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breadbasket of the United States due to its large agriculture industry. The region is
geographically bound by the coastal mountain ranges to the west and the Sierra Nevada
mountain range to the East. The central valley has seen a population growth over the past
decade mostly due to rising birth rates and the large migration of residence from other
parts of California in search of affordable housing and jobs (Lillis, 2019). The residents
of the central valley are ethnically diverse and the largest minority group (32%) is Latinx
(PPIC, 2006). High poverty and lower levels of education are the norm compared to the
rest of California (PPIC, 2006).

Rural and small towns make up the majority of the communities in the central
valley. One point McShane and Smarick (2019) made is the importance of conducting
research through a non-deficient lens since there are many things that are working in rural
communities, such as more social unity, stronger beliefs in community wellbeing and
stronger community support to one another in a rural community (McShane & Smark,
2019).

The principal suggested the idea of a strong community regarding the school
graduation ceremony that would now not be taking place due to the global pandemic,
COVID-19, and subsequent school closure. The Principal noted graduation is a very big
deal not only for the seniors in high school but for the entire town since everyone comes
together to celebrate the students’ accomplishment. The impact of the community not
being able to come together for graduation this year is a source of stress for the school
and community. School is much more important to the day-to-day life of rural

communities than in other settings and as such educational researchers need to
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understand this otherwise it could create obstacles in reform initiatives (Arnold, et. al.,
2005).

Another point surfaced in the administration interview is a student’s transition to a
large university setting from their rural high school. The principal noted they have many
capable students in their school who are accepted to attend the large University of
California (UC) schools. However, once on a university campus student quickly become
overwhelmed with the size and lack of support, finding themselves back in their small
town before the end of the first semester. Most students at the high school not only have
parents who did not attend college, but who also do not speak English, which the
Principal noted as barriers to successful transition to college. The Principal stated,

What happens is our kids are just as smart and as strong academically as any other

school. We have a trend of kids getting accepted to these big UCs and they don’t

survive the semester or they only survive a semester and they come back home

and go to [local community colleges].
Many researchers and practitioners consider first generation and rural college students an
at-risk population for college-degree completion (Schultz, 2004). The Principal’s
sentiment seems to coincide with a 2004 study in which researchers interviewed six
Latinx students from a rural agriculture community in their first year in a large university
setting. Results from this study seemed to indicate there were numerous challenges for
these students such the academic rigor, school structures and expectations of self-
direction of college students. Additionally, student lack of experiences in large towns or
campuses also was a transitional challenge (Schultz, 2004).

Conclusion
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This research sits in the theoretical framing of the construction of identity in a
community (Wenger, 1998). Specifically, we possess a self-identity that encompasses
many types of identities (Lave & Wenger, 1991; Wenger, 1998). We bring this self-
identity into the learning community, the classroom, and the interactions in the classroom
further shape our identities (Martin, 2000, 2006). This shaping of identities implies there
is not a linear path in this construction, but instead one’s identity is malleable (Andersson
et al., 2015; Boaler & Staples, 2008; Martin, 2000). Further, as doers of mathematics,
identities are shifted and shaped by various mathematical contexts in which the
community of learners engage (Andersson et al., 2015).

As students and teachers engage in a community of learners, teaching practices
that encourage and promote productive classroom discourse and provide student with
targeted feedback matter in the construction of identity (Aguirre, et. al., 2013; Boaler &
Staples, 2008; Boston et al., 2017; Gutsein et al., 1997; Martin, 2006; Warshauer, 2015).
Further, a classroom environment that promotes mathematical risk taking creates
opportunities for students to willingly engage in problem solving (Martin, 2000; Sharma,
et. al., 2011). Additionally, classroom practices and tasks that promote student access to
rigorous mathematics are vitally important for course-level expectations, success in
mathematics and the construction of productive mathematical identities (Ashcraft, 2002;
Ramirez et al., 2013; Heyd-Metzuyanim (2013).

Although the research is focused on what occurs in classrooms engaged in a
reform course, understandings about the rural community is important to consider in the
construction of identity (Martin, 2000). This is especially true for high schools in rural

communities since what occurs in a rural high school is important to the day-to-day life
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of a community (Arnold, et. al., 2005). In the next chapter, I will discuss the
methodology used to understand student mathematical identity construction and
academic success in the specific context of a rural school of ninth-grade students, placed

in low-tracked, reform mathematics classes.
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CHAPTER 3
RESEARCH DESIGN, METHODOLOGY AND LIMITATIONS
The purpose of this study was to understand the construction of student identity in
relation to academic outcomes of students in a rural, ninth-grade, low-tracked reform
mathematics course specifically designed to prepare students to enter a college-going
course pathway. The idea of a low-tracked reform mathematics course is unique since
typically low-tracked mathematics courses are skills-based and do not use reform
practices (Nasir, 2016). The overarching research question was: How do students’
experiences in a high school low-tracked non-A-G mathematics reform course,
specifically designed to remediate and prepare students to enter a college-going track,
influence the construction of their mathematics identity and impact their academic
outcomes? The following research questions guided this study:
1. How are students’ beliefs about their mathematics ability being constructed in
the reform class?
2. What factors are supporting or undermining positive mathematics identity and
how is math identity related to academic progress in a reform course?
Research Design
Mixed Methods
Both quantitative and qualitative data was needed to develop an in-depth
understanding of the complexities of students’ sense of their mathematics ability and its
relationship to academic outcomes in the context of this reform course. A mixed method

research design was chosen for this study, since the procedure of collecting, and
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analyzing and mixing both qualitative and quantitative data provided a greater depth of
analysis to help answer the research questions (Creswell, 2002).

Student mathematics identity construction includes complex belief systems of
both teachers and students. As Aguirre, et. al. (2013) pointed out, a students’ mathematics
identity includes a belief system that crosses many contexts of their lives. Similarly,
teacher expectations influence students’ perceptions of their ability and are constructed
through many modalities and contexts (Martin, 2000). Thus, the construction of student
identity and its relation to academic outcome is complex and includes information that is
outwardly observable, seen, heard, or written, and information that is not, but exists in
non-verbalized thoughts.

I examined factors that supported or undermined student progress and the
construction of their mathematics identity. I conducted classroom observations,
interviews with administrators, teachers and students and administered a survey to
students to understand their attitudes and perceptions about their ability to do math and
how their beliefs are related to academic outcomes.

Surveys and interviews allowed me to access teacher and student voice and add
depth of understanding and context. As Patton has explained, interviews and
conversations add context to complex phenomenon (Patton, 2015).

Case Study

The overarching research question of this study focused on student experiences in
the reform course, along with the apparent impact of this course on both their
mathematical identities and their mathematical achievement. The reform course functions

as a case, and, therefore, this work is considered a mixed-methods case study. A case
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study design was chosen to focus attention on what can be learned from an in-depth look
at a single case (Schram, 20006), in this case, the reform course, is bound by time (one
academic year) and place (one school site; Creswell, 1998).

Research Methodology
Research Site and Sampling Procedures

Due to the positionality of the researcher on the professional development team
and the fact this school is the only school using the reform course, this study employed
both a convenience and purposeful sampling (Neuman, 2011). Although convenience
sampling offers low credibility (Glense, 2011), this study will serve as a launch point and
initiator of conversations for further investigation with a much larger and more
representative sampling of the population.

The research site is a rural, small town California high school with a population of
approximately 858 students. The student population is approximately 89% Hispanic, 8%
White, non-Hispanic, and 3% African American. The school is considered a high-poverty
school, with approximately 80% of the student population identified as eligible for free or
reduced-price lunch. The percent of students who did not complete A-G coursework
during the 2018-2019 academic year are as follows: African American not Hispanic 77%;
Hispanic or Latino 62%; and white 57%. The percentage rates of the research site
coincide with state results which shows high minority and low-income schools tend to
have lower A-G completion rates (Gao, 2016).

Students and teacher. The research site has 10 freshman mathematics classes
which are split into two tracks; college-going (A-G aligned) and non-college-going (non-

A-G aligned). Three of the non-college-going freshman classes were assigned to the
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reform curriculum, and are therefore the three classes included in this study. One teacher
teaches all three of these non-college-going reform classes. Data was collected from the
reform course teacher and from the reform classes and students.

Reform teacher background. The reform teacher is a first-year teacher who
recently graduated from college with a mathematics degree. She has yet to complete a
teacher training program. She was raised and currently lives in the small town of this
study and was a student in the same high school. She is Hispanic and fluent in English
and Spanish. Her background is similar to most of her students in that her parents are not
fluent in English and did not attend college. Comparable to the school administrator I
spoke with and the need to support the small-town community, the reform teacher said, “I
knew I wanted to come back and help my community just because I know that growing
up I had those teachers who were just nag and didn't actually attempt to make a
connection with us or have a relationship with their students.”

The school principal purposefully chose this teacher to teach the reform course.
When the reform teacher was a student at the school, the principal was her learning
director. The Principal stated that, “I knew her very well and that she was strong in
math.”

Mathematics course placement. Student placement onto freshman mathematics
tracks was determined based on the results of a mathematics diagnostic assessment given
to the students during the spring of their 8% grade year®, the students’ eighth grade second
semester grades, and their eighth-grade California Assessment of Student Performance

and Progress (CAASPP) scores. Using these assessment outcomes and the school’s

8 The diagnostic assessment students took was a high school readiness test published by the UC/CSU
Mathematics Diagnostic Testing Program.
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placement criteria, 122 (54%) of entering high school students were placed in the college-
going track (A-G) classes and 105 (46%) of the incoming freshman population students
were placed in non-college-going track (non-A-G) classes.

Amongst the 105 non-college track students, 36 students were identified as
nearly-ready for the college track; for this study, these students are referred to as the
“nearly-ready” students. The 36 nearly-ready students were placed into two classes. Both
nearly-ready student classes and one of the other non-college-going classes (14 students)
are using the reform curriculum, and constitute the student groups that will be the focus
in this study. Therefore, there are three classes in this study and the total number of
students was 50.

Data Collection Procedures

Data collection for this study occurred according to the timeline in Figure 1. The
types of data collected provided information into the two guiding research questions of
this study which are both focused on the construction of math identity and its relationship
to academic progress: (1) How are students’ beliefs about their mathematics ability being
constructed in the reform class? and (2) What factors are supporting or undermining
positive mathematics identity and how is math identity related to academic progress in a
reform course?

Quantitative pre and post data from student mathematical assessments was used to
understand changes in student mathematical outcomes. A student mathematical attitudes
and perceptions survey was used to understand the relationship, if any, between student
outcomes and student perceptions and attitudes about mathematics. Qualitative data was

collected and used to understand teacher expectations, teaching practices, and peer
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influences on the construction of student identity. These data sources included teacher
interviews, classroom observations, and student focus group interviews. Additionally,
school administrators were interviewed to understand the school need for the reform
course and the context of the community. The data collection procedures for both the
quantitative and qualitative data are described in detail below.

Figure 1.

Data Collection Timeline

Classroom
Observations
Student Mathematics November, Teacher Interview Student Focus Group
Assessment (Pre) December, 20i9 & (Post) Interview

September, 2019 January 2020 January, 2020 Janaury, 2020

Teacher Interview Student Mathematics Student Math Administration
(Pre) Assessment (Post) Attitudes and Interview

November, 2019 December, 2019 Perceptions Survey April, 2020
Janaury, 2020

Collecting quantitative data. The UC/CSU Mathematics Diagnostic Testing
Program (MDTP) assessments was used in this study to understand student growth and
next course readiness. Mathematics Diagnostic Testing Program assessments provide
understandings into student math holes or gaps and student next course readiness and are
a valid measure when used in this way (Huang, Snipes, & Finkelstein, 2014). Teachers
administered the MDTP Algebra/Integrated Math 1 Readiness Test in the first month of
school and again at the end of the first semester. The comparison was used to identify
academic growth.

Student math attitudes and perceptions survey. The math attitudes and
perceptions survey used for this study is a 30 question, 5-point agree and disagree Likert
survey. This survey is intended to understand student attitudes and perceptions about

mathematics. The survey questions align to the researched ideas of productive math
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attitudes and perceptions of the MAPS validation study conducted with college freshman
students which distinguishes students’ perceptions of mathematics in authentic education
settings (Code, Merchant, Maciejewski, Thomas, & Lo, 2016). There are seven
mathematical disposition categories in this survey, when taken together, provide
understanding about student beliefs and perceptions about mathematics. The categories
for the survey (Code, Merchant, Maciejewski, Thomas, & Lo, 2016) are,

e Growth Mindset: “This category rates students’ belief about whether
mathematical ability is innate or can be develop” (p. 921);

e Math applicability in the real world: “This category is intended to quantify a
student’s ability to recognize connections between mathematics and other
contexts” (p. 923);

e Confidence: The intention of this category is to understand a “person’s perceived
ability to successfully engage in mathematical tasks” (p. 920);

o Interest in engaging in math: The intention of this category is to understand “a
student’s active willingness to engage in mathematical situations” (p. 922);

e Persistence: The intention of this category is to understand “how students
approach solving a non-routine mathematical problem” (i.e., one where they can
‘get stuck’; p. 921);

o Sense Making: “This category is intended to quantify students’ perspectives on
the nature of their personal mathematical knowledge” (p. 923) and whether it
aligns to simply answer-getting or mathematical; and,

o Answers to math problems: “This category characterizes students’ views on the

nature of solutions to mathematics problems. Students may view answers in
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mathematics as being either right or wrong and the solutions supporting these

answers as having a certain degree of rigidity” (p. 923).

For this study, the survey questions were modified to be grade and age
appropriate for high school ninth-grade students. Each survey question is either a
productive or non-productive way of perceiving mathematics, which contribute to
understanding students’ attitudes and beliefs (Code, et. al., 2016).

This survey was administered to students after students have received their
semester 1 grades. Administering the math attitudes and perceptions survey after students
knew their semester grade is a purposeful design of this research. Since research shows
student attitudes and perceptions can be influenced by academic outcomes (Martin, 2010;
Boaler, 2015), it was important to capture data about students’ attitudes and perceptions
after learning of their most-recent outcomes, their semester 1 grades.

Collecting qualitative data. Since teacher expectations of student outcomes has
an impact on students’ beliefs about themselves as learners and can contribute to student
outcomes (Boaler, 2015; Cohen & Garcia, 2014; Shouse, 1996), pre and post semi-
structured teacher interviews was conducted with the intention to understand the teacher
expectations of student strengths and challenges related to their beliefs and attitudes, and
their academic ability. The first interview was conducted at the start of the study and the
second interview near the end to understand changes in teacher attitudes and perceptions
in relation to student outcomes.

The five grounding questions in the list below was used to drive the focus and
direction of the interview:

1. What is your math learning journey?
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2. What are your current understandings about your students’ attitudes toward

learning math this year?

3. What are some bright spots you currently perceive in your student attitudes

about learning math?

4. What do you think might be some challenges in your students’ willingness to

try difficult math tasks?

5. In what ways, if any, do you think academic outcomes are related to students’

attitudes regarding their perceived ability in math?

Question 1 relates to the teacher’s math learning journey. A teacher’s journey,
understanding what brought the teacher to the teaching profession, to the field of
mathematics teaching and in particular this school, can influence their mindset and
expectations toward students (Rattan, Good, & Dweck, 2012) and thereby student
construction of mathematical identity (Martin, 2000). Questions 2—5 provided an
understanding into teacher perceptions of student beliefs and attitudes about mathematics
learning and perceived factors that may be supporting or undermining student outcomes.

Classroom observations. There were five days of classroom observations in all
three of the research classes. Observations were an important source of data in this study
since [ was able to understand and capture the context in which the students and teacher
interacted which were essential elements to gain a holistic perspective (Patton, 2015).
Observations also allowed for an examination of interactions between teacher and
students and how beliefs about math identity are shaped. Observations were captured

through notetaking using an observation guide prompting particular attention to teacher
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and student exchanges through dialog, teacher instructional practices, and student
engagement in mathematical content and activities.

Student focus group. Six students participated in a half hour focus group
interview. Students volunteered to participate. However, under direction of the school
Learning Director, a purposeful sampling of students was selected. There were three
students who earned an A at the end of the first semester, two who earned a B or C, and
one who earned a D or F. Academic outcome purposeful sampling was done because of
the connection between academic outcomes and mathematical identity. I wanted to make
sure I have a mix of student academic success.

This was a semi-structured student focus group interview to understand students’
beliefs about themselves as mathematics learners. This group interview was conducted
near the end of the research study after all other data are collected and analyzed (except
the administrators interview), and emergent themes have been identified. Students were
questioned about their mathematics identities. Information gleaned from the student focus
group, with students interacting in the present, was important to this study since it added
strength in my understanding from other qualitative data in this study (Neuman, 2011)
and in particular increase meaning and validity in my findings since perspectives are
formed in the context of a social group (Patton, 2015).

Data Analysis Procedures

The data analysis process and procedures were organized around the guiding

research questions of this study according to Figure 2. Details of the analyses are further

described below.



Figure 2.

Data Analysis Process
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in the reform class?

Question #1: How are students’ beliefs about their mathematics ability being constructed

Student Attitudes and Perceptions Survey

Academic OQutcomes (Pre/Post)

Survey Purpose:
Analysis Procedure:

beliefs

Relational Analysis:

research question:

2. Classroom observations

1. Student focus group interview

Understand productive and unproduct