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ABSTRACT

Mathematics Identities of Non-STEM Major Female Students

Anahu Guzman

The mathematics education literature has documented gender differences in the learning
of mathematics, interventions that promote female and minority students to pursue STEM
majors, and the persistence of the gender, achievement, and opportunity gaps. However, there is
a significantly lower number of studies that address the mathematics identities of students not
majoring in science, technology, engineering, and mathematics (STEM). Even more elusive or
non-existent are studies that focus on the factors that shaped the mathematics identities of female
students not pursuing STEM majors (non-STEM female students). Because the literature has
shown the importance of understanding students’ mathematics identities given its correlation
with student achievement, motivation, engagement, and attitudes toward mathematics, it is vital
to understand the factors that influence the construction of mathematics identities in particular of

those students that have been historically marginalized.

To address this issue, | explored the mathematics identities held by 12 non-STEM major
students (six taking a remedial mathematics course and six others taking a non-remedial
mathematics course) in one urban business college in a metropolitan area of the Northeastern
United States. This study used Martin’s (2000) definition of mathematics identity as the
framework to explore the factors that have influenced the mathematics identities of non-STEM
female students. The data for this qualitative study were drawn from mathematics

autobiographies, one questionnaire, two interviews, and three class observations.



| found that the mathematics identities of non-STEM major female students’ in remedial
and non-remedial mathematics courses were influenced by the same factors but in different
ways. Significant differences indicated how successful and non-successful students perceive,
interpret, and react to those factors. One of those factors was non-successful students believe
some people are born with the ability to do mathematics; consequently, they attributed their lack
of success to not having this natural ability. Most of the successful students in remedial
mathematics attribute their success to effort and most successful students in non-remedial
mathematics attribute their success to having a natural ability to do mathematics. Another factor
was successful students expressed having an emotional connection to mathematics. This was
evident in cases where mathematics was an emotional bond between father and daughter and

those in which mathematics was a family trait.

Moreover, the mathematics activities in both classrooms were scripted and orchestrated
with limited room for improvisation. However, the non-remedial students experienced moments
in which their academic curiosity contributed to opportunities to exercise conceptual agency and
author some of their mathematics knowledge. Further, successful students in remedial
mathematics did not have the ability to continue the development of positive mathematics
identities given rigid classroom activities that contributed to a limited sense of community to

support mathematics learning.
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Chapter I

Introduction

Need for the Study

Boylan, Bonham, & White (1999) state that the main purpose of remedial programs, also
referred to as developmental programs, is to help integrate students who are academically under-
prepared into the college or university curriculum and thus increase student retention.
Mathematics is the most common remedial subject (Lazarick, 1997; Oudenhoven, 2002) and
according to the National Center for Education Statistics more female than male students take
remedial courses (Aud, Hussar, & Kena, 2011). Remedial mathematics programs have become
“gatekeepers” not only to college level mathematics courses, but also to career options and
graduation from college. The U.S. Department of Education shows that only 27 percent of
students enrolled in remedial mathematics earned a bachelor’s degree (Vandal, 2001). For
mathematics educators it is vital to understand the factors that contribute to students’ learning
and “the process by which students’ emerging identities in the mathematics classroom might,
over time, involve changes in their more enduring sense of who they are and who they want to
become,” (Cobb, 2004, P. 336). As a remedial mathematics instructor, I have experienced
students’ battle to break free from negative attitudes toward mathematics and poor self-
expectations before substantial learning takes place, particularly, among female students.

Research has shown the reflexive relationship between mathematics knowledge and
affective qualities. It is important to understand “how students [develop] a sense of
identification with mathematics. This is especially the case for students who might have been

traditionally marginalized” (Cribbs, 2012, p. 115). The literature has shown the importance of



mathematics identities in understanding students’ learning of mathematics. However, “the term
identity has taken on great many different meaning in the literature” (Gee, 2001, p. 99). Cobb,
Gresalfi, and Hodge (2009) argue that Martin’s (2000) approach to study of mathematics identity
makes it possible to integrate different research approaches such as those followed by Sfard and
Prusak (2005), Gutierrez (2002), Nasir and Saxe (20003) and Walker (2006). For Martin (2000)
mathematics identity refers to the participants’ beliefs about (a) their ability to perform in
mathematical contexts, (b) the instrumental importance of mathematical knowledge, (c)
constraints and opportunities in mathematical contexts, and (d) the resulting motivations and
strategies used to obtain mathematics knowledge.

Gender differences in mathematics achievement may not be explained only by classroom
behavior (Randhawa, Beamer, & Lundberg, 1993). Research has shown that gender differences
become more apparent and fairly consistent, favoring male students in upper school grades
(Kimball, 1989). Moreover, Norman, Medhanie, Harwell, Anderson, and Post (2011) showed
that college female students “were more likely to take mathematics courses that were less
difficult than those recommended by the placement test. This may be due to societal influences
that lead to female students’ negative attitudes toward mathematics and a lower self-confidence
in subject” (p. 447).

Martin (2000) uses the term mathematics socialization to describe “the processes and
experiences by which individual and collective mathematics identities are shaped in
sociohistorical, community, school, and intrapersonal contexts” (p. 19). The integration of
Martin’s framework and the interpretive scheme proposed by Cobb et al. (2009) makes it
possible to address how “messages from parents and community members influence students’
understandings and valuations of classroom mathematical activity... ameliorating the
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marginalization of mathematics education research that focuses explicitly on issues of equity and
diversity” (Cobb et al., 2009, p. 43). This integration will “[increase] the usefulness of analyses
of the identities that students are developing in mathematics classrooms to instructional design

and teaching” (Cobb et al., 2009, p. 42).

Purpose of the Study

The purpose of this study is to examine the mathematics identities constructed by non-
science, technology, engineering, and mathematics (non-STEM) major female students in
remedial and non-remedial mathematics. The label non-STEM does not imply that these women
are deficient in some capacity. This study explores some of the structural barriers that these
female students experience and which may contribute to their exclusion from STEM fields.
The following questions are considered in the study:

1. What mathematics identities are held by non-STEM major female students? Are
mathematics identities different for female students in remedial versus non-remedial
classrooms?

2. What differences are there in mathematics socialization in remedial versus non-
remedial mathematics classrooms? How does this influence the mathematics
identities of female mathematics students?

3. What differences are there in socialization, engagement, behaviors, and practices
between successful and non-successful non-STEM major female students in remedial

and non-remedial mathematics courses?

Procedures of the Study
This study is parallel to what Merriam (2009) described as the nature of qualitative

research: understanding how non-STEM major female students interpret their mathematics
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experiences inside and outside the classroom and how those experiences have defined who they
are as mathematics doers. Among qualitative research, this study used a case study approach.
Case study research is a qualitative approach in which the investigator explores a real-
life, contemporary bounded system (a case) or multiple bounded systems (cases) over
time, through detailed, in-depth data collection involving multiple sources of
information...and reports a case description and case themes. (Creswell, 2013, p. 97).
The elements of a case study give the opportunity to analyze students’
beliefs about constraints and opportunities in mathematical contexts, the way in which
they define the value of mathematics knowledge, their motivations to learn or do
mathematics, and the significant aspects of their experiences that cause them to value
mathematics in the way that they do. (Martin, 2000, p. 12).
The collected qualitative data enrich the description of these particular students’ experiences and
give students the opportunity for their voices to be heard. The data for this study is drawn from
mathematics autobiographies, a questionnaire, interviews, and observations.
Research Site
This study took place in one urban business college in a metropolitan area of the
Northeastern United States. The college offers undergraduate and graduate programs that range
from Bachelor of Business Administration (BBA) to Master of Business Administration (MBA).

There is a total of 1513 undergraduate students, and of this number, 94% are female.

Sample
The participants of this study included students enrolled in one remedial mathematics
class and one non-remedial mathematics class. The remedial mathematics class consists of a

“typical” non-credit bearing introductory algebra class and covers algebraic concepts such as
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exponents, solving and graphing linear functions, solving and graphing systems of linear
equations, factoring polynomials, solving and graphing quadratic functions. The second class is a
3-credit non-remedial mathematics class. It covers fundamental algebraic concepts needed for
modeling with linear, quadratic, power, and exponential functions. In addition, students learn
about matrices, matrix operations, and linear equations in three variables. There is a heavy
emphasis on business applications such as profit, revenue, cost, break-even analysis, supply and
demand, and depreciation among others applications. The non-remedial mathematics class
illustrates the importance of mathematics in order to be successful in the business world. Based
on their mathematics SAT scores, students are placed in remedial or non-remedial mathematics
class. After successfully completing the remedial mathematics class, students are promoted to the
non-remedial class.

This study took place during the fall 2014 semester in which eight sections of the non-
remedial class and 11 sections of the non-remedial class were offered at this college. In order to
minimize confounding variables in this study, the participants were recruited from two
mathematics course sections taught by the same instructor and offered during the same class
period on different days. The author was not the instructor to reduce any biases in teaching or in
the teacher-student interaction. The two instructors teaching both courses, the non-remedial and
the remedial mathematics class, were invited to participate in the study; both accepted the
invitation. However, the instructor with the combined largest number of students was selected to
increase the pool of possible participants. The selected instructor for these courses has more than
10 years of college teaching experience and holds a Master’s degree in Mathematics. The
instructor is part of the full-time faculty and has more than 9 year of teaching both classes at this

college.



During the third class meeting, the author visited the two selected classes to recruit
students by presenting a general overview of the study. Another instructor was invited to
participate as an observer and coder in an effort to increase the study’s reliability and validity
(McKnight, Magid, Murphy, and McKnight, 2000). The instructor, observer and coder was
another doctoral student, enrolled the same program as the author, with more than five years of
teaching experience. The author, the first observer, and the second observer introduced
themselves to students as instructors that “want to talk with them to better understand their views
of the lessons and the instructional activities in each classroom” (Cobb et al., 2009, p.58). Prior
to the first observation, the observer was instructed by the author in how to use the classroom
protocol.

There were two phases to this study. Participation in the first phase of the study consisted
of participants providing copies of their autobiographies, their first homework assignment, and
completing a questionnaire that included 17 items. During the second phase of the study,
students agreed to participate in two 30-minute interviews. The second phase also included three
class observations during which participants were not identified or interrupted. Students were
asked to sign a consent form to participate. After signing the consent form, students completed a
short questionnaire that was made available in the author’s office located inside the Math Center.
The Math Center is conveniently located in a public area, well known to students that provided
enough room for privacy to complete the questionnaire.

At the beginning of the third meeting of both classes, the author distributed a flyer
announcing the two information sessions about the research study. Students were encouraged to

stay after class to learn about the research study. Pizza and soft drinks were provided during the



15 to 20-minute information session. Most of the students participated in the information session.

Students were asked to provide their names and emails if they were interested in participating.

Eight out of the 21 students enrolled in the remedial mathematics class expressed interest
after the information session. One of the 8 students was removed due to IRB regulations for the
study. Given the low response, all 7 students that participated in the first phase of the study were
invited to continue their participation in the second phase of the study. Out of the remaining 7

students, only 6 students accepted the invitation to continue.

After the information session, 6 out of the 14 students enrolled in the non-remedial
mathematics class expressed interest. All 6 volunteers submitted electronic or hard copies of
their autobiographies after signing the study consent form and stopped by the author’s office to
complete the questionnaire. Given the limited response, all 6 students agreed to continue their
participation into the second phase of the study.

Using the questionnaires, a set of students from both classes who reported that they have
earned mostly B’s and A’s in mathematics class (question 7), rated their level of success 4 or
better (question 15), and reported a level of at least a 4 in their capability to solve mathematics
problems (question 16) are referred to as successful students to address the first and third
research questions.

Moreover, using the questionnaires, another set of students from both classes who
reported that they have earned mostly C’s, D’s, or F’s in mathematics class (question 7), rated
their level of success 3 or less (question 15), and reported a level of no more than 3 in their
capability to solve mathematics problems (question 16) are referred to as non-successful students

to address the first and third research questions. There were a total of six students from the



remedial class and six students from non-remedial class that participated in the study. These
twelve students were communicated with via email to schedule both interviews, which took

place in the researcher’s office.

Instruments

Reflective writing assignment: Mathematics autobiographies. Mathematics
autobiographies. At this college, all students taking mathematics classes are asked to write short
mathematics autobiographies as their first homework assignment. Students are provided a
writing prompt to direct their writing and to focus on past experiences with mathematics (see
Appendix C). The prompt was written based on Martin’s (2000) framework. Students’
autobiographies helped identify shared experiences and situations in the learning of mathematics.
Students’ autobiographies made possible to address the first research question of this study in
triangulation with the data collected from the interviews.

Questionnaire. The questionnaire was composed of 17 items, which include original
items and adapted items from recent dissertation studies (Larnell, 2011; Cribbs, 2012;
Brockman, 2006) in mathematics identity, remedial mathematics, and socialization; topics cover
by this study. Questions such as “do you feel your SAT/ACT score was a good indication of your
knowledge about mathematics?” and “what are the highest level of education for your male
parent or guardian?” were included. The questionnaire helped to define successful and non-
successful students based on their answers to questions 7, 15, and 16. The questionnaire made it
possible to address the first and third research questions. The questionnaire was analyzed using
frequency distributions. It assisted in describing the participants in terms of gender, ethnicity,
and number of mathematics courses taken in high school, as well as other demography and

mathematics background descriptors.



Interviews. Six students from each participating class were interviewed. The 12 students
were interviewed twice following a semi-structured process. The first interview was scheduled
during the third week of the semester. The first interview was guided by first interview protocol
(see Appendix D). The interview protocol was composed of original and adapted items from
Martin (2000) and Larnell (2011).

The second interview was guided by the second interview protocol (see Appendix E).
The second interview was scheduled during the eighth week of the semester; this was after
students have received their midterm grades. The second interview protocol is based on the work
of Cobb et al. (2009) and composed of original and adapted items from interview protocol that
appeared in Larnell (2011). The information obtained from the interview enriched the
understanding of the identities held by non-STEM major female students; therefore, the second
interview provided valuable insight to address all three research questions.

Field notes. Creswell (2013) argued that “[t]ypically, case study researchers study
current, real-life cases that are in progress so that they can gather accurate information not lost
by time” (p. 98). The author and the additional observer observed each selected class during the
fifth, seventh and tenth week in order to witness the development of students’ identity thought
out the semester. The author and the observer followed the same class observation protocol (see
Appendix F) and compared their observations to increase the validity of the study. The class
observation protocol was adapted from a class observation protocol developed through
collaboration by U.S. Department of Energy precollege education program managers and the

National Center for Improving Science Education.



Chapter 11

Literature Review

Introduction

Most of the literature related to mathematics and female students covers topics about
gender and sex differences that include achievement and participation (Fennema & Sherman,
1977; Lubienski, Robinson, Crane, & Ganley, 2013), differences in spatial skills (Maccoby &
Jacklin, 1974), intervention programs for female and minority students (Clewell, Anderson, and
Thorpe, 1992), and increasing the representation of women in STEM majors or careers (Glass &
Minnotte, 2010). All of these studies have significantly contributed to the understanding of
female students’ learning of mathematics. However, if most students are not pursuing STEM
majors or careers (Beede, Julian, Langdon, McKittrick, Khan, & Dooms, 2011), there should be
more studies about non-STEM students and mathematics in post-secondary education (Cullinane
& Teisman, 2010; Seymour & Hewitt, 1997; Tobias, 1990). Even more elusive are studies about
non-STEM female students and mathematics that address their evaluation of mathematics,
beliefs about mathematics, the “kind of”” mathematics doers they are and the factors that have
defined their relationships and experiences with mathematics without an emphasis on gender
differences (Gee, 2001, p. 99). This perhaps may shed some light on the many open questions
regarding the participation and success of women in mathematics.

It is important to understand how to support gifted, talented women better in
mathematics, those in the upper quartile of the mathematics achievement distribution, as stressed
in Hyde and Mertz (2009); however, we should not forget about the lower end of the distribution

and non-STEM major female students. These female students are perhaps the most affected by
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gender inequality at the different levels of our society, particularly since achievement scores do
not tell us everything about mathematics understanding or even performance (Boaler, 2003;
Flores, 2007; Gutierrez, 2008; Lubienski, 2000; Martin, 2000; Schoenfeld, 2002). Maintaining a
research focus on the achievement-gap ignores students’ multiple dynamic identities and agency,
as well as the importance of cultural factors that influence students’ success in mathematics
(Gutierrez, 2008).

The challenges that non-STEM students face in higher education are captured by the
statistics reported in various studies. “In general, STEM entrants had better outcomes than their
non-STEM counterparts...those entering STEM fields had a higher rate of completing a
bachelor’s degree program (35 percent vs. 27-29 percent) and lower rate of leaving college
without earning any degree (27 percent vs. 33-36 percent)” (Chen, 2009, p.7). Chen also reported
that only 38% of non-STEM students begin their postsecondary education at a 4-year institution,
compared to 52% of STEM students. Kerrigan and Slater (2010) claimed that more than 90
percent of incoming students in some community colleges are placed in remedial programs.

Students who are identified as academically under-prepared are placed in remedial
programs, also referred to as developmental programs, to help them integrate into the college or
university curriculum and thus increase student retention (Boylan, Bonham, & White, 1999).
Mathematics is the most common remedial subject (Lazarick, 1997; Oudenhoven, 2002) and
according to the National Center for Education Statistics, more female than male students take
remedial courses (Aud, Hussar, & Kena, 2011). Remedial mathematics programs have become
“gatekeepers” not only to college level mathematics courses, but also to career options and
graduation from college. The placement of students in remedial mathematics may have a
negative effect on students’ identification with mathematics. “[It] is imperative to understand

11



how students are developing a sense of identification with mathematics specially those students

that have been traditionally marginalized,” (Cribbs, 2012; p. 115).

Identity

“The term identity has taken on a great many different meanings in the literature” (Gee,
2001, p. 99). In an effort to define and understand identity, psychologists and sociologists have
used different approaches (Coté & Schwartz, 2002). Studies have used different psychological
viewpoints including attribution theory, locus of control, and role modeling to investigate the
phenomenon of identity; however, that has changed, and recent studies have addressed identity
as a social phenomenon (Boaler, 2000). In order to study the interplay of factors that influence
the construction of non-STEM female students’ mathematics identities in remedial and non-
remedial mathematics classes a sociological approach is proposed. The question is, which
framework best fits this study?

Gee (2001) has been influential in the wave of new studies about identity. Identity is
defined by Gee (2001) as the “kind of person” one is recognized as “being” in a given context.
Gee (2001) proposed four identity perspectives to understand how identities are modified in
response to social and cultural views: nature perspective (N-identities), instructional perspective
(I-identities), discursive perspective (D-identities), and affinity perspective (A-identities). N-
identities are determined by nature, and individuals have no control over them. The participants
in this study shared N-identities, as they were all women. Authorities within an institution set I-
identities. For example, some of this study’s participants were identified and placed in its
remedial program by the college where this study took place. These students were subject to this
college’s rules and policies. The D-identities are traits attributed to an individual by others that

encounter this individual. For instance, students may describe another student in class as
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annoying because he asks too many questions. Students attribute this trait, being annoying, to
describe this student. Lastly, A-identities refer to the individuals’ choice to become members of a
particular affinity group. “What people in the group share, and must share to constitute an
affinity group, is allegiance to, access to, and participation in specific practices that provide each
of the group’s members the requisite experiences” (p. 105). Some of the students in this study
may define themselves as English people based on their affinity to a group of students that enjoy
writing. They value the English as a subject; therefore, they engage and behave within the
standards of that particular affinity group.

Anderson (2007) defined mathematics identity as a self-realization through relationships
and experiences with peers, teachers, family and community in relation to mathematics.
Anderson proposed a framework to study the four faces of identity of mathematics learning:
engagement (Wenger, 1998), imagination (Wenger, 1998), alignment (Nasir, 2002), and nature
(Gee, 2001). Anderson’s framework describes the different ways that students’ identities are
constructed with respect to classroom experiences. Moreover, studies using a sociological
approach have included “beliefs, attitudes, emotions, cognitive capacities, and life histories,”
(Grootenboer, Lowrie, and Smith, 2006, p. 612).

Studies have used Holland, Lachicotte, Skineer, and Cain (1998) to study identity as a
construct that considers “figure worlds,” positioning, and authoring. A figure world is “a socially
and culturally constructed realm of interpretation in which particular characters and actors are
recognized, significance is assigned to certain acts, and particular outcomes are valued over
others” (p. 52). Boaler and Greeno (2000) argued that mathematics classrooms could be
considered particular figured worlds in which students and teachers construct interpretations of

the actions that take place in the classroom; in many cases, those figured worlds are “unusually
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narrow and ritualistic” (p. 171). Holland et al. (1988) defined positioning identity as “a person’s
apprehension of her social position in a lived world,” in another words “positional identities are
about acts that constitute relations of hierarchy, distance, or perhaps affiliation” (pp. 127-128).
Rahm and Gonsalves (2012) explored how two 9 to 12 year old girls, Alana and Kassandra,
while writing a scientific newsletter, learned and developed identities in science in an afterschool
program, ScienceGirls. Alana positioned herself as a journalist more than a scientist. Alana
embraced all the skills and expectations of a journalist. Kassandra needed to conform to the
afterschool requirements by shifting the themes of her poems from love and romance to science.
Kassandra had constructed “a figured world of a science that [was] abstract, disconnected from
her life, and as a result, boring” (Rahn & Gonsalves, 2012, p. 71). Nevertheless, Kassandra’s
participation in the writing of the science journal “enable[d] her self-authoring as both an artist-
in-residence and someone who engage[d] in science through the use of poetry” (Rahm &

Gonsalves, 2012, p. 73).

Nasir (2002) defined identity as a fluid construct that both shapes and is shaped by the
social context. Using a sociocultural perspective, Nasir (2002) argued that identities are
constructed through active participation in cultural activities. Nasir defined identity as “a fluid
construct, one that both shapes and is shaped by the social context” (p. 219). Nasir argued that
there is a link among the development of identities, learning, and goals. The alignment of one’s
behaviors and actions to reach one’s set goals influence one’s willingness to learn. One’s
motivation to learn is determined by one’s set goals and identity. “Children’s ability to imagine
(and the affordances for such imagination in practices) their own learning trajectories and their
place in relation to others is critical to the development of new goals and access to new

identities” (p. 241).
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Boaler and Greeno (2000) refer to identity as an affiliation with mathematical activity as
it is realized in the classroom. Boaler and Greeno proposed a lens through which learning is
treated as a process of identity formation in “figured worlds” to study the declining number of
students majoring in mathematics, in particular women and non-Asian minorities, and challenged
the view that this is due to the cognitive challenge of the mathematics. Cobb et al. (2009)
claimed that Boaler and Greeno “limited their focus to general classroom social norms and to the
relative openness of instructional task™ (p. 42).

Martin’s (2000) Framework and Definition of Mathematics Identity

Martin (2000) defined mathematics identity as individuals’ beliefs about their ability to
perform in mathematical contexts, the instrumental importance of mathematical knowledge,
constraints and opportunities in mathematical contexts, and the resulting motivations and
strategies used to obtain mathematics knowledge. Martin developed a framework to study what
he referred to as mathematics socialization, which considers “the processes and experiences by
which individual and collective mathematics identities are shaped in sociohistorical, community,
school, and intrapersonal contexts” (p. 19).

Martin argues that all four factors interact in mathematics socialization (see Figure 2.1).
This is supported by Bandura’s (1997) claim that human agency “operates with a broad network
of sociostructual influences” (Bandura, 1997, p. 6). Martin (2000) continued by saying that this
framework considers that the individual is not passive: “he or she is both reactive and proactive-
resisting, conforming, making decisions, forming beliefs and dispositions, and constructing
mathematical knowledge and identities” (p. 34). Therefore, “mathematics socialization and

identity formation... occurs as an individual negotiates the contextual forces, opportunities, and
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constraints that he or she encounters and that come to bear on that individual’s mathematical

development” (p. 33).

Figure 2. 1: Martin's (2000) Framework

Using a yearlong ethnographic and observational study in a predominantly African-

American junior high school, Martin (2000) studied the mathematics identities of African-
American students. The purpose of Martin’s study was to understand the underrepresentation of
African-American students in mathematics, the factors that withheld them from reaching their
full mathematics potential, and the factors that contributed to those that succeeded. In his study,
Martin considered the students’ inherited history of social, political, and economic struggles
given their ethnicity and race. Martin argued, “the experiences of adults contribute to the
community contexts that students look to for messages about the importance of mathematics” (p.

35). Martin found parents’ and community members’ mathematics identities influenced students’
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valuation of mathematics and beliefs about their opportunity to be meaningful participants in
mathematics. Moreover, school forces showed to be important factors in the development of
positive mathematics identities. Teachers’ goals and expectations for their students were found to
be significant in students’ success. Martin described the challenges these teachers faced in
providing students with a learning environment where mathematics socialization could take
place through meaningful mathematical activities. Martin narrated the stories of seven students
as “examples of how success can be found within a diversity of African-American student
backgrounds” (p. 125). Successful students’ determination, resilience, personal goals and
mathematics identities helped them overcome negative sociohistorical, school, and community

forces.

The opportunities and challenges that female non-STEM students have faced in the
pursuit of mathematics learning are parallel to those described by Martin (2000); therefore,
Martin’s (2000) framework makes it possible to address how sociohistorical, community and
school forces influence non-STEM female students’ socialization and identification with
mathematics. His work also connects to the goals of this study, which are to understand how and
why classroom activities are conducive to the “types” of mathematics identities held by non-
STEM female students and explore how outside classroom factors have and are contributing to

the ways in which students value, engage in, and identify with those classroom activities.

Sociohistorical. The sociohistorical level of Martin’s (2000) framework is mainly
influenced by the work of Reyes and Stanic (1988), Oakes (1990), and Schoenfeld (1992). Reyes
and Stanic considered variables such as family, community, religious institutions, mass media

and other societal influences to study intergroup mathematics achievement differences. This
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inclusion of societal influences is supported by Schoenfeld, who argued that “if we are to
understand how people develop their mathematical perspective, we must look at the issue in
terms of the mathematical communities in which students live and the practices that underlie
those communities” (Schoenfeld, 1992, p. 363). It is vital to consider the “historical legacy of
differential treatment in mathematics-related contexts to the understanding of mathematics
socialization and mathematics identity construction” among women in non-STEM majors

(Martin, 2000, p. 78).

In her 1981 Invisible Women, Dale Spender, from a feminist point of view, put together
historical evidence that she claimed demonstrates the history of women’s struggle in a male-
dominated education system. Spender recalled Aphra Behn’s -(1640 — 1689) and Angeline
Goreau’s (1980) stories as examples of the early women’s struggle for full education rights. In
terms of mathematics, Spender cited the work of Sheila Tobias (1978) that found girls often
attributed their success to luck and Elizabeth Fennema (1980) who found that girls’ answers
about being a mathematician and about their competence in mathematics were positive up to a
certain age, “the age at which boys’ opinions became important” (Spender, 1981, p. 83).

Women have often been excluded from higher education throughout American history.
Although Columbia University has had a women’s undergraduate college, Barnard College since
1889, Columbia College did not admit female students until 1983 (Farmer, 2008). In 1886,
Winifred Edgerton Merrill was the first American woman to earn a Ph. D. in mathematics which
she earned from Columbia University. Hyde and Mertz (2009) showed that during the decades
before World War 11, 14% to 15 % of Ph.D.s in mathematics were awarded to women. In the
1950’s only 5% of the Ph.D.s were awarded to women; however, that percentage has been

steadily increasing to 30% in the past decade. Hyde and Mertz attributed the improvement of
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female students’ mathematics performance to two cultural trends: (1) a change of requirements
for graduation and admission to college (2) the opportunity for women to pursue a STEM
education and careers before and after the enactment of Title IX in 1972, an amendment for
equal education access.

The 1970 book titled And Jill Came Tumbling After: Sexism in American Education
captured the debate about gender and education. The editors claimed that schools reflect and
perpetuate the larger society’s attitudes toward sex roles. “The degree to which the treatment of
boys and girls differs obviously offers a perspective on current social expectations for each sex,”
(Stacy, Bereaud, & Daniels, 1974, p. 160). Sex discrimination against boys was an education
concern in the 1950s and 60°s. At one end of the spectrum was sociologist Patricia Sexton, who
claimed that elementary schools, a “women’s world” given the number of female teachers, were
emasculating boys by making them follow rules that prevented them from embracing their
masculine virtues. Levy (1974) responded to this claim in Do School Sell Girls Short? Levy
argued that even though the majority of teachers in elementary schools were female, 79% of
elementary school principals were males; this, she claimed, exemplified the differential status of
men and women and the traditional sex roles (girls as obedient, docile, and dependent) that
children were exposed to in schools. “As children move through elementary school, certain
subjects, such as English, come to be regarded as ‘girls’ subjects,” while other subjects, such as
math and science, are perceived as “boy’s subjects” Levy claimed (Stacy, Bereaud, & Daniels,
1974, p. 145).

The importance of societal factors on the attainments of women and minorities cannot be

overlooked.... When individuals are placed in subordinate roles or given labels that

imply inferiority or incompetence, their self-efficacy and performance are often

19



negatively affected (Bandura, 1982). This....supports the notion that students respond to

school in ways that seem reasonable to them, given the messages schools and larger

society send them about their prospects for school success and the rewards they might

expect from the hard work that success requires. (Oakes, 1990b, pp. 200-202)

The struggles that women have to endure in their pursuit to learn mathematics have been
captured by the statistics in various studies and reports as well as by their stories. Mendick
(2006) recalled her successful and untroubled experience with learning mathematics as a female
student; however, that changed when she reached college and realized the male dominance of
mathematics. Mendick’s experience took place in a college in Cambridge, but it echoes the
stories narrated by Walker (2014) of successful black female mathematicians. These successful
women mathematicians had access to “mathematics spaces” that supported the construction of
positive mathematics identities (Walker, 2014).

Community. Based on the work of Ogbu (1974, 1987a, 1987b, 1988, 1989, 1990, 1992,
1993), Martin’s (2000) community level considers how community and cultural factors
contribute to students’ mathematics learning, achievement, and persistence. Martin defined
community as individuals that share a status and sets of experiences that they attribute to this
status. As members of communities, students’ mathematics identities are shaped by “community
forces,” which include individual and shared life histories, individual and collective experiences,
beliefs and attitudes about mathematics as practiced by parents and community members as well
as educational strategies to obtain mathematical knowledge. Ogbu (1987b) argued that minority
students’ achievement should be studied with a sociohistorical basis that considers factors from a
broader context of society such as racism, discrimination, and economic opportunities that have

not only influenced minority groups’ collective belief systems but also “discouraged the
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minorities from developing a strong tradition of academic achievement” (p. 318). “The
‘community forces’ are different for different minorities and they interact differently with
societal and school factors, producing different educational results” (pp. 288-289). Martin’s
community level gives room to explore how the opportunities and challenges that generations of
women have experienced in the learning of mathematics have shaped their mathematics
identities and belief systems.

Martin (2000) claimed that students’ mathematics experiences and beliefs mirror their
parents’ and community members’. The socioeconomic and education experiences of some
parents have minimized the value of their mathematical knowledge, while for others, their
experiences have served them as a source of motivation to reinvest in mathematics in order to
have a larger role in their children’s education. Martin claimed that parents’ mathematics
socializations and identities affected their mathematics achievement expectations for their
children; in some cases, those expectations were marginal.

School. Martin’s (2000) framework considers factors within the school context that
promote or obstruct students’ mathematics achievement and persistence. Factors such as school-
based mechanisms, teachers’ beliefs and expectations, the role of peers, and classroom and
curricular practices are examined in broader social and community contexts through the lenses of
socialization and identity. “In most classrooms, what counts as learning and who has access to
this learning is determined by the values of the local culture and larger society and by the
particular beliefs and practices evident in the social spaces of the classroom” (Gutierrez, Rymes,
& Larson, 1995, p. 445).

There is much evidence that equality in treatment of sexes does not exist in most

classrooms. Males interact more frequently with teachers than do females, and females
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have many more days in which they do not interact at all with the teacher than do males.
Teachers initiate more contacts with males than with females. Males receive more

discipline contacts as well as more praise. Teachers respond more frequently to requests
for help from males than from females and tend to criticize females more than males for

the academic quality of their work. (Fennema, 1990, pp. 3-4).

Martin’s (2000) school level considers the continuous negotiation of social and
mathematical norms among students and between students and teachers. The sense-making
process does not stop in the understanding of the mathematics content and practices, but also
includes the evaluation of “the overall importance and relevance of these practices to their own
identities, beliefs, prior knowledge, expectations, and goals” (p. 27). Martin claimed that

% ¢

curriculum practices may encounter students’ rejection if they challenge students’ “conceptions
about what counts as mathematics and what it means to do mathematics” (p. 118).

Boaler (1994) compared the performance of students from two schools with demographic
similarities but differences in their teaching of mathematical process. The students took two sets
of three questions, each set covering the same concept but in a different context. The context of
the three out of the four questions was used only to describe the situation; the context did not
require students to recall any past experience or develop ideas. However, the fourth question
described a real-world scenario. It was about running a fashion workshop in which the order of
completion of tasks matters in the real world, but it proved to be the wrong approach to find the
right answer. Boaler reported no significant difference among girls and boys from Lingforth

School in which students engaged in open-ended activities and had the opportunity to discover

mathematics in a “real” context that went beyond just describing the context; however, she found
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considerable underachievement among girls from Carroway, a content-based learning
environment in which there was a separation between process and content, when compared to
boys’ performance with respect to the fashion workshop question. Boaler claimed that this was
due to or influenced by the level of students’ involvement, considering all ‘real’ variables when
solving this problem, something that students at Lingforth were experiencing on a regular basis
in their process-based environment. Carroway girls “used their common sense as well as their
mathematical knowledge and were penalized for doing so” (p. 561).

Boaler and Greeno (2000) argued that research has shown that following traditional or
reform-oriented teaching methods results in different mathematics knowledge. This can be
understood through the new wave of research that Boaler and Greeno cited that claims that “the
practices of learning mathematics define the knowledge that is produced” (p. 172). The focus of
situated theories “on the patterns of participation that constituted learning gives insights into the
nature and extent of identification and belonging that students develop as they learn to be
mathematics learners” (Boaler & Greeno, 2000, p. 172). Perhaps women’s lack of persistence in
mathematics may be due to a failure of our education system to cultivate positive mathematics
identities.

Martin (2000) pointed out the complexity of the school setting where the presence of
community-level forces presented obstacles for both the teacher and students and the positive
forces allowing effective learning and teaching to take place that gave room for some students to
succeed. Fennema, Peterson, and Carpenter (1990) asked 38 first grade female teachers to
identify their successful and unsuccessful mathematics students. Teachers tended to identify boys
more often as the most and least successful and reported no gender difference when identifying
the least successful students. Teachers were more accurate when identifying girls as the most
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successful students. Furthermore, teachers attributed boys’ successes to ability, and “girls’
successes were attributed predominantly to effort” (p. 65). Furthermore, the questionnaire results
showed that “[while] teachers often gave their best boy math students significantly higher ratings
than their best girl math students, they apparently saw many of the same traits in their best girl
and boy students” (p.64).

One of the most widely used research instruments in mathematics education research is the
Fennema-Sherman Mathematics Attitude Scales developed in 1976. One of its main purposes
was to study female students’ learning of mathematics. The instrument consisted of 9 scales; one
of the scales is “the Mathematics Anxiety Scale” (Fennema & Sherman, 1976, p. 326). Meece,
Wigfield, and Eccles (1990) claimed math anxiety has been identified as an explanation of
gender differences in mathematics achievement and course enrollment. They cited literature that
showed women generally rate themselves more anxious than men in high school and college.
Meece, Wigfield, and Eccles showed that the factors that influence students who experience
math anxiety are students’ math ability perceptions, performance expectancies, and value
perceptions of mathematics; “the perceived importance of mathematics has the strongest direct
effects on students’ anxiety...students who assigned more importance to achievement in
mathematics reported less math anxiety” (p.68). Meece, Wigfield, and Eccles further found no
gender differences in the effects that math anxiety might have on students’ performance and
course enrollment plans. “[M]ath anxiety does not differentially predict achievement outcomes
for girls and boys, even though girls and boys differed in the amount of anxiety they report”
(p.68).

Moreover, Tobias and Haag (2012) argue that because of the dominant number of female
teachers in elementary school and given that math anxiety is more commonly found in females,
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K-3 female pupils are affected by their teachers’ math anxiety. Beilock and Willingham (2014)
argued that teachers could be the answer to reducing math anxiety. This begins by ensuring
fundamental mathematical skills at an early age. Given that the instructors’ math anxiety affects
their students, it is important to develop teacher training “to ensure that they feel fully confident
in their preparation to tech mathematics” (p. 31). Beilock and Willingham suggested that
minimizing the time pressure during assessments and ensuring teachers think carefully about the
implications of their feedback to students (in particular, those that experience difficulty in
mathematics) can reduce students’ math anxiety.

Furthermore, “[t]eachers’ beliefs about student capabilities and home environments can
lead to a sense of helplessness on the part of the teacher. This helplessness can then result in
lower expectations, ineffective teaching, and reinforced stereotypes” (Flores, 2007, p. 33). These
low expectations and beliefs affect not only the instruction that students are receiving, students’
motivation and achievement, but also the teachers’ own self-value, motivation, and mathematical
identities (Grootenboer & Zevenbergen, 2008). “Students perceive success as reinforcing, and
they will engage in mathematics if they expect to be successful” (Middleton & Spanias, 1999, p.
68).

Martin (2000) claimed that the dominant student culture defined by the school’s social
norms may have been too strong for some students to overcome and to accept running the risk of
belonging in a mathematics achieving group that was not broadly accepted by their peers. Martin
pointed out that some students covered their mathematics deficiencies by “acting up” in class.

[Becoming] a member of a community of practice is a process of developing a particular

identity and mode of behavior; through discourses (artifacts, experiences, and practices
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shared by a community) and forms of participation are valued and not valued by the

community. (Gutierrez, Rymes, and Larson, 1995, p. 448)

If students do not see a certain quality as a valuable aspect of their identity in a community, they
won’t pursue that quality.

Research has shown the importance of parents’ involvement and interest in their
children’s mathematics education (Auerbach, 2002; Berry, 2008; Lubienski, 2000). Martin
(2000) found that parents’ absence in their children’s mathematics education sent an
unintentional message to their children that minimized the importance of their mathematical
activities. Some reasons for parents’ absence were their oppositional relationship with teachers
and officials, their fears of mathematics, or larger socioeconomic obligations.

Individual. Martin’s (2000) individual level considers the opportunities and challenges
that seven successful students encountered “inside and outside school that affected their
conceptions of success and their motivation to succeed” (p. 28). In this level, Martin addressed
“the ways in which successful students view themselves as learners of mathematics, the beliefs
they hold about the instrumental importance of mathematics, their motivations to learn
mathematics, and the actions they take to achieve and maintain their success” (p. 120). Martin
found that an important factor in students’ success was individual agency and how it
continuously interacted with community forces and school forces. According to Bandura (1989),
self-efficacy is developed through mastery experiences, vicarious experiences, verbal persuasion,
and physiological and affective states. Martin (2000) claimed, “these terms describe general
aspects of the processes that influence students’ mathematics socialization and the construction
of their mathematics identities” (p. 121). Having students experience success in mathematics,
using demonstrations to reduce worry while solving problems, providing positive feedback, and
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using techniques to reduce any physical and emotional stress while doing mathematics may
influence students’ learning and attitude toward mathematics. “Optimistic self-appraisals raise
aspirations and motivation in ways that enable people to get the most out of their talents”
(Bandura, 1989, p. 732).

Goeller (2011) reported that 72% of students who took a mathematics class in their last
year of high school believed that they were properly placed in the first of a sequence of two
remedial mathematics classes at a community college; 69% was students that reported getting a
grade of C or better in their last mathematics class. These students were placed based on their
performance in the Computer Adaptive Placement Assessment and Support System (COMPASS)
exam for which students are allowed to use a calculator and have unlimited time. Furthermore,
69% of the traditional students reported a concern regarding the pace of the course and 48%
reported concern with amount of time it takes to complete mathematics remediation. One can
claim that since students were given unlimited time and calculator “accommodations,” which
may have been viewed as an advantage by some students, these students did not have any excuse
for underperforming on the COMPASS exam. However, this can also mean that their
mathematics identities were fragile enough that they could not question their mathematics
placement, even those students who had experienced some success in mathematics. Norman,
Medhanie, Harwell, Anderson, and Post (2011) showed that college female students “were more
likely to take mathematics courses that were less difficult than those recommended by the
placement test. This may be due to societal influences that lead to female students’ negative
attitudes toward mathematics and a lower self-confidence in subject” (p. 447). Studying the
mathematics identities of non-STEM students is a step forward in understanding what it means to
students in remedial classes to be mathematics doers and understand their relationship with
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mathematics. Martin (2000) noted that students with positive mathematics identities have a high
level of confidence in their mathematics abilities, positive valuation of mathematics as a subject
and as an instrument to achieve their goals, and positive perceptions of their teachers; students

owned their success rather than attributing it solely to their parents’ or teachers’ encouragement

and aid.

Interpretive Scheme

In order to address the second research questions (What differences are there in
mathematics socialization in remedial versus non-remedial mathematics classrooms? How does
this influence the mathematics identities of female mathematics students?), Cobb et al.’s (2009)
interpretive scheme can be integrated into Martin’s (2000) framework. This adds more detail in
the analysis of non-STEM female students’ mathematics identities in remedial and non-remedial
mathematics classrooms. The interpretive scheme proposed by Cobb et al. overlaps the school
and intrapersonal levels in Martin’s framework. The interpretive scheme attends to how the
interaction between classrooms actions and microcultures relates to the personal identities that
students develop in particular classrooms. Cobb et al. claimed that expanding Martin’s (2000)
framework makes the study of students’ mathematics identity construction potentially relevant to
mathematics educators by identifying ways to contribute in the improvement of learning and
teaching classroom processes. Part of teaching mathematics should be instilling positive
mathematics identities.

The interpretive scheme of Cobb et al. (2009) considers the construction of normative
identity and personal identity. Normative identity refers to the obligations that an effective
mathematics student must fulfill. Cobb et al. argued that normative identity is a collective or

communal notion rather than an individualistic one. This does not imply consensus or agreement,
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as students within the same classroom may identify with classroom mathematical activity,
merely cooperate with the teacher, or resist engaging in classroom activities. Cobb et al.
differentiated between the general classroom obligations and specifically mathematical
obligations that students have to fulfill in order to be effective and successful in a particular
classroom. The specifically mathematical obligations are delineated by “the norms or standards
for mathematical argumentation and normative ways of reasoning” (p. 45). These norms are
established by the classroom social structure and determine what counts as mathematical
competence.

Cobb et al. (2009) identified two forms of agency as aspects of students’ general
classroom obligations: conceptual agency and disciplinary agency. Based on Pickering (1995),
conceptual agency describes the activities in which students have the opportunity to choose
methods and develop meanings and relations between concepts and principles; disciplinary
agency describes activities in which students use established solution methods. Moreover, the
distribution of authority, the degree to which students are given the opportunity to make
mathematics contributions, is also considered part of the general classroom obligations.

[The] cooperating students are seen to contribute to the initial constitution and ongoing

regeneration of the normative identity as a doer of mathematics...In the process of doing

so, they develop personal identities that might involve affiliating with mathematical
activity as it is realized in the classroom or becoming disenchanted with or alienated from

mathematics activity even as they cooperate with the teacher. (Cobb et al., 2009, pp. 46-

47).

Personal identity refers to students’ understanding of their role in and valuation of

learning mathematics in a particular classroom and their assessment of their own and their peers’
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mathematical competence. The analysis of personal identities includes “[the] students’
understandings and valuation of both their (1) general obligations and (2) specifically
mathematical obligations, (3) assessments of their own mathematics competence, and (4)
assessments of other students’ mathematical competence” (Cobb et al., 2009, p. 57).

The integration of Cobb et al.’s interpretive scheme makes it possible to compare
students in remedial and non-remedial classes in terms of the forms of agency that students are
able to exercise, the distribution of authority in the classroom, students’ valuation of and
participation in mathematical activities inside the classroom, the assessment of their own and
other students’ mathematical competence, and the degree to which students identify with
mathematics. All four levels of Martin’s (2000) framework enrich the understanding of possible

reasons for the differences in the mathematics identities of non-STEM female students.
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Chapter 111

Methodology

Introduction

This chapter addresses the research methodology of this study. It begins by reviewing
the research questions followed by the description of the location of the study, the selection of
participants, the instruments that were used for data collection, and the procedures that were used
to analyze the collected data.

The purpose of this study is to examine the mathematics identities constructed by non-

STEM major female students in remedial and non-remedial mathematics courses.
The following questions were considered in the study:

1. What mathematics identities are held by non-STEM major female students? Are
mathematics identities different for female students in remedial versus non-remedial
classrooms?

2. What differences are there in mathematics socialization in remedial versus non-
remedial mathematics classrooms? How does this influence the mathematics
identities of female mathematics students?

3. What differences are there in socialization, engagement, behaviors, and practices
between successful and non-successful non-STEM major female students in remedial
and non-remedial mathematics courses?

This study is parallel to what Merriam (2009) described as the nature of qualitative

research: understanding how non-STEM major female students interpret their mathematics

experiences inside and outside the classroom and how those experiences have defined who they
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are as mathematics doers. The qualitative data that were collected for this study enriched the
description of these particular students’ experiences and give students the opportunity for their
voices to be heard. “A mathematics identity is expressed in narrative form as a negotiated self, is
always under construction, and results from the negotiation of our won assertions, and the
external ascription by others” (Martin, 2009). Part of the goal of this study is to understand the
micro-cultures that occur inside the classroom. This analysis will be guided by Cobb et al.’s

(2009) interpretive scheme to address research questions 2 and 3.

Research Site

This study took place in one urban business college in a metropolitan area of the
Northeastern United States. This business college is a private coeducational four-year institution
accredited by the Middle States Commission on Higher Education and the Accreditation Council
for Business Schools and Programs. The college offers undergraduate and graduate programs
that range from Bachelor of Business Administration (BBA) to Master of Business
Administration (MBA). There are a total of 1513 undergraduate students, and of this number,

94% are female.

Sample

The participants of this study include students who enrolled in one remedial mathematics
class and one non-remedial mathematics class during the fall 2014 semester. The fall semester is
14 weeks long. To increase the pool of possible participants, the selected class sections were
offered during the most popular time period. Historically at this college, classes offered during
the third period, 11:30 AM — 12:55 PM, are the first ones to reach full capacity; the maximum

enrollment is 22 students per class section.
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The remedial class is a “typical” non-credit bearing introductory algebra class. The
remedial mathematics class is the second course in the sequence of courses in the remediation
program at this college. Students are either promoted to this course after successfully completing
the first course in the remediation program or are placed in this course based on their SAT
mathematics scores. The non-remedial mathematics class covers algebraic concepts such as
exponents, solving and graphing linear functions, solving and graphing systems of linear
equations, factoring polynomials, solving and graphing quadratic functions. Students use
MyMathLab, an online interactive educational system designed by Pearson Education, to
complete homework and quizzes. There are four in-class exams. Students need a 70% weighted
average to successfully complete this class. This study took place during the fall 2014 semester
in which eight sections of the remedial class were offered at this college.

The second class is a 3-credit non-remedial mathematics class. It covers fundamental
algebraic concepts needed for modeling with linear, quadratic, power, and exponential functions.
In addition, students learn about matrices, matrix operations, and linear equations in three
variables. There is a heavy emphasis on business applications such as profit, revenue, cost,
break-even analysis, supply and demand, and depreciation among others applications. This
course prepares students for other core courses such as finance, accounting, economics, statistics
and others. The non-remedial mathematics class illustrates the importance of mathematics in
order to be successful in the business world. Students are placed in this non-remedial
mathematics class based on their SAT math scores or after successfully completing the non-
remedial class. There were eleven sections of the non-remedial mathematics class offered the

semester this study took place.
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The author was not the instructor for these two sections. Convenience sampling was used
to select the instructor as described in the first chapter. One instructor taught both sections. The
instructor has more than 10 years of college teaching experience, holds a Master’s degree in
Mathematics, and she is currently enrolled in a doctoral program. The instructor is also part of
the full-time faculty and has more than 9 years of teaching the remedial and the non-remedial
mathematics classes at this college. This instructor has more than 10 years teaching remedial and
non-remedial mathematics courses at a community college.

As part of a departmental initiative to lessen students’ stress of beginning a new
mathematics class, all students taking mathematics classes are asked to write a short mathematics
autobiography as their first homework assignment. Students are provided with a writing prompt
to direct their writing and to focus on past experiences with mathematics (see Appendix C).
Instructors present this assignment as an icebreaker and an opportunity to get to know their
students. It is an opportunity for students to share with their instructors their experiences with
mathematics.

At the beginning of the third meeting of both classes, the author distributed flyers
announcing the two information sessions about the research study. Students were encouraged to
stay after class to learn about the research study. Pizza and soft drinks were provided during the
15 to 20 minutes information session. The author and an observer and coder (another instructor
at this college and graduate student in the same doctoral program as the author) introduced
themselves during the information session as instructors that “want[ed] to talk with them to

better understand their views of the lessons and the instructional activities in each classroom”

(Cobb et al., 2009), p. 58).
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Students were presented with a general overview of the study during the information
sessions. Students were presented Figure 2.1 to show the two levels of participation in the study.
There were two phases in this study. Participation in the first phase of the study consisted of
participants providing a copy of their autobiographies, and first homework assignment, and then
completing a questionnaire with 17 items. During the second phase of the study, students agreed
to participate in two 30-minute interviews. The second phase also included three class
observations in which participants were not identified or interrupted. Most of the students
participated in the information session. Students were asked to provide their names and emails if
they were interested in participating.

Eight out of the 21 students enrolled in the remedial mathematics class expressed interest
after the information session. Three male students were not considered for this study. All 8
students signed the study consent form and either submitted a hard or electronic copy of their
first homework assignment, the mathematics autobiography during the second week of the
semester. It was noticed that one of the students was 17 years of age; that student received a
thank you note and was removed from the study, as it was stated in the IRB application that only
students who were 18 years old would participate in the study. Given the limited response, all 7
students that participated in the first phase of the study were invited to continue their
participation into the second phase of the study. Out of the remaining 7 students, only 6 students
completed the first phase of the study and accepted the invitation to continue during the second
and third week of the semester. None of the 6 female students from the remedial mathematics
class were pursuing STEM majors. Three of the participants from the remedial mathematics class
were Hispanic/Latina students; two were African American, and the remaining student was
white. The participants ranged in age from 18 to 21. All 6 participants completed their
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participation in the study, including a student that withdrew from the class a few weeks before
the semester ended.

After the information session, 6 out of the 14 students enrolled in the non-remedial
mathematics class expressed interest. All volunteers submitted electronic or hard copies of their
autobiographies after signing the study consent form during the second and third week of the
semester. Given the low response, all 6 students were invited to continue their participation into
the second phase of the study. Three out of 6 students self-identified as white, and the remaining
3 students self-identified as African American. The participants’ ages ranged from 18 to 23. All
participants completed their participation in the study, including a student that withdrew from the
class a few days before her second and last interview.

A total of 12 volunteers, six from the remedial mathematics class and six from non-
remedial mathematics class, participated during both phases of the study. Students who
volunteered for this study were not obligated to complete the entire study. Their participation in
the study did not affect their class grade in any way. They were made aware that they could stop
participating at any point during the study.

Based on the questionnaires, a set of students from both classes who reported that they
have earned mostly B’s and A’s in mathematics class (question 7), rated their level of success as
4 or better (question 15), and reported a level of at least a 4 in their capability of solving
mathematics problems (question 16) are referred to as successful students. Moreover, another set
of students from both classes who reported that they have earned mostly C’s, D’s, or F’s in
mathematics class (question 7), rated their level of success 3 or less (question 15), and reported a
level of no more than 3 in their capability to solve mathematics problems (question 16) are
referred to as non-successful students.
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Figure 3. 1: Flow chart of the study
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Six students from the remedial mathematics class and 6 students from non-remedial
mathematics class continued their participation into phase two of the study. Selected students
were communicated with via email requesting possible dates to schedule the first interview. All

participants received a thank you email to confirm their participation. As an incentive at the end
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of the semester, students that participated in the study were entered into a raffle to win one of the

two $100 gift cards with one winner from each class.

Research Instruments/ Data Collection

The data collected for this study were drawn from mathematics autobiographies, one
questionnaire, two interviews, and three class observations. The following matrix (Table 3.1)
shows how the collected data helped address each of the research questions. Table 3.1 is
followed by a description of each instrument.

Table 3. 1.

Research questions and instruments

Research Questions Autobiographies | Questionnaire | Interviews | Field Notes

1. What mathematics
identities are held by non-

STEM major female students?
Are mathematics identities ‘ ‘ .
different for female students

in remedial versus non-
remedial classrooms?

2. What differences are there
in mathematics socialization
in remedial versus non-
remedial mathematics

classrooms? How does this ‘
influence the mathematics

identities of female
mathematics students?

3. What differences are there
in socialization, engagement,

behaviors, and practices

between successful and non- ‘ ‘ ’ ‘
successful non-STEM major

female students in remedial

and non-remedial
mathematics courses?
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Reflective writing assignment: Mathematics autobiographies. At this college, all
students taking mathematics classes are asked to write short mathematics autobiographies as
their first homework assignment. Students were provided a writing prompt to direct their writing
and to focus on their past experiences with mathematics (see Appendix C). The prompt follows
Martin’s (2000) framework. Based on the IRB approval, the author had access only to the
autobiographies of those participating in the study. Thirteen mathematics autobiographies were
collected in total from both classes. Most participants’ submitted 1.5 to 2.5-page autobiographies
with the exception of one remedial mathematics class participant. This participant submitted just
a paragraph with five short sentences, so it was significantly shorter than other’s
autobiographies. This participant did not complete the questionnaire. As she failed to complete
the first phase of the study, her autobiography was removed from the study. Only twelve
autobiographies were considered in the study.

Questionnaire. During the second week of the semester, a questionnaire was
administered to all twelve participating students (see Appendix B). The questionnaire is
composed of original items and adapted items from Larnell (2011), Cribbs (2012), and
Brockman (2006). Participants were asked to stop by the author’s office, located inside the Math
Center, to fill out a 17-item questionnaire. The Math Center is a large open area with multiple
tables that provided participants with enough privacy to fill out the questionnaire. The
questionnaire helped define successful and non-successful students based on their answers to
questions 7, 15, and 16 as previously described. The questionnaire made it possible to address

first and third research questions.
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Interviews. All six students from each participating class were interviewed twice
following a semi-structured process. The first interview was scheduled during the third and
fourth week of the semester. The first interview was guided by first interview protocol (see
Appendix D). The interview protocol is composed of original and adapted items from Martin
(2000) and Larnell (2011). Some interview questions were added or revised after a pilot study
(see Appendix A). During the first interview, students were asked questions such as: Tell me
about your earliest memory about mathematics. Who was involved? Where did it take place?
What is a positive or negative experience?

The second interview was guided by the second interview protocol (see Appendix E).
The second interview was scheduled during the eighth and night week of the semester; this was
after students have received their midterm grades. The second interview protocol is based on the
work of Cobb et al. (2009) and composed of original and adapted items from interview protocol
that appeared in Larnell (2011). During the second interview, among other questions,
participants were asked about their favorite mathematics class in high school and to compare it to
their current class. The information obtained from the interview enriched the understanding of
the identities held by non-STEM major female students; therefore, providing valuable inside to
address all three research questions.

Field notes. Creswell (2013) argued that “[t]ypically, case study researchers study
current, real-life cases that are in progress so that they can gather accurate information not lost
by time” (p. 98). The author, the first observer, and a second observer conducted class
observations as recommended by the American Mathematical Society’s Mathematics Education
Research: A Guide for the Research Mathematician (McNight, Magid, Murphy, & McNight,
2000). The author and a second observer visited each selected class during the fifth, seventh and
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tenth week. Both observers followed the same class observation protocol (see Appendix F) and
compared their observations to increase the validity of the study. The class observation protocol
is adapted from a class observation protocol developed through a collaboration by U.S.
Department of Energy precollege education program managers and the National Center for
Improving Science Education.
Analysis

This current study intends to provide an in-depth understanding of the identities of non-
STEM female students and how they differ between remedial and non-remedial students as well
as students from different backgrounds by using elements of a case study and ethnographic
approaches guided by Martin’s (2000) framework and Cobb et al.’s (2009) interpretative scheme.
Table 3.2 summarizes the analysis followed by an extended discussion of each instrument.

Table 3.2

Analysis of data

Data Data Analysis

Mathematics Autobiographies e Coded

e Identified emerging themes

Questionnaire e Constructed frequency distributions
Interviews (2) e Transcribed
e Coded

e Identified emerging themes

Field Notes e Analyzed in a chronological order
¢ Identified emerging themes

e Identified discernible patterns
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Reflective writing assignment: Mathematics autobiographies. Students’
autobiographies were coded following Martin’s (2000) framework with the addition of three
themes identified during the pilot: effort versus ability and ownership of mathematics
achievement. Creswell (2013) argued that part of the analysis of an ethnography study involves
identifying emerging themes or topics that help in the understanding of how the cultural group
works or lives. Students’ autobiographies helped identify experiences and situations in the
learning of mathematics that are shared.

Questionnaire. The questionnaire was analyzed using frequency distribution. It assisted
in describing the entire pool and the subsample of participants in terms of gender, ethnicity,
number of mathematics courses taken in high school, as well as other demography and
mathematics background descriptors. The questionnaire made possible to address research
questions 1 and 3.

Interviews.

The researcher relies on the participants’ views as an insider emic perspective and reports

them in verbatim quotes, and then synthesizes the data filtering it through the researchers’

etic scientific perspective to develop an overall cultural interpretation. This cultural
interpretation is a description of the group and themes related to the theoretical concepts

being explored in the study. (Creswell, 2013, p. 92)

The individual interviews were valuable in addressing all three-research questions. There
were two semi-structured interviews guided by their corresponding protocol and they lasted
approximately 20 to 30 minutes. The first interview followed interview protocol 1 and it was

coded using Martin’s (2000) framework with the addition of three themes identified during the
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pilot. The second interview protocol is based on Cobb et al. (2009) interpretive scheme. The
second interview helped

...Investigate the nature of mathematics activity as it is realized in the classroom; to what

students come to think it means to know and do mathematics in the classroom; and to

whether and why they come to identify with, merely comply with, or resist engaging in

classroom mathematical activity. (Cobb et al., 2009, p. 41)

Using elements of a case study gave the opportunity to analyze students’ “beliefs about
constraints and opportunities in mathematical contexts, the way in which they define the value of
mathematics knowledge, their motivations to learn or do mathematics, and the significant aspects
of their experiences that cause them to value mathematics in the way that they do” (Martin, 2000,
p. 12).

Field notes. Cobb et al. (2009) proposed an approach for analyzing the development of
mathematics identities as students participate in mathematical activities in particular classrooms.
Having multiple class observations, the researcher was able to observe the development of the
“discernible working patterns” (Creswell, 2013, p. 92). The class observation protocol guided all
observations and the analysis was done in a chronological order to find discernible patterns.

[T]he researcher looks for patterns (also described as rituals, customary social behaviors,

or regularities) of the groups’ mental activities, such as their ideas and beliefs expressed

through language, or material activities, such as how they behave within the group as

expressed through their actions observed by the researcher. (Creswell, 2013, p. 92)
Validity and Reliability

In an effort to increase the validity of the study, all research questions were answered

using data collected via triangulation of multiple and different sources, and data collected by a
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second observer (Creswell, 2013). Moreover, there were two debriefing meetings with the
second observer to review and compare the information captured during all three observations.
There were minimal disagreements. The information in which both observers did not reach in
agreement was omitted and it did not hurt the integration of the study given the thick descriptions
of both classes. The second observer was a doctoral student in the same doctoral program as the
author. Moreover, the author met with the instructor who taught both classes on multiple
occasions to ensure that the description of the classroom environment, interaction with the
students, and teaching methods were an authentic representation. “In member checking, the
researcher solicits participants’ views of the credibility of the findings and interpretations”

(Creswell, 2013, p. 252).

The reliability of the study was addressed by having a second coder, who was also the
second observer. The analysis of the mathematics autobiographies and the transcriptions of the
24 interviews were coded open coding to identify emerging themes. This allowed both coders to
stay close to the data and not miss any of the meaning of the collected information. Once the
emerging themes where identified they were classified based on Martin’s (2000) as the
framework and two emerging themes that were identified during the pilot study. Moreover, some
of the questions participants were given as part of the autobiographical writing prompt were
restated and addressed during the semi-structured interviews all conducted by the author to

increase the consistency of the data collected.
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Chapter 1V

Findings
Introduction

In this chapter, I answer all three research questions by using the data collected from six
students enrolled in a remedial mathematics® and six students enrolled in a non-remedial
mathematics class?. All 12 participants are female students not majoring in Science, Technology,
Engineering, or Mathematics in a business college in a metropolitan area of the Northeastern
United States. The data collected includes mathematics autobiographies that participants wrote at
the beginning of the semester, a questionnaire completed during the second week of classes, two
semi-structured interviews (the first interview took place early in the semester and the second
toward the end of the semester), and three class observations that were spread out across the fall
semester, which is 14 weeks long.

In the next section of this chapter, | address the first research question by presenting
findings thematically. Martin’s (2000) definition of mathematics identity served as the
framework to identify emerging themes from participants’ autobiographies and transcripts from
both interviews. This is followed by a section addressing the second research question, for which
| utilized the data collected from the interviews and class observations. The interpretative scheme
proposed by Cobb et al. (2009) was integrated into Martin’s (2000) framework to address the

second research question to enrich the analysis.

1 Participants from the remedial mathematics course were assighed pseudonyms that start with R (for example,
Rosa and Regina).

2 Participants from the non-remedial mathematics course were assigned pseudonyms that start with C (for
example, Carmen and Clarissa).
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Moreover, | focus on four (two successful, two non-successful) students to address the
third research question by narrating their experiences in mathematics, exploring the factors that
shaped those experiences, and describing their behavior, practices, and engagement during class
based on triangulation of data collected from their interviews and class observations. “Purposeful
maximal sampling” made it possible to select cases that portray different perspectives about the
mathematics learning experiences of non-STEM major female students in remedial and non-
remedial mathematics courses (Creswell, 2013, p. 100). These four students exemplify some of

the variation of non-STEM major female students’ mathematics experiences.

Research Question 1: What mathematics identities are held by non-STEM major female
students? Are mathematics identities different for female students in remedial versus non-
remedial classrooms?

Martin (2000) defines mathematics identity as people’s beliefs about (a) their ability to
perform in mathematical contexts, (b) the instrumental importance of mathematical knowledge,
(c) constraints and opportunities in mathematical contexts, and (d) the resulting motivations and
strategies used to obtain mathematics knowledge. The mathematics identities of this group of
non-STEM major female students have been defined by their experiences inside and outside the
mathematics classroom, explicit and implicit messages from their community, and inherited
histories given their identities as women in the community of doers of mathematics. From the
participants’ autobiographies and interviews, seven major themes emerged: (a) natural ability
versus effort, (b) early education experiences, (c) speed and games, (d) the role of teachers in the
development of mathematics identities, (e) personal and emotional ties, (f) identification as an
English or mathematics “person,” (g) goals and real life applications. Differences among

participants’ mathematics identities were identified within and across the two classes; however,
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differences were more evident when contrasting the mathematics identities of successful and
non-successful non-STEM female students. Participants shared similar experiences in their
learning of mathematics; however, they realized those experiences in different ways.

Natural ability versus effort. The non-STEM major female students in remedial and
non-remedial classes suggested that their beliefs about mathematical ability have been influenced
at various levels by the idea that some people have a natural ability to do mathematics. Most of
the students, regardless of how well they were doing in the remedial mathematics course
acknowledged the existence of people that have the ability to do mathematics and believe that
they lack that natural ability. Several students stated:

Some people are really just talented at math. But like, if you’re not, study it. Get to know

it. (Rachelle, a successful student)

Someone [successful in mathematics] doesn’t need a calculator all the time. [They] do

mental math. I can’t really do it. I’ll get a calculator. (Rita, a non-successful student)

[Some of my friends] took like AP math classes. I’'m just like, “You’re crazy. How do

you do that?” And then, I don’t know, that makes me feel some type of way because

they’re up here in math. I’m like right here in math, so it’s like a little awkward (Rosa, a

non-successful student)

Regina, a successful student, was the only student to claim to have a natural ability to do
mathematics. Regina said, “The reason why I am so fond of math is because it comes naturally to
me.” Interestingly enough, during the interviews, Regina was the only student from the remedial
mathematics class to express a strong disagreement with her placement in this remedial class.
During the interview, Regina said, “I felt kind of disappointed, because I did all that hard work to

make sure I did not end up in remedial, and I still did. But I’'m trying to look on the bright side.”
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This feeling was echoed by Rachelle who said, “Well, my [remedial mathematics class] is super
easy. It’s kind of like what I did in tenth grade, I guess. But it is good to review.”

Norman et al. (2011) argued that “[M]isplacement of a student into an initial mathematics
course can have negative effects on attitude, self-image, and college mathematics performance”
(p. 435). All students in this course were placed based on their SAT scores. Regina took the SAT
exam twice; neither score was sufficient to qualify her as college ready in mathematics based on
this college’s mathematics policy. Regina expressed her frustration stating how difficult it was
for her to remain an active participant in the remedial mathematics class. When asked about her
challenges in this class, she responded, “I think staying intrigued, because sometimes I drift
away because I did learn these concepts. I’m relearning everything, so there are certain things
that [my instructor] would say that | already know, so | would just be there and sometimes |
would just space out.”

In contrast, most successful students taking the non-remedial mathematics class self-
identified as having a natural ability to do mathematics, and non-successful students expressed
awareness of some people having a natural ability; however, their responses about their lack of
this ability was loaded with an understanding of the effort that is required from them to
successfully complete the class. For example, a couple of students said:

| came to realize that math was my favorite subject and that it came very easily to me.

[My father] is an engineer, so it seems to come very naturally for him. (Camilla, a

successful student)

[Mathematics] is a struggle subject for a lot of people. I got shocked looking at them. |

said, “Oh, my gosh, it’s so easy for me.” (Christian, a successful student)
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[For] some people it is just does come more naturally than others, and so | do think to

some extent, skill, natural skill, is a big piece of it, but I think for those where it’s not the

case, like me, | think dedication has a lot to do with it. (Chloe, a non-successful student)
For these non-STEM female students, their beliefs about their mathematical ability are defined
by their natural ability or lack of it. This was reinforced during interaction with others, as in
Rosa’s case, or perhaps imposed by schools, which track students and identify them as having
different levels of ability with regard to mathematics. This defined what Gee (2001) referred to
as l-identities (institutional perspective) which claimed, “[ We] are what we are primarily because
of the position we occupy in society” (p. 101).

Early education experiences. These groups of non-STEM female students’ mathematics
identities have been partially defined by the early labels they received. Most successful non-
remedial mathematics and remedial mathematics students were identified early as successful
students. Their conversations were limited to belonging to “accelerated mathematics classes” and
“honors classes.” It was not about how much they learned in those courses, but what being part
of that “elite” or recognized group did to their confidence in doing mathematics. For example,
several students mentioned:

In my early recollection of mathematics, | have taken honors math courses and an

advanced placement course. All of my math teachers were very supportive and knew

about my untapped potential in the mathematics field. (Regina, a successful student)

Starting in second grade, | was placed in the accelerated learning group. (Clarissa, a

successful student)

The opposite occurred for non-successful students from both mathematics classes. They

had either no recognition of their mathematics performance or were placed in some type of
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special program. At an early age, Chloe experienced the pressure to improve her performance on
her ERB test, a standardized test:

[Mathematics in secondary school] was very much like a sink or swim thing. It was very

advanced, and that just goes with the type of school it was...My school decided the best

thing to do was isolate me from the rest of the class for math class, and | would have my
lesson in a separate room...The fact that [ was taken away from my classmates for the
subject made me extremely insecure when it came to math. [ was worried that if I didn’t
have higher scores, | would continue to be removed from the classroom, so | ended up
panicking more during tests...I left my school to attend one that was more focused on
social sciences. (Chloe, a non-successful student)
Students described as non-successful students have a history of lack of recognition of having the
ability to do mathematics. In some cases, they have internalized these beliefs to a point that they
have limited views of themselves as doers of mathematics. Such is the case of Chloe and
Carmen. Carmen observes, “I know my potential in math, and I’'m okay with just getting Cs. I’'m
not horrible. [Mathematics] is just hard for me to understand sometimes.”

Speed and games. When questioned about their most memorable mathematics class or
mathematics teacher, most participants recalled classes in which fun activities and games were
frequently done during class. Participants’ faces lit up as they reminisced about those
experiences; in most cases, they elaborated the most on this question. Regardless of whether they
currently reported having as strong a dislike of mathematics as Carmen, they wanted to make
sure to express that at one point, their relationships with mathematics were positive:

[My third grade teacher] was very enthusiastic, very fun, to make learning math easier.

She was very like goofy, creative, crazy...I just remember her class where we had like
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different toys and gadgets...We did like a lot of games and worksheets and projects.

(Carmen, a non-successful student)

The games and fun activities in the mathematics classroom deeply marked the
participants’ beliefs about their mathematical ability. Participants reminisced about the joy and
motivation to do their best in mathematics class to win a prize or earn their peers’ and teachers’
recognition. However, some of those activities were loaded with unintended messages about
mathematics that perhaps influenced the participants’ beliefs about being successful in
mathematics, set learning mathematics expectations that in many cases clouded their view of
themselves as mathematics doers, and might have served as obstacles to pursue higher levels of
mathematics in high school. For example, Ramona, a successful student, wrote in her
autobiography:

My math teacher would always have us do our math minute as soon as we entered the

classroom, and the person who completed the entire math minute or whoever completed

the most problems would win a prize or extra credit. In the beginning, | was not the
person who completed the math minute or the most problems, but [I] strived to and
eventually started being the first student to complete the math minutes and get the extra
credit.

When asked about her most memorable mathematics teacher, she recalled the same fifth
grade teacher and the very same experience she wrote about in her autobiography. This
experience obviously has special meaning to her and is part of her mathematics identity. Such is
the case for Regina, a successful student, who recalled her tenth grade teacher’s math Jeopardy

game.
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[Mr. Johnson] came in with this game called math Jeopardy...We’d do like a little fun
math Jeopardy class toward testing and towards the finals, and | guess that influenced
everybody, because everybody wants to win something, so it was like they would have to
do math in order to win. It’s like you’re learning, you’re enhancing your brain, and also
it’s a fun activity.
Regina reported earning A’s and B’s in all of her mathematics classes, which made her feel very
capable of solving mathematics problems and believe herself to be very successful in
mathematics. She earned recognition from her mathematics teachers and her peers, who she
helped with their mathematics work. She reported this experience as an opportunity to learn
mathematics and increase her confidence in her mathematics ability. Regina claimed,
| would always get good grades. | would help my friends, or my friends would come to
me and ask me, so it’s like all the teachers knew. So, it was like they would put me on a
higher pedestal.
However, all of this changed in high school when she was placed in AP Calculus; she reported
having a very hard time keeping up with the class. She found herself taking more time to
complete the work. She no longer was able to complete her work quickly or even in one sitting.
She suggested that this was because she was not prepared for the course. Regina, as well as other
participants, related her ability to do mathematics in terms of the speed at which she completed
the mathematics task. As Schoenfeld (1985) argued, one “typical” student belief about
mathematics is that “mathematics problems are always solved in less than 10 minutes, if they are
solved at all” (p. 372). Regina held this belief, as indicated in her response to the question about
experiencing difficulty completing mathematics problems and how she handled it. Regina
responded:
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Yes, with the AP Calculus. It was difficult because it would be like three word problems,
but the questions were so difficult that one word problem would take me like an hour or
an hour and a half to solve...I did get help, but it was also on my part. When I get
frustrated, | just leave it alone. I would like to take a break and just walk away from it,

and sometimes | would forget to just come back to it.

The role of teachers in the development of mathematics identities. Literature has
stressed the importance of teachers in students’ learning. Teachers’ beliefs in and expectations
for students’ mathematics ability, curriculum practices, and classroom norm settings are only a
few of the many topics covered by researchers (Martin, 2000; Boaler & Greeno, 2000; Fennema,
Peterson, & Carpenter; 1990). All participants believed that their teachers were essential in their
learning of mathematics, especially in their early years.

My [elementary school mathematics] teacher remains one of the biggest influences on my

career still to this day. (Clarissa, a successful student)

[My high school mathematics classes] went well. As long as | had a good professor,

teacher, I did well. (Camilla, a successful student)

Carmen, like Camilla, claimed that her success depended on the teacher; however, Carmen’s
reasons were different:

It all depends on the teacher, because if they’re boring, I’m really not going to pay

attention. (Carmen, a non-successful student)

Just as students shared their experiences with excellent teachers, non-successful students
reported the opposite experience. In their experiences, the teacher’s gender made a difference.

Two non-successful students reported having negative experience with male teachers:
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| do better with female teachers, well, math teachers. | don’t know, I feel like I can

connect with them better. Male teachers are like strict and like straight forward. Better

with a female math teacher.... My [male math teachers] were very off to me,
unnecessarily mean. (Carmen, a non-successful student)

[W]hen it came to women teachers | have, they were math, | learned more with them than

the men... [Female teachers] were probably more patient than the men were. I feel like

[male teachers] were getting more frustrated when we asked them questions over and

over again compared to the women. (Rita, a non-successful student)

Both of these students come from urban communities in which they felt it was
challenging to learn given the behavior of other students. Perhaps it was difficult for the teachers,
who were more preoccupied with maintaining control of the class by displaying a rigid attitude
to their students than in cultivating positive mathematics identities.

More of the kids were bad, so it was hard to learn everything. There were always

distractions. | was one of the quiet ones trying to learn, and everybody else is sitting there

loud, so it was pretty hard. (Rita, a non-successful student)

It wasn’t the best school, but we were up there [in term of scores] for our district.

(Carmen, a non-successful student)

Personal and emotional ties to mathematics. This study included both successful and
non-successful mathematics students, thus making it possible to see more fully how parental
involvement may have affected the students’ mathematics identities. Some successful
participants reported their parents’ involvement as models of success while some non-successful

participants perceived their parents’ absenteeism as a sign that they did not care about their
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education, thus placing a ceiling on their motivation and self-expectation as doers of
mathematics.

The parents of these non-STEM female students played an important role in their
mathematics identities. Parents were seen as a source of motivation and opportunity, mostly for
those students with parents who were able to assist them in their mathematics learning.

My dad has had a monumental part in my success with mathematics, in that he is an

engineer and has always acted as my personal tutor whenever I needed him...My dad

sees a huge importance on [mathematics]. If I’'m not doing good, he’s like why don’t you
come talk to me. We could have figured this out... [My dad] is always trying to teach me
calculus, things I don’t need to know. (Clarissa, a successful student)

However, certain constraints may have been put on students with absentee parents.
Surprisingly, parents’ education level or socioeconomic status was not always the reason for the
lack of involvement in the students’ mathematics learning. Chloe’s parents have advanced
degrees, her father’s in psychology and her mother’s in early childhood education. They were
able to provide a comfortable, active lifestyle that included the opportunity to attend private
schools, study abroad, and participate in multiple hobbies such as dance, gymnastics, horseback
riding, and volleyball. When asked about her parents’ involvement in her mathematics learning,

Chloe responded:

[Mathematics] was always kind of allocated on the other people or designated onto other

people. (Chloe, non-successful student)

The lack of parental presence or involvement in Chloe’s mathematics education may have

influenced her motivation and beliefs about her ability to do mathematics.
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[My] parents know that [mathematics] isn’t my strong suit... I think my parents were
very good at understanding that, and they didn’t put the extra pressure on me to do
well...I already know what to expect for math, and it’s always been that way since I
stepped foot in middle school. (Chloe, a non-successful student)

The experiences of these non-STEM female students exemplified how parents’ influence
on their children mathematics success has deep roots. Parents who took roles in their children’s
mathematics learning seemed to be more than just motivation for the children to do well. These
non-STEM female students talked about an emotional connection that was meaningful and
powerful:

My dad was there to help me with anything | needed, and [mathematics] became a huge

bonding experience for us...Mathematics will always make me think of him, and that is

very special thing to me. (Clarissa, a successful student)

[My father] works for a distribution company for beer and he’s always doing math so

he’s always calculating the orders that go in. When we go shopping, he does the

percentage in his head... Out of all the subjects, I feel like everyone in my household,
they were all good in math. That’s just like the strongest thing that we all have in
common... (Regina, a successful student)

Mathematics became more than a school subject for Regina and Clarissa. Mathematics
became a meaningful activity over which parents and children could bond. Mathematics became
part of the students’ self-definition that went beyond parents serving as personal tutors or helping
with homework. It was about making mathematics an activity that served as a way to connect
with family, as in Regina’s case. Students who did not have this personal connection to

mathematics at home tended to demonstrate weaker performance in the classroom. Carmen’s
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representation of her family’s role in her mathematics education was completely different from
Regina’s:

When it comes to my family, math is not a strong point for most of my family...they

understand my [mathematics] potential. (Carmen, a non-successful student)

During the first interview, Rosa recalled how her grandfather taught her to count and to
read the clock. Her grandfather was very involved in her education. Those were the years that
she recalled enjoying learning mathematics. However, that changed after her family moved to
the United States. Her grandfather’s involvement could not continue due to the language barrier
and the differences in education systems. Regarding her parents’ involvement in her mathematics
education, she said:

My [parents] tried to help me with math, but sometimes | feel like they made it worse,

because they think they might know something but they actually don’t...My dad just

works, so [my mom] would be usually home to help me. (Rosa, a non-successful
student)

English or math person? “As children move through elementary school, certain
subjects, such as English, come to be regarded as “girl’s subjects,” while other subjects, such as
math and science, are perceived as “boy’s subjects” (Stacy, Bereaud, & Daniels, 1974, p. 145).
These non-STEM major female students showed awareness of this belief and defined their
mathematics identities in opposition to it. Their experiences in school and interactions with peers
reinforced this belief, and the actions of some parents resulted in an unintended message of

acceptance of being one “kind of person” (Gee, 2001; p. 99).
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Chloe felt that she was more of an English person than a math person. When she was
growing up, reading became an activity that extended beyond a school context because it created
a community of competitiveness in which she was able to participate.

[Reading] really became a competition in my school, like who read the most advanced

books, who read the most of them, like you’d come back with your summer reading list,

it was a big deal...
She remembered her parents telling her “people don’t look intellectual if they don’t have books
in their bookcase.” Reading was reinforced at home, and it was an important to her family.

My family members, yeah, there was more emphasis on reading. I’m sure [my mom] will

be dropping off books for me at my new apartment...

This passion for reading and writing has defined Chloe as an English person in opposition to her
mathematics identity:

And I think I’ve always said that’s where English has supported me where math has

failed me—there’s a very easy way those type of subjects to argue from a literary

standpoint in essays, in reviews.

For other students, personal experiences made them witness this belief in others, but they
neither internalized this belief nor allowed it to define who they were as doers of mathematics.
Participants viewed this belief as follows:

Most of my female friends dislike math so...They’re more in the English side. I’'m like

the one math person in the whole group. (Regina, a successful student)

| feel like women tend to be stronger maybe in like writing and men tend to be stronger in

math and science, my personal experience. (Camilla, a successful student)
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[My mom] was big on like reading books and trying to get the education early on... [My
mom] is on like the English side of things. | talk to her more about English. She helps me
with all my papers and everything. I really don’t understand why that is, but it seems like
men are more confident in math. I don’t know if that’s how socially they’re supposed to
have those careers in the past but it seems like girls, it confuses them. They’re good at the
creative types of things but then math is you either know it or you don’t. (Clarissa, a
successful student)
All successful students in the non-remedial mathematics addressed this belief but did not believe
it to be applicable to them. All successful students in remedial mathematics identified themselves
with mathematics. All the non-successful non-remedial students such as Chloe identified
themselves as English people. However, none of the students from the remedial mathematics
class identified themselves as “English people”.
Goals and real life applications. A critical element that has defined this group of non-
STEM major students’ mathematics identities is their vision of the future. The way they
visualized (“imagined”) themselves as doers of mathematics and their future goals, chosen
careers, influenced how they adjusted (“aligned”) their present views, beliefs, and actions about
mathematics (Anderson, 2007, pp. 9 — 10). All participants believed that mathematics was
essential for their future careers:
[Mathematics] is not crazy important, but you still have to have skills. Like math is
important no matter what anyone says. It’s a basic skill that you need, especially in life,
where you have bills, and if you’re working in the finance part of fashion, you got to

know your math. (Rachelle, a successful student)
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| feel like you need math for basically everything and anything really that you want to
study or go into... (Rosa, a non-successful student)
| am very aware that a well-rounded understanding of mathematics is critical for a
marketing student. (Chloe, a non-successful student)
Clarissa and Regina, on the other hand, saw mathematics as a valuable activity that enabled them
to understand the world and contribute to their communities.
I think just having like a general concept of [mathematics], like being able to go through
any field throughout life...you’re able to teach others and be helpful towards that and just
really have a general understanding of everything. (Clarissa, a successful student)
The reason why it is important for me to do well in math is because it is one of the
subjects where we will use most of what we learned in real life. Mathematics has been
extremely important in both my academic and personal life because of how broad it is.
(Regina, a successful student)
However, this view seemed to be limited to the mathematics that they understood and
found applicable to their “real” lives:
I’ve taken two buying classes, and all you do is use algebra, and that’s in your job in the
real world and also my current job. You’re always constantly doing math, so it’s
extremely important... My least favorite math subject was trigonometry, because | found
it to be difficult and useless in real life. (Camilla, a successful student)
Half of the things I learn in math, | don’t even use in real life, such as geometry and
graphing points. (Carmen, a non-successful student)
My financial algebra class senior year was the first time the math class had really tried to
put it into perspective, like they do here...It really clicked for me. I think it’s easier when
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you’re actually thinking about real life situations instead of just formulas on paper.

(Clarissa, a successful student)

Research Question 2: What differences are there in mathematics socialization in remedial
versus non-remedial mathematics classrooms? How does this influence the mathematics
identities of female mathematics students?

The second research question is centered on two classrooms, a remedial and a non-
remedial mathematics classes. The same instructor taught these two classes. The findings begin
with a description of the components of a “typical” lesson from each class, a description of the
interaction among students, and a description of the interaction between the instructor and
students. These findings are based on the data collected through observations conducted by the
author (the first observer) and a second observer (another instructor) who recently graduated
from a doctoral program in mathematics education and had more than five years of teaching
experience. These findings were triangulated with data collected from students’ interviews that
included participants’ perceptions of their current mathematics classes and the influence these
classes had on their mathematics identities.

The remedial mathematics class. Each observed lesson consisted of three phases. In the
first phase, the instructor greeted students and made announcements regarding homework
deadlines and exam dates for five to seven minutes. Students in the remedial mathematics class
completed their homework online using MyMathLab, an online interactive and educational
system. The homework assignments consisted of 10 to 15 multiple choice questions for each
section covered in class. Students never had questions about the homework during class.

In the second phase of the lesson, the instructor lectured. She began by verbally

announcing the class objectives and identifying the chapter and section in the textbook to be
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covered in that class. During the lectures, there was a heavy emphasis on following steps to solve
problems; she wrote the steps on the board and rephrased them one by one to make sure that
everyone was following. There was a case in which the steps seemed to be too long and the
instructor acknowledged that by saying, “It seems like a lot of steps, but once we get to
examples, [the process] is shorter than what I’m writing here.” The instructor also emphasized
key words and definitions. "Once you see the question says find the equation of the line, what
you should immediately think about is the equation in the slope-intercept form, y = mx + b” and
“a solution is an ordered pair, which we know is a point.” The instructor always asked questions
at each step of the process during the lecture and stressed keywords, showing students the norms
of reasoning while solving problems covered in class.

During the second part of the lesson, the instructor continued to lecture. Students’ general
obligation during this portion of lesson was restricted to listening, taking notes, and asking the
instructor for clarification. The instructor encouraged students to participate and tried to make
connections to the knowledge learned in previous lessons. For example, during the lesson on
linear equations, the instructor asked students about what they knew about the slope of a
perpendicular line, a fact they had covered previously. One student answered that the slope of the
line needed to be the reciprocal. The instructor responded, “Just the reciprocal?” Another student
said, “The negative reciprocal.” The frequency of student participation was inconsistent in all
three components of the lesson; it was also noticeable that student participation decreased in the
latter observations. One of the students’ general obligations was to answer the instructor’s
questions to demonstrate their understanding.

The instructor acknowledged the lack of confidence that some students may have during
class and addressed it on a few occasions, such as when one student softly answered a question.
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The instructor managed to hear her and asked her to speak louder. The student answered
correctly. The instructor encouraged the student to be confident and speak louder.

Moreover, during the lecture, the instructor acknowledged that some of the students
might have learned the material in the past. For example, during the second observation, the
instructor said, "If you have done pre-calculus or algebra in high school, you may have seen the
point slope formula; that’s one way; but we’ll stick to one formula...” The instructor was using
her authority to limit the ways students approached solving the problems and for those who had
learned this material differently, to put that knowledge aside and concentrate on mastering this
one method she was teaching them. The norms for mathematical argument in this class were
limited to the approach presented by the instructor.

The transitional time, while the instructor was writing on the board, seemed to be longer
during the third and second observed classes. The instructor used this time to adjust the selection
of examples based on the responses of the students and wrote the problem on the board. Most
students wrote the problems down, while other students used the time to check their cell phones.
Longer transitioning time between examples contributed to the decrease in the class’s energy.

In next phase of the lesson, the instructor gave the students an opportunity to work on
exercises that were similar to the ones demonstrated during the lecture. The instructor usually
provided two to three exercises for the students to answer during this session. “Try this. Once
you finish, I want you to raise your hand, and I’ll come check your work,” the instructor said.
Students in the remedial mathematics class were only able to exercise disciplinary agency in
which they were expected to solve problems following established procedures; this was part of
the students’ specifically mathematics obligations in this class. If there were enough time left,
the instructor would move on to another chapter section. This only happened in one out of the
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three lessons observed. The second lecture followed the same structure with a limited number of
examples and no time for exercises.

Interaction among students. The instructor encouraged students to work together during
the exercise portion of the class; however, most students did not even consider it. They looked
from the Smartboard straight to their notebooks. They did not even consider looking over their
shoulders to see who their neighbors were. There was very limited interaction between the
students. Only two pairs of students compared answers for a few seconds before going back to
work by themselves; if they were finished, they would check their cell phones to appear busy.
Even though the majority of the students were girls, the three male students participated more
than the female students did during all phases of the lesson. The male students were more vocal
than the female students. They asked more questions for clarification purposes than the female
students. The overall interaction was a global classroom interaction in which the students did not

interact among themselves but interacted only through the instructor.

Interaction between teacher and students. During the lecture part of the lesson, the same
students participated every time. Whenever one of the students gave a wrong answer, the
instructor would ask the class whether they agreed with the answer. Some students came to
understand that if she was asking that question, it was because it was the wrong answer. Having
given the wrong answer was not an impediment for those students who constantly participated
during the same class.

During the exercise phase of the class, the instructor wrote the problem on the board and
gave the students a few minutes to work on it before she started to walk around the classroom to
answer students’ questions. As soon as she got close to students, they would ask her whether

they were on the right track. As soon as the instructor finished with one student, more students
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would raise their hands. The instructor interacted one-on-one with some of the students while
walking through the classroom. After five or six minutes, the instructor would go back to the
front of the class to work out the problem or have students come to the board to write and
explain their answers. She encouraged them not only to write their answers, but also to explain
their answers to the class. Students in the remedial mathematics class were expected to listen to
other students’ explanations. However, there was never any direct interaction between students.
The instructor was the one with the authority to endorse students’ explanations or to question
their solutions by asking the rest of the class to identify the errors. The students never directed
their comments to the student at the board. Their comments were always directed to the
instructor.

The non-remedial mathematics class. Each observed non-remedial mathematics class
lesson consisted of three phases. During the first phase, the instructor made announcements and
went over homework for 10 to 18 minutes. In all observed classes, the majority of the students
were early and were usually having conversations regarding class assignments. On one occasion,
the instructor went over the homework problems five minutes before the scheduled time; most of
the students had their homework out, and they checked it as the instructor worked out the
problems by guiding students to find a solution. As the instructor completed the problem on the
board, students were erasing and writing notes. All students’ eyes were on the board and the
instructor as if they did not want to miss anything that she said or wrote. This phase was well
orchestrated; the instructor asked questions, and students answered, took notes, and made
corrections to their work. It was clear that the students’ understood their general classroom
obligations. All students from all sides of the classroom participated. The instructor solved the
homework by verbally stating the steps. Students that were participating were also restating the
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steps, and on a couple of occasions, one student stated all the steps to solve a problem just like
the instructor appeared to have done before. The instructor was encouraging students to exercise
disciplinary agency by asking students not only to follow the steps but to think about solving the
problems. The students were responsible for the material covered in prior classes, since the
instructor did not solve the homework problems but served as a note taker guiding the solution
process. In some cases after finishing problems, the instructor allocated value to the material
learned by informing the students that those types of questions would be part of their exam.
“This is the type of question you will have in an exam. | want you to have the habit of
identifying the variables involved in the problems; look at this as practice for the exam,” the
instructor said.

The second part of the lesson was a lecture in which new material was covered. The
instructor wrote definitions from the textbook on the board. She would give examples and steps
to solve the examples. Students were passive and raised their hands to answer questions.
Students were not shouting answers as in the earlier part of the lesson. Most of them were
writing and only a few were answering the questions. Most of the questions asked during the
lecture were algebraic manipulations. The instructor did most of the talking; there were times
that students were given the opportunity to contribute, but it was limited to identifying the next
step. The instructor stressed how to use the guidelines she wrote on the board to solve problems
thus encouraging students to exercise disciplinary agency.

During the last portion of the class, the students solved exercises by themselves. Most of
the time, those problems were business application problems. The instructor encouraged students
to work together; however, most of them worked by themselves. The instructor asked them to
complete exercises and gave them a couple of minutes before she went over the solution on the
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board. She constantly asked questions during this process. On only one occasion, she walked
around to assist students in this class. Not all students participated. Most of them were writing.
While going over the exercises on the board as a class, students elaborated on previous students’
responses until a final solution was obtained. Students were not going to the board, so they were
expected to explain their answers. However, students’ responses were limited to single

99 ¢¢

sentences, sometimes not even full sentences, such as “the rate is the slope,” “subtract 2 from

99 ¢ 9 ¢¢

each side,” “minus,” “zero profit,” or “so, wait; every time we see rate we know it is the slope?”

There were a few longer engagements between the instructor and students:

Instructor: So tell me what you did.

Student: | multiplied by the LCD [least common denominator] on both sides.

Instructor: That means we have to multiple every single term on both sides, so make sure you
put a parenthesis around them.

Student: Oh, that’s what screwed me over (laughs)...so for tests and quizzes, do you want
us to put the parenthesis, or is that just for us to remember?

On one occasion, the instructor said to the class, “Let’s try something interesting.” The
most challenging question was presented; it was an application problem. All of the students,
especially those that participated the most, were racing to get the answer. Once they finished, the
instructor just wrote as students told her the steps. When the result ended up as a quadratic
equation (as recognized by one of the students), the students immediately recognized that it
needed to be factored. “Yes, we can do that,” the instructor said. This was the first time that they
had solved this type of problem. One of the solutions to the quadratic equation was x=-2. One of

the students pointed out that -2 could not be a solution. The instructor said, “Good, you caught

that. Yes, x= -2 cannot be a solution.” On this occasion, the role of the instructor changed as
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students took over solving the problems. Students had the opportunity to exercise conceptual
agency in which they selected an approach, used their prior knowledge, and intertwined steps
from different concepts to find a solution. This was the result of presenting a problem that was
different, yet still within the scope of the class, and the instructor gave the space for this
opportunity to take place. Students were encouraged to build on each other’s steps to find a
solution and shared for this moment of authority to develop each other’s mathematical

knowledge.

Interaction among students. Interaction between students was minimal even though it
was encouraged by the instructor during class. In two out of the three class observations, students
were observed interacting before class. However, as soon as the instructor walked into the
classroom, the interaction stopped. Usually only two pairs of students would have short
interactions during class. Students almost never talked, worked, or interacted with each other.

On one occasion during class, three students laughed because they all made the same
mistake while going over a solution. They all acknowledged that they made the same error but
quickly moved on to their usual non-interactive state. Most of the students worked independently
and were not willing to share or compare their answers with each other. There was no social or
academic interaction during class. All the students kept their work to themselves and waited to
participate.

Interaction between teacher and students. The interactions between students and the
instructor changed from informal during going over homework to formal during the lecture part
of the lesson. While they went over the homework, more students participated by shouting their
answers without raising their hands. During the lecture, they waited for the instructor to ask

guestions. Most of the students spent more time writing than participating. The communication
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in this classroom was always directed to the instructor. As the semester progressed, there was
significantly more laughter and interaction with the instructor. The instructor was the medium for
the interaction that took place in the classroom.

On various occasions, mostly in the latter observations, the instructor talked in first
person during explanations: “What I usually do is...” and “I always say log base value equals the
exponent, to remember,” This was an effort to relate to the students. On one occasion after
making a computation error, the instructor said, “I sometimes can’t do simple arithmetic,” and
the students laughed.

Participants’ mathematics identities and their classrooms. These two mathematics
classes fostered, and in some cases reinforced, participants’ perceptions and beliefs about
mathematics and the meaning of doing mathematics. From the participants’ interviews, three
major themes about the classroom emerged: (1) lack of sense of community, (2) mathematics as

an individualistic subject, and (3) controlled participation.

Lack of sense of community. The majority of the students reported that interaction with
other students was almost non-existent. The limited interactions that took place in the classroom
were impersonal to the point that no names were exchanged or requested. All communication
was functional and had to do with comparing homework and due dates. It seemed that students
did not wish to have any strings attached to their mathematics class. As several students stated,

I don’t think that we did a formal introduction at the beginning of the year. It was kind of

just jumping right into the material. Nobody really got to know each other in there or

anything. It’s kind of like we go in, do math and leave, and don’t know where they go, |
don’t know. [laughs]...No, I don’t know hardly any names in that class. And that’s the

only class I don’t, I don’t know [laughs]. (Clarissa)
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We would go like “oh my god, I hate this class,” or “it’s so long”...So we don’t really
talk. Sometimes I would ask, “I’m oh, what chapter are we on?” But we never really got
into things.” (Rosa)
But this class is like we don’t really work together, it’s just the teacher’s teaching us,
we’re taking down notes, take tests, that’s how I feel. I feel like we’re just—it’s like I'm
taking a physical online class. If that makes any sense. (Regina)
With respect to the instructor, some participants seemed to miss their relationships with their
high school mathematics teachers.
“[The instructor] comes in, takes attendance, talks, I would raise my hand and answer the
questions, but that’s pretty much it. We don’t really talk outside of class.” (Regina)
I really don’t—I"m going to be honest. I really don’t talk to her...If I need help with
something or if I’'m struggling with something, I’1l ask her, but that’s rare, so I really
don’t interact [with my instructor]. (Roxanne)
Regina as well as other students commented during the interviews and wrote in their
autobiographies about how important their teachers were to their mathematics education. They
also identified the teachers as key people that believe in their ability to do mathematics.
Mr. Dorsley [ninth grade algebra teacher] was always helping me and always pushing me
to my full potential and always helped me even after | got out of the class, like he would
still help me out with some of my work from sophomore year. Mr. Johnson [sophomore-
junior year teacher] was always on top of me ... he also instilled confidence in me by
letting me know that | knew that | was doing and that | was going to get far in life.

(Regina)
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For other students such as Carmen, it seemed as though students in these classes like to stay
within their selective groups.
Back in [high school], we were willing to work with each other, like we would always
ask each other how to do this, what’s the answer, try to get the answer, work together, so
that was the difference, very talkative, more talkative than now. Now it’s just, I don’t
know, everybody is like to themselves, many little cliques. (Carmen)
I feel like the students, they’re very easy going. Some of them are easy to talk to, like
socialize with, but some of them, it’s definitely a little bit like cliquey, but that’s normal
everywhere. (Ramona)
Carmen and Regina’s observations are not unfounded; they are supported by other students’
comments.
| only talk to well, really, just a couple of girls, one girl named Sarah, but they’re very
friendly. Inside the classroom. (Clarissa)
Well, I feel like since the class is so quiet, I don’t want to be that one loud person in the
class, so sometimes I don’t even say anything at all. Like me and my friend, we would
look at each other, and then she would be like, ‘did you get a zero,” and I’'m like, ‘I got a
zero,” and she’s like okay...I don’t really interact with [other students], I just interact
with my friend. (Regina)
For students like Regina, this lack of community did not give her the opportunity to form a
strong positive connection with her instructor, the ability to position herself as a successful
student who helped others, or the motivation she used to receive from peers.
| would help my friends, or my friends would come to me and ask me, so it’s like all the
teachers knew. So it was like they would put me on a higher pedestal and give more
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difficult work to strengthen my mathematics skills...I was in the same class with the
same people every full year because it was the honors group—so they would cheer you
on and be like “yes, girl, do it,” or whatever, and when they need help nobody was afraid

to ask for help. So I think that’s what made [mathematics] easier. (Regina).

Mathematics as an individualistic subject. Students in both classes seemed to agree that
mathematics was a subject that required working alone. The lack of group projects in this class
was perceived as an indication that mathematics was a subject to be learned alone. If there were
an expectation of working in-groups, there would be group activities that require students to do
SO.

We don’t have group projects in that class, we don’t have to work together. It’s math; it’s

kind of like your individual thing. But I think in all of the other classes they really wanted

us to work together and all of that, but I don’t know...(Clarissa)
For some, working individually gave them the opportunity to move at their own pace, which did
not require them to wait for the rest of the class. Mathematics was something that was learned at
one’s own pace; some learned faster than others did.

| really like the online math thing, [MyMathLab], because you can do it at your own

time, you don’t have to sit around and wait for other people to catch on to what’s going

on...Because the subject is different I think it offers a different environment...I just wish
the class was a little faster sometimes. (Rachelle)
For other students, this individualistic approach had contributed to them developing a
dependency on the instructor. They did not see the value of working with others because the only

source of knowledge for them was that of the instructor.
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I don’t talk to anybody in math class. I’'m always trying to pay attention to see what she’s

doing as opposed to making friends. (Rita)

Other students saw the effects of the lack of group work as a lack of enjoyment. They missed the
enjoyment of doing mathematics, the fun factor of doing mathematics. Regardless of how
difficult mathematics was, mathematics was fun as long as there was a group with which to share
this experience; therefore, any difficulties appeared to be less stressful when the challenge of
learning mathematics was shared by a group of learner that could support each other during the
process.

Even though AP Calculus was difficult, it was more fun [than this remedial mathematics

class], because of the group stuff that we would do. | mean the problems, it would take

like three pages just to solve it, so we all worked together in a group. But this class is like
we don’t really work together (Regina)

“...I feel like if we did [group projects], I could actually learn more things, because if

they‘re struggling or one person knows it but another person doesn’t we can help each

other. So I think that would help.” (Rosa)

It helps to feel like you’re not alone. (Chloe)

Controlled participation. For non-STEM major female students in the remedial
mathematics class, the fear of being perceived as “foolish,” less smart than others, or even over
achievers prevented them from participation. They were not willing to be judged by their
classmates and preferred to listen to other people’s questions in hope that someone would ask the
right question that would clarify their confusion.

[Mathematics class] is very quiet, feels awkward a little bit because some people, you can

tell when someone knows about math and someone doesn’t because there’s always this
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guy in this class, he’s always asking questions and he really doesn’t get it and I’'m just
sitting there like [ understand. I don’t get it either but I’'m not the one making myself
look, I guess, foolish. I don’t know...because if I had the same question he probably
already asked then I would write it down (Rosa).
For some others, their participation was just an effort to get the class to move on or to earn extra
credit.

I just like to sit and learn and not really, like I will participate just because it’s for points

or whatever. Usually | participate whenever it seems like nobody else knows the answer

or nobody wants to give an answer so | just do it. (Rachelle)
In Regina’s case, she withheld her participation because she did not want to be perceived as loud
or as showing off.

Well, I feel like since the class is so quiet, I don’t want to be that one loud person in the

class, so sometimes I don’t even say anything at all. (Regina)

Research Question 3: What differences are there in socialization, engagement, behaviors,
and practices between successful and non-successful non-STEM major female students in
remedial and non-remedial mathematics courses?

The third research question captured differences or similarities in socialization,
engagement, behavior, and practices of successful and non-successful non-STEM major female
students in a remedial mathematics course and a non-remedial mathematics course. “Successful
students” in this study refers to those who had reported in the questionnaire to have earned
mostly B’s and A’s in mathematics classes (question 7), rated their level of success 4 or better
(question 15), and achieved a level of at least a 4 in their capability to solve mathematics

problems (question 16). “Non-successful students” in this study refers to students who reported
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having earned mostly C’s, D’s, or F’s in mathematics classes (question 7), rated their level of
success 3 or less (question 15), and reported a level of no more than 3 in their capability to solve
mathematics problems (question 16). The participants were not made aware of their designation
in order to prevent any negative effect on their mathematics identities. Participants are protected
by the use of pseudonyms.

In order to illustrate those differences and similarities, this section begins with four
narratives to introduce participants; it also includes background information and a description of
the factors that have contributed to their mathematics identities. This is followed by observations
captured by the author and a second observer about the participants’ socialization, engagement,
behavior, and practices in their particular classrooms. These observations were triangulated with
the information collected from the interviews. One successful and one non-successful student
from each class were selected to portray the differences and similarities among all participants.
Students in Remedial Mathematics Class

Regina: “I did all that hard work to make sure I did not end up in remedial, and |
still did.” At the time of the study, Regina was an 18-year-old Latina. She is the oldest of three
children. Both of her parents have some college education. Her father works for a beer
distribution company. Regina described her family as mathematics oriented: “that’s just like the
strongest thing that we all have in common.” From her father using mathematics all the time at
work to process orders, to her younger brother and sister earning awards at school for their
mathematics achievements, Regina’s family embraced mathematics. Regina was placed in the
remedial mathematics course because of her math SAT score. Regina took the SAT exam twice;
the first time she ran out of time, and the second time her calculator stopped working in the
middle of the exam.
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Regina believed that mathematics came naturally to her. Mathematics had always been
her favorite subject. She had taken honors mathematics courses and advanced placement courses.
Regina described her feeling toward mathematics all through middle school as “platonic.”
Regina recognized her mathematics teachers as key to her success and making mathematics a fun
subject by keeping her intrigued, engaged, and focused. She enjoyed helping other students
during class and in the after school program. All of her friends recognized her ability in
mathematics.

Regina recalled taking AP Calculus as her biggest challenge in her mathematics learning
experience. She claimed that it was due to not taking pre-calculus. She was placed in AP
Calculus by the recommendation of her teacher. “I feel like since I was doing so well in the other
classes, they just rushed me in there, and I didn’t feel prepared,” she argued. This experience was
a life lesson from which she learned that there were times that one needed to work hard and
persevere. “I can’t quit whenever something’s hard,” Regina said.

Regina’s goals were to finish her bachelor’s degree and later to pursue a master’s degree.
However, this would depend on her financial situation. She wanted to pursue a career in public
relations because she enjoyed interacting with people. For Regina, mathematics was much more
than just a school subject; it was a way to own her independence:

I’m going to start doing my own financial papers soon, and I’m going to start buying

apartments, or like renting things, and start transporting like insurance and all of this. |

feel I'm going need to own my mathematical skills, and I can’t always depend on my
parents to be there.
Regina felt she did not belong in the remedial mathematics class. She felt disappointed that after
all her efforts in high school, she ended up in remedial mathematics. However, she tried to stay
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positive. “I did not take math senior year entirely, so it’s almost like a refresher, so I’'m using it
to the best of my advantage...just a blessing in disguise,” she contended.

Regina in the remedial mathematics classroom. During all the observations, Regina was
one of the first students to enter the classroom. She always sat in the same seat, two seats away
from the instructors’ desk, wearing her in-ear headphones, which were sometimes on or
sometimes just hanging off her sweater or jacket.

Socialization. Even though she sat in the front of the class, she kept to herself. The
classroom was roomy, and there were significant space between rows. She was mostly quiet with
minimal interaction, but she was the one that participated the most during class. Regina’s
interaction was restricted to a friend that she met in another class. “The class is so quiet...like me
and my friend would look at each other, and she would be like ‘did you get zero,” and I'm like ‘I
got a zero,” and she’s like ‘okay,’”” Regina said. These brief interactions were commonly
observed across the room and were limited to just a few students.

Engagement. Regina always paid attention. She looked at the instructor as the instructor
delivered the lessons. Whenever the instructor asked a question, Regina was the first one to raise
her hand. During the first observation, the instructor allowed Regina to answer at least three
questions. In later lessons, the instructor would acknowledge Regina raising her hand first but let
her know that she wanted other students to participate. On one occasion, when Regina gave the
wrong answer during a lecture, she looked embarrassed and would only look at her notebook;
however, after a few more questions, she resurfaced and continued to participate. She was not
passive; she needed to answer questions and volunteered to go to the board to work out

exercises.
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Behavior. Regina needed to keep herself occupied. Her biggest challenge in this class
was staying intrigued, and she noted that she sometimes “drift[s] away.” During the lecture, she
was constantly raising her hand and volunteering. She never shouted answers as other students
did. She waited for the instructor to allow her to answer. She was very respectful of the students
who were struggling in the class. Regina identified one of her responsibilities in class was to be:

[...] respectful to the teacher and respectful to the other students, and for those that don’t

understand, don’t insult them, just help them understand it instead of being rude. So if

they come up with a wrong answer, don’t make fun of it.

Practices. Sitting in the front helped Regina to pay attention. She found a strategy to
overcome the challenge of waiting for the rest of the class to complete exercises by keeping
herself busy, continuing to work on more problems, and listening to music when the silence of
the class seemed overwhelming to her. She was never observed asking for help while the
instructor was walking around the classroom helping students on a one-on-one basis.

I’m a kinesthetic learner, so I need to do stuff; that’s why I always participate and get up

and write on the board, because I can’t stay sitting down in one spot. But sometimes

when she gives us problems, | listen to music, and | work faster that way so I just finish,
so music works for me.

Rosa: “I don’t want them to look at me like that.” At the time of the study, Rosa was
an 18-year-old Latina taking remedial mathematics. Rosa’s mother was born in a Latin American
country. She went to medical school but interrupted her studies when she became pregnant with
Rosa. Rosa’s father is also from Latin America and completed high school there. Rosa
reminisced during the interview about her time in back home with her grandfather, who used to

teach her mathematics and all the English that he knew. He taught her how to count and to tell

78



time from an analog watch. However, her grandfather’s involvement in her education changed
when her family moved to the United States.

Mathematics was easy for Rosa in her earlier years. However, that changed when
variables, equations, and rules became part of mathematics. Her family tried to help her, but
sometimes she felt like “they made it worse, because they think they might know something but
they actually don’t.” Most of the time, her mom would be the one helping her because she was a
stay at home mom. Her dad was always working, Rosa stressed with some resentment. While
going to college, Rosa lived with her aunt and uncle after her parents decided to return to their
home country.

Rosa’s relationship with mathematics had been one in which she was always trying to
catch up. Rosa felt that she was not successful in mathematics and did not feel capable of
solving mathematics problems. In part, she blamed her teachers for being incapable of noticing
that she was struggling and that she was falling behind.

| feel like the teachers don’t really engage with you. They just assume if everyone knows

it, then she can move on, but she didn’t really ask me. Because it’s kind of another thing,

it’s like you’re embarrassed, you don’t want to say [ don’t get it, because everyone else
gets it and then you expected them to know it so you move on.
She realized that she lacked key factors to succeed in mathematics such as being organized and
having a very good attention span. One of her biggest challenges had been balancing her social
and personal life with her academic work. Nonetheless, she realized the importance of

mathematics in reaching her goals.
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I want to study business...Being in the business world, you have to know a lot about
numbers and I don’t think I’m qualified to work where I want to be right now, but | want
to gain a lot of knowledge and hopefully do what | love.

Rosa in the remedial mathematics classroom. Rosa never changed seats; she always sat
right in front of the instructor’s desk. However, in all observed classes, she failed to participate
during the lecture and the practice portion of the class.

Socialization. Rosa’s interaction with other students was very limited. She always sat in
the front of the class, limiting her possible interaction with the two students sitting beside her.
She was never observed turning around to see who was sitting behind her. During one of the
observations, Rosa interacted with the student on her right. It was very brief and seemed
impersonal. Her short interaction with this student only involved asking which chapter that the
class was on, and on other occasions, Rosa recalled talking to this student to complain about the
class.

We would be like, “oh my god, I hate this class,” or “it’s so long,” or ... So we didn’t

really talk. Sometimes | would ask, I’m like, “oh, what chapter are we on?” But we never

really got into things.
When asked about her limited interaction with students, Rosa said:

I don’t want to bother [classmates] because they’re trying to catch up while I’m already

behind, and it’s not really their job to help me; it’s more for the teacher to help me.

Engagement. Rosa never volunteered during class. She was always looking at the
instructor. Rosa was never observed asking the instructor questions during a lecture or while the
instructor was walking around the classroom. Most of the time, she looked confused but did not

ask questions. She worried about the perception that her classmates might have of her if she
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started asking questions, because this would show that she did not understand the subject. Rosa
did not want her classmates to look at her as they looked at another student who constantly asked
questions.
| know that the guy that sat next to me always had questions, and he always asked
questions. That’s why I would sit there too, so | could listen. Because if | had the same

question, he probably already asked it, and then | would write it down.

Behavior. Rosa appeared to take notes all the time, so she appeared busy. She never left
the classroom during class as the other students did. Her demeanor allowed her to remain almost
invisible for the entire class.

I feel like kind of dumb, or it’s like embarrassing a little bit, so I’'m in class, and I write it

down. I don’t understand. Sometimes when I write it down. I’m just like okay, I’11 ask

[my instructor] later or I’'ll Google it or something.

Practices. As mentioned before, Rosa always sat in the front of classroom. When asked
why she was always sitting in the same place, Rosa responded:

[Blecause if I’'m in the back I’ll be on my phone, I’ll do all this stuff. I’'ll do my other

homework. I don’t know. I’d just be more distracted, so I need to be in the front and try

to pay attention. But sometimes that doesn’t even work.
Rosa added that by sitting in the front of the class, she did not miss anything, especially when
other students asked questions that she might have asked but was too afraid to ask.
Unfortunately, Rosa did not complete the remedial mathematics class the semester this study
took place; she withdrew from the course.

Students in non-remedial mathematics class
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Clarissa: “I love math. I like to think that I’m good at it!” Clarissa was an 18-year-old
white female student from Indiana taking the non-remedial mathematics class. She was an only
child. Clarissa’s mother had a college degree and her father was an engineer. Clarissa
remembered that while she was growing up, her mother encouraged her to read and her dad
taught her mathematics.

My dad always raised me to think of [mathematics] just like a puzzle. It’s fun.

Since Clarissa was diagnosed with Leukemia at age 5, her schooling has not been typical.
She remembered missing many days of school because she was in the hospital. Clarissa’s
teachers were a great support system in helping her to complete elementary school. She noted
that her elementary school mathematics teacher was “one of the biggest influences on [her]
career, still to this day.”

Clarissa looked at this as an opportunity to be more independent in her learning and
pursue outside school experiences. At the age of 13, Clarissa started her own jewelry business to
raise money for an association that raises money to protect the rainforest. She said, “That was all
just tons of math, deciding what I needed to spend on the product and then selling it to the
consumer. Lots of financial math involved with that.”

Since second grade, Clarissa was part of the accelerated learning group or honors classes.
Her mathematics experience did not change that much over the years. Her goal was always to be
the best student she could be.

| think 1 am just very motivated. That was my top priority in high school with the

academics, and | had a social life too, but school always came first.

Clarissa felt very capable of solving mathematics problems and was very successful in
mathematics. She believed mathematics was essential to reaching her career goals.
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I’m planning on majoring in International Business and eventually either becoming a
buyer or a trend forecaster for some international company [...] Absolutely [T will use
mathematics]. That will be the backbone of all of it.

Clarissa in the non-remedial mathematics classroom. Clarissa was always prepared for
class. She was always smiling. In class, Clarissa sat in the second to last row, right in front of the
door. However, she was never observed leaving the classroom during class.

Socialization. On a few occasions, Clarissa was observed having conversations with other
students prior to class. However, as soon as the instructor entered the class, Clarissa would stop
talking and look straight ahead to the front of the room. When asked about her interactions with
other students, she said there was limited interaction because it was a fast-paced class, but that
she sometimes communicated with other students before or afterwards.

She always sat in the same seat, as did the other students; they never changed seats, even
though seats were not assigned. One would think that this would be an ideal opportunity to get to
know the people seated around, but Clarissa explained that:

Nobody really got to know each other in there or anything. It’s kind of like we go in, do

math and leave, and don’t know where they go, I don’t know. [laughs]...No, [ don’t

know hardly any names in that class. And that’s the only class I don’t, I don’t know

[laughs].

Interaction took place only before or after class, and it was never social. It was all about the
class, as Clarissa observed: “There is a small group of us in there, so we will talk before class

and after class, like ‘hey, I didn’t get this correct,” and it’s easy to explain it to the other people.”
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Engagement. Clarissa appeared to be attentive throughout the entire lesson. Clarissa
stated that she felt very comfortable in class given that the instructor was able to create a light
environment in which there were moments of shared laughter.

[The instructor] is a very friendly teacher, so it’s easier to be casual and to really be able

to relate to her and all of that. So in class, we’ll all be laughing together a lot. It makes

the classroom so much more comfortable when you’re not all uptight and [...] you don’t
think you’re going to get in trouble for anything.
Clarissa also enjoyed the fact that the curriculum included real world applications for the
concepts covered in class. Clarissa said she thinks it’s “fun seeing how it all works out, so I love

when it’s like the actual real world situations.”

Behavior. Clarissa participated during class, but not as frequently as the other successful
students in this class; however, she gave the right answer every time. Clarissa appeared to wait
for other students to participate, or she would participate if no one else was answering or after
students had responded incorrectly. . Clarissa explained:

I think that by being active and participating...I don’t want to make others feel bad if

they didn’t get the problem, but it’s also sometimes easier from a student’s perspective,

like ‘hey, you can do this, or this is where you went wrong,” instead of hearing it from a

teacher.

Practices. Most of the time, Clarissa, like the other students, was writing notes and
working by herself. Clarissa believed that mathematics requires one to pay attention and
concentrate. “[1]t’s math. It’s kind of like your individual thing,” Clarissa claimed.

Chloe: “sink or swim.” This narrative is from Chloe, who was a 23-year-old, White

female non-remedial mathematics class student at the time of the interview. Chloe was the only
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child from a household of professionals living in the Upper East Side of New York City. Chloe’s
mother had a degree in early childhood education, and her father has a degree in psychology.
Chloe remembered how she learned to read at a very early age after she did not want to wait for
her mother to read to her. At home, reading has always been a priority, as well as keeping an
active social life by practicing hobbies such as dancing, gymnastics, horseback riding, and
playing volleyball. Chloe felt that her parents understood her difficulties with mathematics and in
a way had accepted who she was as a doer of mathematics.

Chloe’s early experience with mathematics was marked by differential treatment and
pressure to do well on standardized exams. She went to an all-girls private elementary school
“that prided themselves on being ahead of the pack when it came to the advanced level at which
their students were learning,” claimed Chloe. She described her experience in that school as
“very much like a sink or swim thing.” Chloe was identified as needing personalized attention
for mathematics because of her score on a standardized exam.

| was taken away from my classmates for the subject, which made me extremely insecure

when it came to math. I was worried that that if [ didn’t have higher scores, I would

continue to be removed from the classroom, so | ended up panicking more during tests.
These feelings continued to be part of Chloe’s mathematics learning experience, which had
included the help of private tutors. However, Chloe developed a negative connotation with the
help received from her tutors.

It took me a long time to have enough confidence to believe that I could ever do math on

my own without a tutor, and also to see tutors as a negative thing in my life, because |

always assumed that if you always need a tutor, if you can never do on it your own, then

you’ll never be good.
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For Chloe, it was very important to see real life applications of mathematics to help her
understanding of what it means to do mathematics. She expressed a desire to connect her
mathematics skills to other areas such as the arts.

[My Finite Mathematics teacher] was able to express the mathematic concepts through

the work of Escher [a graphic artist], so I think with some people like me, when you’re

able to put it into more of the visual concepts, to understand how math is being done, it
completely changes it. For a student that maybe their initial reaction is to say “Oh, my

God, Math. It freaks me out,” you’re able to appreciate it on so much more of a larger

scale, so that’s why [Finite Mathematics] was memorable to me.

This need to connect her learning to her experiences had not changed, and she was expecting for
it to continue in the non-remedial mathematics class she was taking. Chloe claimed that she
would like to see a little bit more range in the types mathematics offered and would like to see
administrators “use your prior experience to [...] put you in the classroom that they feel you
would thrive in the most.” She suggested this would place less pressure on people in the non-
remedial mathematics class, and that they might be more likely to succeed.

Chloe felt that many of her issues with math “are mental and stem from the humiliation I
felt regarding the subject growing up” and that as long as she has the right people to assist and
has enough time to learn the material, she has the potential to be a successful business student.
Unfortunately, Chloe did not complete the non-remedial mathematics class the semester that this
study took place; she withdrew from the course.

Chloe in the non-remedial mathematics classroom. Chloe could not pass unnoticed
given her outgoing and gregarious personality. She was observed interacting with other students

before class. However, her personality changed as soon as the instructor began class.
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Socialization. Chloe, who always sat toward the back of the room, socialized with the
students around her. Most of the time, that interaction took place before the class began. Chloe at
times would have short conversations with the other students, but it was mostly to compare final
answers. “I think, honestly, there was a pretty good sense of camaraderie in the class. None of us,
I think, are math experts,” Chloe claimed. Chloe also recalled a time when the instructor gave
them a take-home test, which brought the students together. She felt they were “just trying to
make sure [they] were on the right track with it.”

Engagement. Most of the time, Chloe was a part of the class. During the homework
portion of the class, she asked questions. During the lecture part, she would participate,
especially when the instructor asked for the definition of business concepts such as breakeven,
profit, and revenue. Her face would glow when she was stating those definitions. She would be
one of the students stating the answer in the context of the problem. Chloe explained her
participation during class as a way to pay attention. Mathematics classes, she said, were not the
kinds of classes where you could say to yourself, “‘I’m really tired this morning; I’m going to
zone out. You can’t have one of those days in [the non-remedial mathematics class], definitely
not.

Behavior. During class, Chloe always took notes and looked at the board. She did not
want to miss anything the instructor said or wrote. She was one of the few students that never left
the classroom during class. She was always busy flipping pages in her textbook, taking notes, or
looking straight at the board. Her interaction with the other students next to her was limited.
During the exercise portion of the class, she was observed not trying to solve the problems, but
instead looking through the book. As soon as the instructor began going over the problem, she

would start taking notes.
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It’s kind of a fast-paced course; like | said, you usually cover several topics in one class
sitting, so | felt like a lot of times it was me trying to scramble to get down the problem
so | could go home and look at them again and try to follow how they were being done.
Practices. Chloe was one of the few students that brought her textbook to class. As the
instructor wrote the definitions, Chloe would identify the page number on which the definitions
were located. Chloe was also observed comparing final answers on the board to those listed on
the textbook to double check that answers were the same and appeared in the same form. Chloe
explained during the class that she always used her textbook, but on occasions, the textbook
presented the work using different steps, which contributed to her misunderstanding of the class
lecture.
A lot of times | would reference the chapter that we were doing practice problems in. |
always had my textbook, and if for some reason the explanation wasn’t that clear, I
would sometimes go back to the beginning of the chapter and see how the textbook was
explaining it. Most of the time that did not help, but [laughs] it felt better than doing

nothing when | felt confused.
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Chapter V

Summary, Conclusions, and Recommendations

Introduction

This final chapter begins with a summary of the study, followed by a discussion of the
findings and relevant literature. This is followed by a discussion about the implications of the
findings and recommendations for future research. This chapter concludes with a final note that
briefly summarizes some of the major findings and restates the importance of understanding the

factors that shaped the mathematics identities of non-STEM major female students.

Summary

The literature has shown the importance of mathematics identities in understanding
students’ learning of mathematics. Boaler, William, and Zevenbergen (2000) showed how
students’ mathematics identities influenced their success and engagement. Furthermore, Boaler
and Greeno (2000) claimed that the decrease in students’ persistence and retention in
mathematics may be due to the “figured worlds” that some mathematics classrooms represent to
students that failed to support the development of positive mathematics identities. Cobb et al.
(2009) described how students’ identities defined students’ identification, cooperation, or
resistance to classrooms activities. Martin (2000) described how students’ personal histories,
inherited parents’ experiences, and school influences define students’ appreciation of the
instrumental importance of mathematics, motivation to learn, and beliefs about their ability to
learn mathematics. This study’s goal was to expand this literature by exploring the mathematics
identities of a neglected group of students and extending the applicability of Martin’s framework

into a post-secondary setting. The purpose of this study was to examine the mathematics
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identities constructed by non-STEM major female students in remedial and non-remedial
mathematics classes. The following research questions were considered:

1. What mathematics identities are held by non-STEM major female students? Are
mathematics identities different for female students in remedial versus non-remedial
classrooms?

2. What differences are there in mathematics socialization in remedial versus non-remedial
mathematics classrooms? How does this influence the mathematics identities of female
mathematics students?

3. What differences are there in socialization, engagement, behavior, and practices between
successful and non-successful non-STEM major female students in remedial and non-
remedial mathematics courses?

Chapter II, the literature review chapter, presented a survey of studies about identity,
identity construction, and mathematics identity. The second chapter included a description and
the reasons for using Martin’s (2000) framework. Martin’s framework guided the process of
addressing sociohistorical, community, school, and intrapersonal personal factors captured by the
literature of women’s opportunities and challenges in the pursuit to learn mathematics. The
second chapter concluded with a description of an interpretative scheme proposed by Cobb et al.
(2009) for the analysis of students’ mathematics identities developed in particular mathematics
classrooms.

In the third chapter, the methodology chapter, a rationale for using a qualitative study was
provided. The importance of this study as an opportunity for non-STEM female students’ voices
to be heard, and their stories shared, was emphasized. The data for this qualitative study were
drawn from mathematics autobiographies, one questionnaire, two interviews, and three class
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observations. Moreover, in the fourth chapter, | addressed each of the research questions with the
data collected from twelve students (six in remedial mathematics and six in non-remedial
mathematics classes). This current fifth chapter continues with a discussion of the findings in
relation to the literature.
Research Question 1: What mathematics identities are held by non-STEM major female
students? Are mathematics identities different for female students in remedial versus non-
remedial classrooms?

This study was able to capture some of the variation of the mathematics identities of non-
STEM major female students. Their “negotiation” with their community and school forces had
different results for students in remedial and non-remedial mathematics courses. Some
participants defined their identification to mathematics in opposition to their communities’
beliefs about mathematics; beliefs such as “people are born with the ability to do mathematics,”
“success in mathematics is about solving problems mentally and fast,” and the belief that there
are different “kinds” of people, some that are “math people,” and others are “English people.”
For others, their mathematics identities were developed within the constraints of these beliefs.
Some of the differences in the participants’ mathematics identities perhaps were due to their
opportunity to develop emotional bonds with their families or a family member through
mathematics. This was more than parents assisting with homework; it was an emotional
connection, and when it was lost, their experiences with mathematics changed. Moreover, early
identification as successful students was significant and perhaps defined participants’ persistence

in mathematics and attitudes toward mathematics even in the face of adversity.
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Natural ability versus effort. Since ancient times, there has been an enduring belief that
some people are born with a natural ability to do mathematics. Plato argued, “those who are by
nature good at calculation are as one might say, naturally sharp in every other study, and...those
whose are slow at it, if they are educated and exercised in this study, nevertheless improve and
become sharper than they were” (Grube, 1974, p. 18 as cited in Stanic & Kilpatrick, 1988, p. 9).
Gee (2001) argued that who we are is in part due to our “nature” (p. 101). Gee referred to this as
N-ldentities and explained that these identities refer to a state determined by a force that no one
(neither individual nor society) has control over; the source of power is nature. However, this
part of our identity is interrelated with our other identities (I-Identities, D-ldentities, and A-
Identities) that most maintained, reinforced, or institutionalized as our natural identities (N-
identities). Anderson (2007) noted the lack of scientific evidence that supports “that mathematics
learning is related to genetics” (p. 11) and Boaler and Greeno (2000) challenged the view that
differences in mathematics learning were due to cognitive ability. However, this does not stop
parents and students from claiming that their ability to do mathematics is due to lack of having
the “math gene” (Anderson, 2007, p. 11).

A belief in having or lacking the “math gene” defined the mathematics identities of these
non-STEM major female students. All but one of the participants that were placed in the
remedial mathematics class believed that they lacked this natural ability to do math. Those that
have experienced success in mathematics attributed their success to their effort. Fennema,
Peterson, and Carpenter (1990) documented teachers that attributed female students’ success to
effort and male students’ success to ability. This study noted that female students have
internalized the belief that their success in mathematics was due to their effort and not their
natural ability to do mathematics. Most of the participants from the non-remedial mathematics
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course that have experienced success in mathematics believed they have a natural ability to do
mathematics. Mathematics comes easy to them.

Rosa described her beliefs about her ability to do mathematics in relation to her friends’
ability to do mathematics. She felt a lack of ability to do mathematics when compared to her
friends. Rosa’s membership with this affinity group reinforced her beliefs about her ability to do
mathematics. This exemplifies how the A-identities (the affinity perspective) reinforced Rosa’s
D-ldentity (a discursive identity) in which she has been ascribed the label of low mathematics
achiever (Gee, 2001). “We are what we are primarily because of our individual accomplishments
as they are interactionally recognized by others” (p 101).

Early education experiences. There are studies that have shown the opportunity gap
created by placing students in different tracks (mathematics programs) based on standard testing
(Flores, 2007). Based on standardized exams, students were placed on different mathematics
tracks (programs). Boaler (2003) argued that standardized exams do not measure learning and
give room to inequality. The early mathematics experiences of these non-STEM major female
students were marked either by the labels of high achieving student placed in honors (accelerated
or enriched) programs or as low achiever. Chloe shared how receiving one-on-one instruction in
a separate room, away from the rest of her mathematics class, negatively influenced her beliefs
about her ability to do mathematics.

Sometimes the damages to students’ enduring relationships with mathematics caused by
educators’ efforts (policies and procedures) outweigh their educational gains. Garrity (2004)
captured the advantages of detracking with vigilance and pointed out the positive results that

having heterogeneous groups of students in accelerated mathematics courses can provide.
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Speed and games. One may argue that students are required to do various school tasks
that are done under pressure of time. Students take standardized exams with limited time.
Students are asked to complete classroom activities such as quizzes, exams, and other assessment
instruments under time constraints. However, students do not see these assessment tools as
pleasant events in their mathematics education. The participants of this study reminisced about
activities that they participated in that were fun, motivational, engaging, and significant. These
activities were done under time constraints, and those who were able to perform the best and the
fastest were rewarded. Participants engaged and accepted the requirements of these activities as
part of their community of practices (Wenger, 1998). “Students learn what is to be a mathematics
student through these practices” (Boaler, William, & Zevenbergen, 2000, p. 5). These games and
fun activities were significant for the participants and may have deeply rooted the idea that
mathematics is done fast, and sometimes mentally, if someone is good in mathematics.

The role of teachers in the development of mathematics identities. Without a doubt,
the participants in their experience of learning mathematics had the opportunity to have
encouraging and supportive teachers. However, for others, such as two non-successful female
students, teachers were obstacles to the construction of a positive relationship with mathematics.
Those experiences were loaded with the challenges of attending schools located in urban
communities. “Unfortunately, such prejudices [about minorities students’ performance] are not
uncommon, with some authors even claiming that Latino and African American students are less
teachable” (Flores, 2007, p. 30). When teaching became a disciplinary task, teachers had low
expectations for the students. These expectations would guide some students to fulfill those
expectations. Furthermore, teachers tend to limit the level of mathematics covered in class to
minimize disruption and stress in the classroom. Werkema and Case (2005) argued that

94



“pedagogy of poverty” was a culture of low expectation that emphasized repetition of basic skills

and behavioral compliance.

Personal and emotional ties to mathematics. The literature has addressed the
importance of parents as a defining factor in their children’s academic and mathematical
identities (Berry, 2008). Parents’ schooling experiences influenced their children’s experiences
and relationship with schools (Auerbach, 2002) and beliefs about the value of learning
mathematics (Martin, 2000). Berry (2008) portrayed parents in multiple roles in their children’s
mathematics learning, such as guardians of opportunity, standard setters, models of success, and
resources for mathematical knowledge (Berry, 2008). These findings held true for this group of
non-STEM major female students. Participants were able to verbalize the role their families
played in their learning of mathematics. In addition, participants took their parents’ involvement
in their learning of mathematics to an emotional level.

For successful students, mathematics was a meaningful activity over which parents and
children could bond. Mathematics became a part of the meaningful interaction the participants
had with their parents that went beyond their serving as personal tutors. It was about making
mathematics an activity that served as a bridge, a medium, and a way to connect and identify
with family, as it did in Regina’s case. It was noticed that the lack of such connection might have
resulted in a distance with mathematics in which mathematics was restricted to the walls of a
classroom, such as in Carmen’s case.

English or math person? Gee (2001) defined identity as the “kind of person” one is
recognized as “being” in a given context (p. 99). Gee continued to claim that people developed

A-identities to belong to an affinity group: “their allegiance is primarily to a set of common
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endeavors or practices and secondarily to other people in terms of shared culture or traits” (p.
105). It is this sense of belonging to a particular group that influences distinctive social practices.
Levy in Stacy, Bereaud, and Daniels (1974) argued that “as children move through

elementary school, certain subjects, such as English, come to be regarded as “girls’ subjects,”
while other subjects, such as math and science, are perceived as “boys’ subjects” (p. 145). This
categorization of subjects by gender continues. However, Clarissa, a successful student,
recognized that perhaps society did not expect women to pursue careers involving mathematics,
which might have influenced some women’s perceptions of mathematics. Clarissa defined her
mathematics identity in opposition to this societal belief, given her experiences of success in her
learning of mathematics. “[S]tudents respond to school in ways that seem reasonable to them,
given the messages schools and larger society send them about their prospects for school success
and the rewards they might expect from the hard work that success requires” (Oakes, 1990b; p.
2002). For other students, such as Chloe, mathematics had failed her. Chloe identified herself as
an English person. “[S]tudents related their rejection of mathematics to the type of person they
believed themselves to be” (Boaler, William, & Zevenbergen, 2000, p. 9).

Goals and real life applications. Nasir (2002) and Anderson (2007) defined identity as a
social construction that is influenced by past and present experiences aligned with our self’s
visualization, which is determined by our “ability to imagine [ourselves] at the next level and to
act so as to make that imagined fact a future reality” (Nasir, 2002, p. 241). All participants
recognized the instrumental importance of mathematics in reaching their career goals. As
expected, some participants saw a higher importance of mathematics than others. This was

determined by the professions they imagined having in their futures.

96



Their mathematics identities seem to be in alignment with their future careers (Anderson,
2007). Students from the remedial mathematics class recognized that mathematics was important
for their everyday lives and appeared to have a more limited view of mathematics than those
participants from the non-remedial mathematics class. Students from the non-remedial class want
to pursue professions in which having good mathematics skills was necessary; such was the case
with Chloe. Even though she struggled with mathematics, her goals of having a profession in
marketing motivated her to keep studying mathematics. This supports what Nasir’s (2002)
argument that “the formation of goals and identities and practice are seen as related processes
that are central to learning” (p. 215).

Participants also stressed that mathematics was interesting to learn only when
mathematics was related to their real world. Some topics and areas in mathematics that they were
exposed to have no meaning or value to them given that those areas lacked obvious connection to
their world.

| believe that this situation has arisen, not despite, but in some cases because of the

contexts used in mathematics classrooms. ‘Mathsland’, the fantasy world created by

many mathematics questions, is likely to be most harmful to those students who are
socially aware and concerned about the relevance of subjects to their future lives-often

these students are girls. (Boaler, 1994, p. 555)

Research Question 2:What differences are there in mathematics socialization in remedial
versus non-remedial mathematics classrooms? How does this influence the mathematics
identities of female mathematics students?

Even though students shared similar general responsibilities in remedial and non-
remedial mathematics classes, the opportunities for mathematics socialization in both classes
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were different. The mathematics identities of students in the remedial class were restrained to the
boundaries of instructor-guided participation. Remedial mathematics students seemed to comply
with classroom norms of participation, leaving no room for students’ mathematics curiosity and
ideas to emanate. Students in the non-remedial mathematics class were able to experience
moments in which they were able to make significant contributions to their own creation of
mathematics knowledge. Classroom activities such as homework from a physical textbook,
rather than online like in the remedial mathematics class, and take-home exams, gave the
students in the non-remedial mathematics an opportunity to work with each other and room to
ask questions about concepts or problems they encountered while completing the homework. It
was during the homework component that the majority of the non-remedial students were
participating the most and were correcting their own work, something that was never noticed

among students in the remedial mathematics class.

The interpretive scheme proposed by Cobb et al. (2009) considered the construction of
normative identity and personal identity in particular classrooms. The normative identity
included students’ general classroom obligations and specifically obligations while the personal
identity included “[the] students’ understandings and valuation of both their (1) general
obligations and (2) specifically mathematical obligations, (3) assessments of their own
mathematics competence, and (4) assessments of other students’ mathematical competence”
(Cobb et al., 2009, p.57). This study captured what it meant to know and do mathematics as it

was realized in the remedial and a non-remedial classroom.

The general obligations of the students taking the remedial and the non-remedial

mathematics class included the students asking clarifying questions, listening, and taking notes
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during the lecture and exercise portions of the class. Steps to solve problems were heavily
emphasized through the entire lesson. Students in the remedial mathematics class students were
obligated to follow specific steps to solve problems even after the instructor acknowledged that
there were other ways to solve the problems, and there were students in class that might have had
prior knowledge. The standards for mathematical argumentation were limited to those stated by
the instructor. Students in the remedial mathematics class had opportunities to share their
answers on the board and explain their answer to the rest of the class; however, the participants
just verbally restated the instructor’s steps. Schoenfeld (1989) claimed “the step-by-step
approach designed to yield mastery of the subject matter had the unfortunate consequence that

students [come] to view themselves as the passive consumer of others’ mathematics” (p. 341).

Students understanding of their classroom’s general and specific obligations contributed
to students embracing mathematics as an individualistic subject and their perception of a lack of
a sense of community that did not allow them to affiliate with the remedial mathematics class.
For students such as Regina, this lack of community prevented her from getting much-needed
support from her instructor and peers. Walker (2005) cited literature that showed that “students’
peer groups may be critical in the development of an identity that supports academic success” (p.
46).

This lack of a sense of community also prevented students from positioning themselves
as successful students given that they did not have an opportunity to help others without being
perceived as “loud” or a “show-off” as described by Regina. The remedial mathematics class
failed to foster an academic community that fostered academic success, as described by Walker
(2006). The remedial mathematics classroom was not aligned to the environments that students

were used to working in or related to. Clarissa commented that in courses other than
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mathematics, the interaction between students was expected and seemed to her necessary to
students’ learning. Boaler and Greeno (2000) argued that students are discouraged from pursuing
mathematics because they experience a conflict between who they are and the role students need
to play in the classroom, in some cases, giving up some part of their identity, as in Regina’s case.
The participants expressed the need for a community that the remedial mathematics class did not
offer them.

The remedial mathematics participants’ assessment of other students’ ability to do
mathematics influenced their class participation patterns which prevented them from not only
positioning themselves as successful students, but in other cases, to fear being perceived by
others as “dumb.” Some of the participants in the remedial mathematics class merely cooperated
with the teacher; they did not see the value in what they were learning because some of them
were already familiar with the material, and those that needed to learn the material were afraid to
become classroom participants, as in Rosa’s case.

[S]tudents may find themselves constantly negotiating between their friends’ perception

of them and their own academic identities. Dominant peer group norms, especially if they

do not support academic behaviors, can exacerbate a climate of underachievement,

particularly in the case of African American and Latino/a students. (Walker, 2006, p. 47)

Even though there were similar general responsibilities for the students in the non-
remedial mathematics class, they were able to create some connection by the interaction that
took place before and after class. Moreover, the take-home quizzes were also a vehicle for them
to come together as a community of learners. It was noticed that in the latter observations, the
students were able to share moments of laughter, and for some students, such as Clarissa, the

environment was pleasant.
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The instructor stressed identifying keywords to help participants remember one of the
stated approaches to solve problems. There were no freedom for the students to exercise
conceptual agency, “which involves choosing methods and developing meanings and relations
between concepts and principles.” This perhaps reinforced students’ belief that mathematics was
mostly about memorizing (Schoenfeld, 1989).

During the first part of the lesson, the general obligations of the students taking the non-
remedial mathematics class included asking questions about the homework, listening, taking
notes, checking and correcting their homework, and contributing to finding solutions while the
instructor guided the solution process. In the lecture part of the class, students’ general
obligations included asking clarifying questions, listening, taking notes, and answering questions
to show the instructor their understanding of the subject. In the last portion of the class, students
demonstrated understanding by solving problems. During this part of the class, students had the
opportunity to exercise conceptual agency and the opportunity to show authorship of their own
mathematical knowledge. For a limited time, students in the non-remedial mathematics class
came to be a community of practice (Lave & Wenger, 1991).

The mathematics socialization among students in remedial mathematics classrooms was
limited to answering the instructor’s questions. Students understood that it was a way to show the
instructor their understanding, and it was an obligation that they needed to comply with. Students
never engaged in discussions that went beyond the steps shown by the instructor. Remedial
mathematics students rejected the instructors’ invitation to work together and preferred the few
seconds of one-on-one interaction with the instructor during the exercise portion of the class. In
contrast, students in the non-remedial mathematics class did not experience one-on-one
interaction with the instructor, as the instructor seldom offered it. Non-remedial mathematics
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students were able to have significant moments of interaction, especially while going over the
homework and during the exercise portion of the class. Students’ interaction during class was
never directed to other students. It was always directed to the instructor, even in the cases when
they were responding to or commenting on other students’ answers or questions. Non-remedial
mathematics students experienced indirect socialization with other students that gave the

opportunity for some students to maintain and develop positive mathematics identities.

Research Question 3: What differences are there in socialization, engagement, behavior,
and practices between successful and non-successful non-STEM major female students in
remedial and non-remedial mathematics courses?

Non-successful students in remedial mathematics class did not socialize with the
instructor or the rest of the students. They suffered in silence because of their fear of being
criticized by other students, as they believed they had less ability to do mathematics. Their
strategically selected seats helped them self-modify their behavior to try to keep engaged during
class. However, their efforts were mostly unproductive. Successful students in remedial
mathematics found practices that helped them overcome the lack of motivation their classroom
environment provided. Their socialization was individualized, but successful students tried to
stay engaged by constantly participating and working ahead of the class.

Non-successful students in non-remedial mathematics class have limited interaction with
other students. Their classroom behavior and engagement were limited by their ability to
contribute to the class discussion. Their prior knowledge was not sufficient for them to become
regular classroom participants. On the other hand, successful students in the non-remedial
mathematics class found opportunities to position themselves as successful students and

moments to exercise conceptual agency.
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This study provided a picture of the wide range of differences or similarities in
socialization, engagement, behavior, and practices of successful and non-successful non-STEM
major female students in a remedial mathematics course and a non-remedial mathematics course.
The goal of the third research question was to continue the conversation that Boaler, William,
and Zevenbergen (2000) began in terms of allowing “the possibility of multiple communities of
practice, rather than a single monolithic edifice.” It is time to consider the second tier (Tobias,
1990). The goal of this effort is not to recruit students to pursue mathematics as a career. It is an
effort to understand students’ needs, motivations, and academic curiosities, and to better support
their academic and career goals by aligning the teaching of mathematics rather than expecting
them to become aligned to an idealization of mathematics that is ambiguous and unrelated to
them.

Regina, a successful student, was able to see her placement in a remedial class in a
positive manner; however, she struggled all semester long with a classroom environment that did
not give her the ability to position herself as a successful student. Even though she found ways to
keep engaged in class and exhibited practices that allowed her to maximize the waiting time for
others to catch up, her mathematics identity was negatively affected. By sitting in front of the
class, she adjusted her behavior to keep on task. Most of the time, Regina worked independently,
a characteristic that was not part of who she was; she enjoyed helping and interacting with
others. The lack of sense of community in the classroom overshadowed her disposition to be part
of a community of mathematics learners.

The remedial mathematics classroom was not conducive to learning for Rosa, a non-
successful student. Rosa was afraid to participate in class and was never willing to put herself in
a position to be criticized or judged by her peers that she would have to interact in other contexts
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outside the mathematics classroom. She decided to stay quiet and suffer in silence. She sat in the
first row of the classroom to help her pay attention and to better hear other students’ questions,
an action that suggested she was willing to learn as she realized that mathematics was essential to
her career goals. The lack of group work made it difficult for her to participate. Boaler, William,
and Zevenbergen (2000) stressed the correlation between the feeling of belonging to a group and
self-esteem. Feeling that she did not belong to this class forced Rosa to adjust her behavior and
might have also affected her confidence level. Boaler and Greeno claimed, “the practices of
learning mathematics define the knowledge that is produced” (p. 172).

Clarissa, a successful student, found ways to interact with other students. Even though
socialization with other students was limited to the beginning or end of class, physical homework
assignments and take-home quizzes gave Clarissa and her peers something to talk about. It was
noticeable in the latter observations, that students in the non-remedial mathematics course had
short moments where they came together as a learning community. This was never observed in
the remedial mathematics class. Even though Clarissa’s contribution to class was limited to
answering questions, her mathematics identity did not suffer given that she was used to working
independently. The few occasions where Clarissa participated were meaningful contributions
that placed her among her peers as successful given that she was answering questions that others
have shown difficulty answering.

Chloe, a non-successful non-remedial mathematics student, did not perform in
mathematics in a way that projected the successful student that she was in other areas, making
the interception painful and frustrating at times. Students dislike mathematics because of their
“perceptions of the subject as abstract, absolute and procedural conflicted with their notions of
self, of who they wanted to be (Boaler, William, & Zevenbergen, 2000, p. 8). Chloe did not see
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herself as a mathematics student; she needed to learn mathematics to be a successful marketing
student. Chloe turned to her textbook, as she did for other classes, only to find it useless in
helping her to understand the material. Chloe’s personality came out when she was participating
by defining business terms and restating final answers for business application problems. Boaler
(1994) found considerable underachievement among girls that were exposed to a content-based
learning environment in which there was a separation between process and content; Chloe
exemplified Boaler’s finding. Based on Chloe’s past experiences, she needed to work in a group
to have the opportunity to check her work with other students and motivate her to try solving
problems during class. Martin (2000) pointed out that some students covered their mathematics
deficiencies by “acting up” in class; that was not the case for non-STEM major students. Non-
successful students tried to be as invisible as possible for the rest of the class.
Implications for Policy and Practice

Because the narratives of the twelve participants in this study showed the importance of
classroom activities in the development of students’ mathematics identities, it is vital to evaluate
mathematics as it is “realized” in remedial mathematics courses (Cobb et al., 2009, p. 43). These
findings reinforce and support recent efforts to address the mathematics education of non-STEM
majors such as the Statway and Mathway initiatives as described by Cullinane and Treisman
(2010). More than a question about curriculum, it is a question about offering a classroom
environment conducive to students not only learning mathematics, but where mathematics
activities are aligned to students’ figured worlds (Holland, et al., 1998). This study captured the
struggles of successful students placed in this typical remedial mathematics course. Their
struggles were not about the difficulty of the material covered in class, but a struggle to stay

intrigued and have the opportunity to position themselves as successful mathematics students
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among a community of doers of mathematics. It is vital to continue the conversation of the
benefits and results of remedial mathematics against the obstacle remedial programs represent to
students’ development of positive mathematics identities. One of Steele’s (1997)
recommendations to fight stereotype threat (a phenomenon in which students who feel subject to
a stereotype about their performance in a given domain) is to adopt a mathematics curriculum
based on challenge over remediation. “[A]ll students can be given challenging work at a
challenging, not overwhelming, pace, especially in the context of supportive adult-student
relationships. In contrast, remedial work reinforces in these students the possibility that they are
being viewed stereotypically” (p. 625).

Because students reported that the biggest challenge in remedial mathematics was to stay
intrigued, it is important to address the impact of students’ mathematics learning when the
students are inappropriately placed. The literature about standardized exams that are often used
to place students in remedial program have showed how these exams may not measure learning
and give room to inequality (Boaler, 2003; Kozeracki, 2002). College mathematics placement
policies should considering other factors that capture students’ prior performance such as high
school GPA that may be a better way to identify those students who need to take mathematics
remedial courses (Benford & Guess-Newsome, 2006).

Because the remedial mathematics course in this study follows a step-by-step approach
and the typical developmental mathematics pedagogy is thought to rely largely on procedural
skill-building, which is characterized by “review, lecture, independent seat-work, and math
problems devoid of application to real world” (Hodara, 2011, p. 2), it is vital to expand the
professional development mathematics instructors receive with regard to innovating mathematics

pedagogy to potentially improve remedial mathematics students’ completion and learning
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outcomes. Among the pedagogies identified by Hodara with the largest positive impact in
students’ learning and understanding of mathematics were student collaboration and problem
representation. Hodara stressed that in order for student collaboration approach to work, it needs
to be structured and systematically integrated into a course where students understand the
implication of their group participations and ensure that all group members are able to present
the group’s work. Even though there were not studies of remedial programs that were using
problem representation, there were rigorous studies involving K-12 population that showed
significant improvement in students’ learning outcomes. “Developmental [mathematics]
instructors may want to consider modeling problems numerically, algebraically, and graphically
in their lessons, and have students represent and solve problems in multiple ways on homework
and assessments” (p. 28).

Because most of the mathematics identity literature is about the K-12 population, there
are more available recommendations to support and cultivate positive mathematics identities in
K-12 than in higher education (Boaler and Greeno, 2000; Cobb et al., 2009; Martin, 2000;
Walker, 2012) that have resulted in a wave of mathematics teaching reforms such as those
suggested by Boaler (2002). However, these initiatives, reforms, and pedagogical approaches
have scarcely appeared and are seldom integrated in higher education, especially in community
colleges in which the majority of incoming students are placed in remedial mathematics. There is
a need to increase the coherence of the teaching of mathematics and mathematics curriculum
between K-12 and post-secondary education to ease students’ transition. Professional
development for instructors teaching remedial mathematics can be a source of knowledge about

teaching and learning mathematics in post-secondary education.
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Because all remedial mathematics participants described a lack of sense of community
during class, it is vital to consider activities in which students can interact with each other and
perhaps integrate opportunities in which students can share their unique experiences to enrich
class discussions. Having participants write short mathematics autobiographies as a first
homework assignment presents a great opportunity for instructors to get to know their students.
Perhaps adding questions about their work experiences or hobbies to this study’s autobiography
writing prompt can be utilized as another source of material for instructors to research in
preparing their lessons that would not only be personalized, but might open the door for students
to be active participants in and contributors to their mathematic learning.

Because successful non-STEM major female students showed that they were willing and
able to do mathematics at various points in their education prior to entering a business college, it
IS necessary to address the factors that contributed to their choosing not to further their studies in
mathematics. Boaler, William, and Zevenbergen (2000) argued that one of the more prevalent
problems in mathematics education is successful students giving up mathematics as soon as they
have the option. Moreover, Dweck (2008) argues that students who believe that their
mathematics ability is fixed are “at a significant disadvantage compared to students who believe
that their abilities can be developed (a growth mindset)” (p. 2). For Carmen, one can argue that
her years of struggle have made her believe that her ability to do mathematics is the same since
middle school and there is not much she can do to change that. Carmen’s mindset has perhaps
not allowed her to reach her mathematics potential.

Because mathematics was an important link between family and successful students, it is
vital to continue the conversation in finding ways to have parents involved in students’
mathematics education. Parent education programs such as FAMILY MATH and MAPPS are
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models to follow to increase the involvement of parents in their children’s education. Enriching
the communication between teachers and parents can promote a positive image of mathematics
learning and can counter any negative experiences that parents may have based on their own
mathematics learning experiences (Aguirre, Mayfield-Ingram, & Martin, 2013).

This study showed that some successful non-STEM major female students’ turning point
occurred when they reach their higher mathematics courses in high school. The participants
described these courses as challenging and not applicable to the real world. Those courses
required students to perform activities and see mathematics in a different way than they have in
the past. They took longer than before to complete these new activities, and for some of them, it
was a sign of failure and disenchantment with mathematics. These experiences made them feel
that mathematics was not the subject for them. It is necessary to implement initiatives that
consider the different needs of the “second tier” in order to increase retention of female students
in mathematics widening the mathematics pipeline (Tobias, 1990).

Implications for Future Research

Some of the limitations of this study may be viewed as opportunities for future studies.
This study took place in one business college. All students were pursuing business degrees. It
will be of much interest to see if other non-STEM female students pursuing other non-STEM
fields share similar mathematics identities and learning mathematics experiences.

This study took place in a business college where the majority of the students are female.
It would be valuable for a study to explore non-STEM female students’ mathematics identities in
a more mixed-gender environment to see if taking classes with more male students either might

intensify or reduce women’s negative mathematics identities. Furthermore, a further study can
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explore the perceptions of mathematics found among the participants of this study along with the
mathematics identities held by them to see if these hold true among male students.

Remedial mathematics participants’ evaluation of the online textbook was that it was
useless, and some of them have never considered using it. Remedial mathematics students never
asked homework questions during class, and it seems that they did not see the textbook as a
resource. It would be of interest to explore the effectiveness of mathematics e-books and whether
the students’ usage (or lack thereof) outweighed e-books’ convenience.

Lastly, the mathematics education literature includes studies that used national surveys to
show that minority female students in high school have stronger and more positive beliefs about
mathematics than their white counterparts (Riegle-Crumb, 2006; Walker, 2001). A large scale
study of mathematics identities of female minority students would contribute to the
understanding of school and community factors that influence their decision not to pursue
mathematics in post-secondary education.

Conclusions

This study was able to capture a glimpse of the wide range of mathematics identities of
non-STEM major female students and the factors that have shaped them. It was noticed that the
mathematics identities held by those in remedial mathematics were influenced by the same
factors as those in non-remedial mathematics courses; however, significant differences were
observed in how these factors affect successful and non-successful non-STEM female students in
these particular mathematics courses. These factors included beliefs about having a natural
ability to do mathematics, or the lack of it, and the idea that someone successful in mathematics
has to be able to do ‘mental mathematics’ and solve problems in the blink of an eye. Other

noticeable themes emerged about what “kinds of”” doers of mathematics non-STEM female
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students are and the importance of emotional, personal links to mathematics. It was noticed that
non-STEM major female students that identified as having an emotional link to mathematics,
such as Clarissa, for whom mathematics makes her think of her dad and the bond they shared
over mathematics, and Regina, who felt that her family shared a mathematics bond, were
successful. Rosa’s mathematics experience changed drastically after losing that special bond
with her grandfather.

Furthermore, the results of the second research question identified how mathematics
classrooms can either promote or prevent the development of positive mathematics identities. In
Regina’s case, it was not a question about misplacing her in remedial mathematics, as she
displayed on occasion difficulty in performing simple algebraic manipulations given her
tendency to follow rules and steps. The remedial mathematics classroom did not give Regina the
opportunity to position herself as a successful student and displayed the same traits of success as
she had done in her prior mathematics experiences.

The third research question allowed readers to know the participants in a close and
personal way. It gave the opportunity to learn about Chloe’s history and experience in the non-
remedial mathematics classroom. Chloe, a non-successful student, did not find the much-needed
support that she needed from her instructors and peers given the structure of the class. Chloe
displayed willingness to be part of a community of mathematics learners, but felt she didn’t have
the skills, ability, and confidence to engage in the exercise portion of the lesson. Chloe was able
to contribute to the class what knowledge she had gained from her business courses and tried to
be successful in math class using the same techniques, such as reading her textbook, but her

efforts were not enough to fully integrate into this community of mathematics learners.
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Finally, the experiences of this group of non-STEM female students may not have
captured the range of experiences of all female students pursuing non-STEM majors. However,
their experiences in these two particular classrooms illuminated how this population perceived
mathematics and their place within the community of mathematics practitioners. Being “good” in
mathematics is not a luxury or a career advantage of a few; more typical non-STEM occupations
are requiring STEM skills (Casey, 2012). Failing to understand and address the issues affecting
the mathematics learning of non-STEM students will have critical implications for their career

opportunities as well as the quality of their experiences as global citizens.
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APPENDICES
Appendix A

Pilot Study

Sample. The pilot study began during the 10th week of the spring 2014 semester as part
of a group project led by the author, which included three other students. The participants were
identified and recruited by their instructors given the time constraint and access to the students at
the same college where the full study took placed. There were two instructors involved in the
pilot. Both of them highly qualified to teach both courses based on their teaching experience and
academic credentials. The instructor that participated in this study was teaching the non-remedial
mathematics class during the pilot. Three participants were recruited from the non-remedial
mathematics class and the remaining three students were recruited from a non-remedial
mathematics class. Students participated on a volunteering basis; they did not receive any form
of compensation. A total of six students participated in the pilot study.

During the pilot, the participating students volunteer an electronic copy of their math
autobiographies they submitted as the first homework assignment. Martin’s (2000) framework
was to develop the initial coding scheme. All members of the team individually coded the all the
autobiographies and met to compare findings. There were a few cases where the coding of all
four members did not agree. The group took the time to go back to the portion of the
autobiographies and discuss the full context of the students’ quotes. The whole team came to an
agreement on the coding and identification of additional emerging themes.

A matrix was then used to organize the data in which quotes from the autobiographies
were placed in each category. The categories were: Ability to perform, importance of math

knowledge (value of math and math as a tool), constraints, opportunities, motivation (internal
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and external [peers, family, other]), strategies (self-reliant and outside help), teachers (teaching
ability/control of class), attitude (positive, negative, comparison with other classes) and learning
style.

Based on Martin (2000) and Larnel (2011) an interview protocol was developed for in-
person interviews to be conducted at each student’s convenience. The information gathered from
the autobiographies was key in the selection, modification and writing of interview questions.
The interviews were semi-structure giving room to the addition of questions during individual
interviews to gather more information on the themes brought up by the participants. Students
were each interviewed and recorded by audio only. Each interview lasted approximately 20
minutes. Students were only interviewed once. Interviews were transcribed and the same method
of coding as for the autobiographies was applied. Overall themes of each mathematics class were

identified in order to compare and contrast.

Pilot implementation limitations. One of the limitations of the pilot was the time
constrains to recruit from a larger pool of students. Having instructors involved in the recruiting
process may have caused participants to self-select, where the participant pool did not represent
the entire population of students. Also, it was likely that the results may have skewed given the
recruiting process. For example, the instructor perhaps only reached out to students with whom
they have developed a relationship or interacted more than the rest of the class.

In addition, there was no opportunity to test all of the other instruments use in the study

such as the questionnaire and time to conduct a second interview.
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Findings and recommendations for improvement from the pilot study. From
conduction the pilot, there were two emerging themes that were not part of Martin’s (2000)
framework. Students identified the learning center as a place where they feel their learning took
place. Students’ views and perceptions of the learning center fitted the description of what
Walker (2014) termed as a “mathematics space.” “Mathematics spaces” were added as one of the
themes in the coding scheme for both the mathematics autobiographies and transcriptions of both
interviews in the full study.

Another prominent theme in literature and in the data collected in the pilot was students’
belief battle between ability and effort that was added as well to the coding scheme. Students in
the remedial mathematics class, showed a detachment from their mathematics achievement as
well as a weaker identification with mathematics than non-remedial mathematics students. They
mostly attribute their success to effort and to the support of others such as teachers or tutors. In
this study, students in remedial mathematics not only were more likely than non-remedial
mathematics students to attribute their success to effort, but they also did not take ownership of
their achievement. Ownership of mathematics achievement is also part of the coding scheme.

The second interview protocol is based on the work of Cobb et al. (2009), items adapted
from the interview protocol that appeared in Larnell (2011), and original items based on some of

information gather during the pilot.
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Appendix B
Questionnaire

Student Name:

1. Age

2. Gender. Please circle your answer: Male Female

3. Ethnic Background. Please check the one that best describe you:

African American Asian American American Indian
Latino/a Pacific Islander Filipino
White American Other

4. What year are you in college? Please circle your answer:
Freshman Sophomore Junior Senior
5. What is your current type of college enrollment? Please circle your answer:
Full-time Part-Time

6. How many classes did you take in high school? Circle all that apply:

Basic Math Algebra 1 Geometry Algebra 2

Trigonometry PreCalculus AP Calculus AB AP Calculus BC

Please list the names of other math classes you have taken in high school? Use the back of the
sheet if you need additional space:

7. In what year(s) did you take mathematics in high school? Check all that apply:

Freshman Sophomore Junior Senior

8. What grades do you usually get in mathematics class? Check all that apply:

Mostly F’s Mostly D’s Mostly C’s Mostly B’s Mostly A’s
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9. How long has it been since you completed your most advanced high school mathematics
course? Circle all that apply:

0-12 months 1-2 years 2-4 years 5+ years
10. Is this the first time you are taking this class? Yes No
11. Is this your first mathematics course in college? Yes No
12. Is this the recommended course base on your SAT/ACT score? Yes No

13. Do you feel your SAT/ACT score was a good indication of your knowledge about

mathematics? (1= not at all; 3= maybe/ possibly; 5= very much)

14. What was the highest level of education for your male parent or guardian? (Check the option
that best describe your answer)

Did not finish high school Some college Graduate school
High school Four years of college

15. What was the highest level of education for your female parent or guardian? (Check the
option that best describe your answer)

Did not finish high school Some college Graduate school

High school Four years of college

16. How successful are you in mathematics? (1= not successful at all; 3= somewhat successful;

5= very successful)

17. How capable do you feel solving mathematics problems? (1=not capable; 3= average; 5= very

capable)
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Appendix C

Mathematics Autobiography

In this short narrative, please consider the following questions. What are your early
recollection of mathematics and who was involved? Have your experiences in mathematics
change throughout the years? What have been the role of your family and friends in supporting
your learning of mathematics? When you needed help with your mathematics class, who assisted
you? Describe your personality in the mathematics classroom and is that different in other
classes? Talk about a long lasting positive or negative memory about your experience in
mathematics? How important has it been for you to do well in mathematics? Talk about your
parents’ (guardian’s) expectations of your performance in mathematics? How important has
mathematics been in your academic and personal life? Please include any relevant information

about your lifetime experience with mathematics.
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Appendix D

Interview #1 Protocol

Background

How would you describe yourself?
How would you describe yourself as a student?

Please tell me about your education and career goals? Do you think you need mathematics for
that?

Please tell me about your most memorable mathematics teacher? What was so special about
him/her?

When you hear the term mathematics, what do you think about? What life experiences come to
mind? Please explain.

Tell me about your earliest memory about mathematics. Who was involved? Where did it took
place? What is a positive or negative experience?

Do you think that there are more women who like mathematics or more women that do not like
mathematics? Why?

School

Please describe your school (its environment, administrators, support services, students, and
instructors).

Please describe the environment in your classes? What do you like and dislike of your classes? Is
that different in your mathematics class?

What is your favorite school subject? Why?

As a student, what are your grade expectations? How does getting a C make you feel? Is that
different for mathematics class?

How important is mathematics for you in comparison to other subjects you are taking?
How important is mathematics for you outside school?
Did your elementary/secondary teachers support your mathematics learning? If so, how?

If you can change anything in your current school experience, what would you change?
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Class
Describe yourself as a mathematics student?
How often do you participate in class? Is that different in your mathematics class?

Have you ever have trouble completing your mathematics homework? If you do, do you seek
help?

What makes someone successful in mathematics? Please explain.
In your mathematics class are you in the top, middle, or bottom of your class?

Would you take more mathematics classes than what is required?

Peers
Please describe your friends? Are they high or low achievers?
Are your friends interested in mathematics? Are they good in mathematics?

Please describe the students that you socialize with inside and outside the classroom; what
qualities do you look for?

Do you talk to your friends about mathematics?

Do you like other people to think that you are good or bad in mathematics? Please explain.

Family

If you were to identify one of your family members that is mathematically incline, who would
that person be and why?

Do you talk to your family about mathematics?
How important is it to your family for you to do well in mathematics?

What have been the role of your family in your learning of mathematics?
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Appendix E

Interview #2 Protocol

1. How would you describe your high school academically?

2. How would you describe yourself academically as a high school student?
3. Please describe your high school mathematics courses?

4. Which was toughest mathematics course in high school? Why?

5. Please compare your current mathematics course with your toughest mathematics course in
high school.

6. Which was your favorite mathematics course in high school? Why?

7. Please compare your current mathematics course with your favorite mathematics course in
high school.

8. How are you doing overall? In non-math courses?

9. How are you doing in this mathematics course? If the semester ended today, what would be
your grade? Would you be satisfied with that grade?

10. What is going well for you in this class? Please tell me about any challenges you encounter
in this class?

12. What would you change about your experience in your current mathematics classroom?
13. What would you change about your class participation in this class?

14. How would you describe your classmates’ math performance? Are they good at math? Are
they all at the same level of mathematical competence?

15. Please describe your in class responsibilities as a math student in this class; what is expected
of you in this classroom? Is that different from other classes?

16. What changes in the course may help you in your overall performance in this class?

Pace of the course

Interacting with other students

Interacting with instructors

Frequency of the class per week

Length of the class

Other course resources (e.g. curriculum, textbook, other)?

hD OO0 o

17. How would you describe your interaction with your instructor?
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18. How would you describe your interaction with other students in your class? How often do
you work with other students during class and outside class?

19. Do your parents/family know about your current mathematics class? What do they think
about it? Have they play any role in supporting your learning the material for this course?

20. What do your friends think about your current mathematics course? Are they supportive?

21. Compare your overall experience in this mathematics course with your prior experiences
with mathematics?
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Appendix F

Classroom Observation Protocol

Date Class:

Topic or topics:

Purpose (objectives):

Intended outcomes:

Materials Used (teacher-made, manufactured, district or department-developed; characterization
of materials):

How students will be assessed (for this lesson):

Introduction to Lesson:
Provides introduction/motivation/”’invitation”; explains activity and how it relates to previous
lessons; assesses students’ prior knowledge

ACTIVITIES
(Fill out as observing classes)

Activity | Individual | Group Description Duration Teaching Assessment
Content; nature of aids/materials | strategies
activity, what used
students doing,
what teacher
doing;

interactions.
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OTHER OBSERVATIONAL DATA
1 - Description of the classroom:

2 - Time not devoted to teaching and nature of non-academic or procedural activity (e.g.,
management, announcements, discipline); description of non- instructional event:

STUDENT DATA
(Fill this out during/after the classroom observation.)
1 - Number and gender of students;

Student Behaviors:
I. Most students most students were

most students are on task most students are off task

Describe:

I. Students interact with each other around:

non-academic or procedural issues content issues

Describe:
I11. Are students hesitant or enthusiastically to participate in the discussion/activity? Describe.
IV. Students look for:

for correct answer
accept or revise their “hypotheses” based on evidence

Describe:

VI. Students: do not reflect on others’ ideas
reflect on others’ comments/ ideas

Describe:
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VII. Students: seek information to complete the assigned work
seek clarification of conceptual understanding

Describe:

V1. Percent of students contributing to the discussion:

Instructor Role:

Instructor is: source of knowledge
facilitator
Describe:
Instructor’s questions/comments seek: memory/ facts
comprehension/opinion
Describe:

Classroom Activities:
1) algorithms heuristics
Describe:
2) Emphasis:

Real world applications

Abstract
Describe:
General:

a) Describe the interaction between teacher and students and among students.

b) Describe the discourse use during class.

c) Describe and identify the components of how the lesson was conducted.
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Other Notes:

Observer’s summary (To be fill out after class observation)
For the overall summary, consider the following questions:

What are students’ general classroom obligations (focus on the distribution of authority)? What
counts as mathematical competence and understanding? What students were accountable for
mathematically? What forms of agency students exercise (conceptual or disciplinary**)?

*Students’ specifically mathematical obligations (Cobb, 2009):
I. Standards for mathematical argumentation
I1. Standards for normative ways of reasoning with tools and written symbols

**Conceptual agency: choosing methods and developing meanings and relations between
concepts and principles; Disciplinary agency: using established solution methods (cf. Hull &
Greeno, 2002).
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