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ABSTRACT

THE IMPACT OF COLLINS WRITING ON STUDENT ACHIEVEMENT IN THE
ALGEBRA 1 CLASSROOM

By
Roger W. Freed
May 2020

Dissertation supervised by Dr. Launcelot Brown
This dissertation investigates the impact that Collins Writing has on student
achievement in the Algebra 1 classroom. The study is grounded in Vygotsky’s
constructivist learning theory. It also utilizes the conceptual framework created by the
Pennsylvania Comprehensive Reading Communication Arts Plan and the Teaching for
Robust Understanding (TRU) Framework to frame the study. This mixed-methods study
uses qualitative data collected from four teacher participants through interviews,
observations, and review of lesson plans. Quantitative data was gathered from a two-year
comparison of student scores on classroom based common assessments aligned with the
PA Common Core Curriculum. Both the qualitative and quantitative data point to the
positive impact that Collins Writing can have both on student achievement and effective
mathematics instruction.
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THE IMPACT OF COLLINS WRITING ON STUDENT ACHIEVEMENT IN THE ALGEBRA
1 CLASSROOM
Chapter 1: Introduction
Over the years, education in the United States has seen a variety of reforms. These
reforms have often changed the landscape of education, how educators are trained, and how they
deliver instruction. Hwang, McMaken, Porter and Yang (2011) state that perhaps the largest
national education reform came in the form of the Common Core State Standards (CCSS),
released in 2010. The CCSS sought to standardize a curriculum across the country, especially in
the areas of English and Mathematics. These standards were designed to prepare students to be
“career and college ready” (Common Core State Standards Initiative, 2010, p. 5). With this
reform to education, a greater emphasis was placed on critical thinking, reasoning and literacy in
the content area.
For the purpose of this study, I will focus on the importance of a literacy-based approach
in the mathematics classroom. The importance of mathematical understanding to real world
problems is of obvious importance, however, studies continue to indicate that many American
students struggle with mathematical content. According to Shakerdge (2016), more than half of
all college students receive a grade of D or F in college Algebra. In addition, trends show that, of
the students attending community colleges, more than seventy-five percent fail a required
algebra course which is one of the factors leading to them dropping out of college (Hacker,
2012). While students who are required to take Algebra in college have not taken advanced math
courses in high school, this statistic is still concerning. Hacker goes on to state that when
compared to other subject areas, students receive twice as many Ds and Fs in mathematics
courses. This underscores the importance of mathematical foundation knowledge that is taught at
middle and high school levels. This foundational knowledge is critical to addressing the alarming
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failure rate of students who go on to further education. While the CCSS has been designed to
prepare students for these post-secondary options, its focus on real life word problems, reading,
and writing to express mathematical thinking has led to even lower passing rates on state
assessments where the CCSS have been implemented (FairTest Examiner, 2013). This could be
attributed to the fact that teachers were in their initial implementation stages of the CCSS and
many had not changed their practice to address this type of thinking and reasoning in the
mathematics classroom.
One of the most important responsibilities of any secondary school should be preparing
their students for life after high school. Part of the CCSS focus was to help push schools to better
prepare their students to be contributing members of society. The CCSS were designed to help
prepare students to think deeply about content, not just memorize process and steps to solving a
problem. The CCSS describe how literacy should be implemented across content areas. For
example, in Mathematics, students are expected to be able to explain each step in solving a
simple equation and construct a viable argument to justify a solution method. In Science,
students are expected to compare and contrast findings presented in a text to other sources and
translate quantitative or technical information into words and vice versa (CCSS, 2010)
While literacy across the content areas is not a new concept presented in the CCSS, for
the first time, standards that were intended to be common across the entire country addressed the
importance of students understanding and explaining content through the literacy strategies of
reading, writing and speaking in the content area (CCSS, National Governors Association Center
for Best Practices & Council of Chief State School Officers, 2010). To this end, schools began to
stress the importance of literacy across all content areas. For example, at Williamsport High
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School in Williamsport, PA, literacy strategies became a mandate for teachers to implement in
their content area. However, it became evident that teachers were not prepared to infuse literacy
into content areas. This was especially true in the area of mathematics.
Mathematics teachers, much like other content area teachers, tend to teach mathematics
in the way that they were taught and the way that they themselves learned mathematics (Hora &
Oleson, 2013). For many years, the focus of mathematics instruction was on the process to get to
the right answer. Teachers focused their instruction on memorizing a process rather than
understanding the concept that was being taught. This mode of teaching mathematics was
perhaps due in part to the No Child Left Behind Act (NCLB) (2001). The NCLB was an
education reform signed into law in 2001. NCLB put greater emphasis on standardized testing
and tied funding to achievement on these tests. Because of this, teachers around the country
focused a great deal of time on test preparation, preparing students to answer multiple choice
questions and know the process of getting to the correct answer (CCSS, NGA & CCSSO, 2010).
The CCSS was, in a way, a response to NCLB. The CCSS placed less of an emphasis on simply
getting the correct answer to a mathematical problem and more of an emphasis on understanding
and expressing the reasoning behind the answer.
It quickly became evident that mathematics educators would need to shift their practice
from rote memorization of facts and processes to a more literacy based, mathematical reasoning
focused instructional model. In fact, the CCSS have much more literacy based and reasoning
standards than they do process standards. For this reason, literacy in the mathematics classroom
became more than just a mandate—it became a necessity in order to develop students who are
mathematical thinkers and communicators. Not only was this necessitated in classrooms, but it
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was also shown as a best practice for teaching mathematics from the National Council of
Teachers of Mathematics (NCTM) (NCTM, 2009).
One of the states to adopt the CCSS was Pennsylvania. In Pennsylvania, the CCSS
ushered in a new form of testing at the secondary level called the Pennsylvania Keystone Exams
(Pennsylvania Department of Education, 2019). These exams focused on end of course exams in
the areas of Literature, Biology and Algebra. The Algebra Keystone Exam placed a greater focus
on mathematical reasoning, reading, and writing to explain mathematical thinking and processes.
This brought about radical change in the way that mathematics teachers were expected to deliver
instruction.
At Williamsport Area High School (WAHS), in Williamsport, Pennsylvania, the
administration mandated reading and writing in all classes on a daily basis for the 2011-2012
school year. With this mandate, teachers participated in professional development related to
infusing reading and writing in each content area. Trainings occurred through the Penn Literacy
Network (PLN) on strategies to implement within the classroom. One of the key elements
involved in this training was a focus on Collins writing. Collins writing
provides a proven, unified, research-based writing program that can be used in all
classrooms, in all subject areas, and at all grades K-12. It equips all teachers with writing
strategies designed to help students understand and remember content like no other
teaching technique. (Collins, 2017, p. 1)
This directly impacted the mathematics classroom as well. Mathematics teachers would
ask students to explain the process they chose to find a solution to a problem, justify why their
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process is the most logical way to solve a problem, find errors in mathematical processes and
explain what the mistake is and why it was incorrect, among other prompts. This showed
significant positive results. Mathematics proficiency, as measured by the Pennsylvania System of
School Assessments (PSSA), increased from 49.1% in 2010 to 69.6% in 2013. Of particular
importance was the significant growth in the subgroups identified by the Pennsylvania
Department of Education (PDE). For example, students considered to be economically
disadvantaged increased from 32.5% to 57.1%, and students with an IEP increased from 8.1% to
26.9%. Similar results were also seen on the English and Writing PSSA’s (Collins Writing
Program Implementation Profile, 2013).
In 2013, the new Pennsylvania Common Core tests, the Keystone Exams, were
administered for the first time. The Keystone Exams differ from the PSSA’s in several ways. The
Keystone Exams are end of course exams. The PSSA’s were administered at the end of students
eleventh grade year and covered standards from all areas of mathematics, science and literature.
Additionally, the Keystone Exams are aligned with the Pennsylvania Common Core which
require more conceptual understanding of content standards rather than process standards. The
Keystone exams also differ from the PSSA’s in that they put a greater focus on literacy in the
content area in open ended, critical thinking and reasoning questions. This placed even greater
emphasis on the importance of literacy within the classroom to promote the type of mathematics
that would be needed to prepare students for career and college. While the growth mentioned
above was significant, and came at the appropriate time due to changes in the state and national
education reform efforts emphasizing such concepts as reasoning and sense making, a change in
administration in 2014 would cause the focus on writing and reasoning in the classroom to phase
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out. New teachers were not exposed to the same type of professional development and
understanding of the importance of mathematical reasoning, writing, and communicating as were
previous teachers.
According to data released in the summer of 2018 regarding the Williamsport High
School by PDE, 65.2% of all students who tested were proficient on the Algebra One Keystone
Exams in the spring of 2018. There were 351 students tested for their first round of Keystone
Exams. Of these, only 19.4% of Special Education students were proficient on the exam. The
report also showed that 56.3% of economically disadvantaged students, 43.7% of Black/African
American students, 66.7% of Multi-Racial students, and 69.3% of White students scored
proficient on the exam (Pennsylvania Department of Education Summary Report, 2018). While
these scores are higher than the state average, they represent areas of needed growth.
When the data are examined more closely, of the 209 students who were enrolled in an
Algebra 1 course in 2018, the average points scored on the Keystone Exam multiple-choice
questions was 22, out of a possible 36 point total. This means that students scored about 61%
correct on multiple-choice questions. On the constructed response questions, the average was
eight points out of a possible twenty-four point total. This means that students scored around
33% correct on the constructed response questions (Pennsylvania Department of Education,
2018).
Looking at these data, it is evident that there is room for growth across the board. It is
also clear that students are scoring much better on the multiple choice questions than they are on
the constructed response questions. The constructed response questions require greater in-depth
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thinking and mathematical reasoning skills. They also require reading, writing and reasoning
skills at a deeper level. This is precisely why there is a need for a literacy-based approach to
teaching within the mathematics classroom.
As a principal of Williamsport Area High School, I have the responsibility to ensure that
all students are provided with quality mathematics instruction. In my role, I assist teachers with
implementation of best practices within their classrooms, monitor its implementation, and assess
the outcomes through achievement scores and teacher and student feedback. In order to
implement a literacy based approach in the mathematics classroom, I first planned professional
development on the research behind a literacy-based approach. Professional development also
included an emphasis on how to implement such an approach in a classroom and how to cultivate
a classroom environment that views curriculum decisions through the four lenses of the
Pennsylvania Literacy Network (PLN) framework and the Teaching for Robust Understanding
(TRU) framework.
In addition to my role as a principal, I am uniquely positioned to support mathematics
teachers due to my background in education. I was hired in 2011 as a mathematics teacher at
Williamsport High School. This was during the initial implementation of Collins writing. I was
able to see the improvements in my students’ mathematical reasoning and thinking skills through
a greater emphasis on literacy-based strategies. As a former colleague, current teachers and new
mathematics teachers have a greater respect for the work that I was able to accomplish in raising
achievement scores within the Algebra courses that I taught. It is a combination of personal
experience, educational research and the relationships that I have with teachers that helped with
the implementation process.
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Implications
As described already, and will be described in greater depth during chapter two, this
particular study has far-reaching social justice and equity implications. In the context of
Williamsport High School, 69.3% of White students scored proficient on the Algebra 1 Keystone
Exams, while only 43.7% of Black students scored proficient. In addition, only 19.4% of Special
Education students scored proficient on the same exam. Of the students who are considered
economically disadvantaged, only a little over half scored proficient (Pennsylvania Department
of Education Summary Report, 2018).
While the literature review will discuss the benefit that writing within the mathematics
classroom can have for all students, it will be particularly important to the subgroups of students
listed above. Mathematics scores, both in mathematics courses and on standardized tests, weigh
heavily on post-secondary options. Many colleges use SAT scores combined with course grades
in mathematics as they are making decisions about admission to college. Students interested in
the military are required to take the Armed Services Vocational Aptitude Battery (ASVAB) test
which requires strong mathematical content knowledge. While the ASVAB does not assess the
reasoning that is expected in the CCSS, it does require knowledge of arithmetic reasoning and
mathematical content knowledge. I would argue that implementation of the CCSS can help
students to understand the mathematical content in a deeper way and can lead to greater
mathematical understanding for this type of assessment as well.
The equity issue does not stop at acceptance to a post-secondary institution. Shakerdge
(2016), showed that more than half of all college students receive a grade of D or F in college
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Algebra. Hacker (2012) states that more than 75% of students attending a community college fail
an algebra course, making it a leading reason for them to drop out of college. In order to change
this, a greater focus on developing students’ mathematical content knowledge is imperative.
Implementing writing within the mathematics classroom could be one way to accomplish
this goal. While this will be discussed in greater depth in chapter two, writing within the
mathematics classroom requires students to think deeply about the concept they are writing
about. When students write about their thinking, they are activating prior knowledge, often
relating mathematics concepts to their own experiences. Their writing is a communication tool
that allows them to discuss mathematical concepts and ideas and make necessary connections to
real life and prior knowledge, which leads to greater understanding of the relationships that exist
between mathematical concepts. In addition, it helps students to communicate their thinking in
writing, which in turn, allows the teacher to read their thoughts and identify misconceptions.
This can help the mathematics teacher to quickly re-teach concepts and identify areas of greater
need.
Research Questions
The following research questions guided this study:
1. To what extent does writing within the mathematics classroom affect student
achievement as measured by assessments aligned with the PA Keystone Exams?
2. What evidence is there that writing within the mathematics classroom helps the teacher to
deepen student understanding and assess students understanding of mathematical
content?
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The purpose of this study is to determine the impacts that teaching mathematics through a
literacy-based approach can have on mathematical achievement, as measured by assessments that
are aligned with the PA Common Core Standards. While significant increases were shown in the
past when students were taught through a literacy-based approach using the PLN Framework,
these increases occurred at a time when the school focused its efforts on a variety of other
interventions as well. This study focuses on the impacts that implementing writing in the
mathematics classroom, through the use of the PLN framework, has on mathematical
achievement.
In chapter two, I examine the literature surrounding the importance of literacy within the
mathematics classroom—focusing particularly on the writing process. The shifts in mathematics
education as a result of the NCTM Standards and CCSS will be addressed. Data will be reviewed
that show the benefits writing within the mathematics classroom can have not only on
mathematical achievement, but also in cementing student understanding of mathematical
concepts. In addition, a review of the Collins Writing Program and relevant data from
Williamsport High School will be discussed. Chapter two will begin with a look at one
theoretical framework that will help to frame this study and one conceptual framework that will
be used in the study. In addition, one teacher observation framework will be discussed. Chapter
three will discuss the participants in the study, the professional development and interventions
that were implemented, and the methods that were utilized to collect and analyze data. In chapter
four we will discuss the results of the study and the data that was collected will be presented.
Chapter five will discuss the findings and present what these findings mean in the educational
setting and for future research.
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Chapter 2: A Review of the Literature
In this chapter, I examine a theoretical and conceptual framework that will help to frame
this study. In addition, I discuss the Collins Writing Program and I define literacy-based
instruction and review relevant literature related to mathematics instruction through a literacybased approach. The chapter concludes with a discussion on the relevance of mathematical
literacy and barriers that exist when implementing literacy-based instruction in the mathematics
classroom.
Theoretical and Conceptual Frameworks
As discussed in chapter one, mathematics instruction has changed significantly over the
last several years for a variety of reasons. Teachers have faced many challenges with the shift in
standards and expectations for increased mathematical reasoning and communication. This study
seeks to understand how writing within the mathematics classroom can improve not only student
achievement, but also teacher’s assessment of student understanding of mathematical content.
A theoretical framework and a conceptual framework anchor this study. The theoretical
framework I utilize is the constructivist learning theory and is based on Vygotsky’s Social
Constructivist Theory. In addition to the theoretical framework, I use a conceptual framework
that grounds the evaluation of literacy-based mathematical teaching in this study. I utilize a
conceptual framework by the Pennsylvania Comprehensive Reading Communication Arts Plan
which discusses the four different perspectives or lenses that a teacher must take when viewing
curriculum that leads to learning. In addition, the Teaching for Robust Understanding (TRU)
Framework will be utilized to structure classroom observations and feedback. These individual
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frameworks, when combined, help to make sense of the problem that exists. If mathematics
teachers can examine their practices through these frameworks collectively, they will be able to
understand the importance of a literacy-based approach to mathematical teaching and learning.
The work of Lev Vygotsky is central when considering theoretical frameworks that apply
to this problem of practice. Vygotsky’s work is one of the foundations of constructivism.
Vygotsky’s key ideas focus on the importance of social interaction in developing thinking, the
idea that social learning must precede cognitive development, the importance of learners having
access to a More Knowledgeable Other (MKO) and the Zone of Proximal Development (ZPD)
(Vygotsky, 1978). Constructivist learning theory focuses on the importance of the learner
constructing meaning by applying their prior knowledge. Vygotsky specifically focuses on how
social interaction within the zone of proximal development helps to construct this knowledge.
Vygotsky (1978) discusses the role that social interaction plays in the development of
cognition and meaning making. He states that
Every function in the child’s cultural development appears twice: first, on the social
level, and later, on the individual level; first, between people (interpsychological) and
then inside the child (intrapsychological). This applies equally to voluntary attention, to
logical memory, and to the formation of concepts. All the higher functions originate as
actual relationships between individuals. (Vygotsky, 1978, p. 57)
Vygotsky’s theory suggests that mathematics lessons that support students to first practice
mathematical reasoning in social contexts (e.g. by discussing, drawing, or writing out their
reason to share with others) are better able to internalize that reasoning so that they can transfer it
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in other settings.
He goes on to explain how this social interaction helps language to develop. He contends
that language plays two key roles in cognitive development:
1. It is how adults relay information to children.
2. It is a powerful tool of intellectual adaptation.
This is important to the context of this study. Classrooms strengthen reasoning in students
through both teacher and student discourse moves (WCER, 2017). Discourse moves by teachers
in the mathematics classroom help students to strengthen both reasoning and collaboration skills.
Teachers who understand the power of social interaction will provide opportunities for students
to construct viable arguments and critique the reasoning of others (CCCSI, 2010). If used in this
manner, social interaction within the classroom can become a form of adaptation for all students.
Of equal importance to his theory, is what he terms the Zone of Proximal Development
(ZPD). This part of his theory addresses the idea that a student’s potential for cognitive
development is dependent upon instruction occurring within their ZPD (Vygotsky, 1978).
Vygotsky states that the zone is an area where students are cognitively prepared to explore and in
order for students to develop, they require social interaction and support from peers or a teacher.
This builds on the first part of his theory that a student must be involved in social interaction to
reach their maximum learning potential. Teachers who understand this should create
opportunities for instruction that support students understanding and development of more
complex ideas and concepts. Teachers can do this through collaborative learning, literacy-based
teaching, scaffolding and discourse within the classroom (WCER, 2017). This will help students
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to build on prior knowledge and experiences to reach beyond their current ability (Schoenfeld,
2016).
In addition, according to Lantolf and Appel (1994), the role of ZPD is not just to scaffold
instruction or provide support to a learner to complete a task, but more importantly, to develop
the novice learner to the highest cognitive levels of learning through interacting with each other.
“As learners climb the ladder of development, more and more responsibility and control over the
functions at hand is gradually transferred to them in order to help them reach self-regulation or
autonomy” (Mahdavi & Miri, 2019, p. 55). As a learner connects prior knowledge with current
concepts and then communicates about this learning, through writing or speaking, learners begin
to climb that ladder of development. Ultimately, the highest level of learning is teaching, where
the learner becomes the teacher. The learner thus assumes the role of the MKO and can support
not only their own learning and understanding, but others as well.
Of particular importance to this study is how Vygotsky discusses the use of words and
development of conceptual thinking. Vygotsky asserts that children use words to communicate
well before they have developed understanding of that word (Vygotsky, 1978). When students
communicate mathematically with peers, teachers, or others through speaking or writing, they
are likely using mathematical language that they do not fully comprehend yet. However,
Vygotsky postulates that it is this type of language usage that is needed for a student to access a
deeper understanding of a concept. In fact, according to Vygotsky (1978), “It is a functional use
of the word, or any other sign, as a means of focusing one’s attention, selecting distinctive
features and analyzing and synthesizing them, that plays a central role in concept formation”. (p.
106) Additionally, Vygotsky states that students gain meaning of words through the
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conversations they have with the MKO and the more that students communicate, the more they
develop conceptually. Conceptual thinking is especially important in mathematics and the more
that students are able to communicate with the MKO and each other, the more complex their
thinking becomes. Because mathematics can be considered its own language, this type of
complex thinking is an important part of learning mathematics and being able to communicate
mathematically.
As is evident, constructivist learning theory is important to this study because it focuses
on the importance of social interaction and provides theoretical support for the use of language to
the learning process. In addition, it provides a framework with which one can view effective
mathematics instruction. Effective mathematics instruction must provide opportunities for
students to relate mathematics to real world problems, to build on prior knowledge, and to
interact with each other. Language is central to social interactions within a classroom. Providing
students with opportunities to read and write about mathematics will, in turn, help students to
speak about mathematics. This interaction between students as well as between the teacher and
students provides meaningful learning opportunities.
The conceptual framework connects four different lenses of learning to model how
learning takes place. The framework utilizes elements of Vygotsky’s theory. This conceptual
framework will be helpful in applying these lenses to the classroom. Lytle and Botel (1988)
wrote the Pennsylvania Framework for Reading/Writing and Talking across the Curriculum (K12). In this framework, they contend that learning takes place when instruction is planned to
incorporate the four lenses of learning: meaning centered, language based, human, and social as
shown in figure two.
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Figure 2.1. Four Lenses for Looking at Curriculum, Lytle and Botel (1988)
The first lens of the conceptual framework discusses learning as meaning-centered. This
lens “reminds us that the most fundamental concern of any learner is making sense” (Lytle &
Botel, 1988, p. 13). This lens addresses the fact that the writing process is one that helps the
learner to not only transcribe ideas that are already fully developed, but, more importantly, “the
act of composing itself brings us ideas and insights” (Lytle & Botel, 1988, p. 13). In this
particular lens, focus is placed on the meaning-making that happens when students read, write
and speak in the classroom. The prior knowledge of the learner plays an important role in the
learning process and language itself plays an important role in relating the new information to
the already known information. This helps the learner to make new connections and add to the
existing understanding that they possess. Vygotsky calls this construction.
The second lens looks at learning as being social. This lens focuses on the importance of
meaning making in a social context. Meaning is formed when learners collaborate with others.
Vygotsky’s Social Development Theory relates to this lens because the central tenant of this lens
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is that “social systems shape cognitive development” (Lytle & Botel, 1988, p. 16). The
intentional use of language in the classroom should provide as many opportunities as possible for
learners to use language in a way that mirrors the way that they use it as a member of society.
The opportunity for students to work in pairs or groups helps them to have an audience for their
writing, speaking, and thinking other than just the teacher, thus providing feedback to the student
throughout the process of sharing. Lytle and Botel (1988) go on to state that “as students interact
socially, they become teachers, shaping and elaborating on each other’s ideas” (p. 17).
The third lens focuses on learning as language-based. Language is used in all content
areas to make meaning and to accomplish a purpose. Lytle and Botel (1988) discuss the fact that
content area teachers often ask questions such as “How can I teach these students how to read
when I have to cover all this content?” (p. 18). They state that this is not only problematic, but
also unnecessary because content is “learned with and through language processes” (p. 18). They
provide an example of an attempt at teaching from a language-based approach through the use of
workbooks. Often, workbooks reduce learning to accomplishing a task rather than making
meaning. This is because they remove language from the context and, as a result, “lack the most
essential features of language in use and thus have little power as learning activities for
students…particularly when compared to the alternatives available in classrooms where reading
and writing are taught as meaning-making and social activities” (Lytle & Botel, 1988, p. 18).
Information, when taught out of context, is difficult to learn because it is abstract in
nature. This leads to only surface level learning and much of the content is not kept in long-term
memory as a result. When language is used to learn content, it becomes personal, individualized
to each learner. If a teacher creates an environment in his or her classroom where language is
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infused throughout each lesson and is used to encourage thinking deeply about the content,
students will not only make their own meaning out of the content being taught, but will develop a
greater understanding of the connections that current content has to prior and future learning.
The fourth, and final lens of learning is learning as human. This lens specifically focuses
on the “notion that all learners use language to make meaning in unique ways” (Lytle & Botel,
1988, p. 20). Students develop their own styles of writing and learning as they progress through
schooling. As students develop, they should become more independent learners in a variety of
situations. In order for this to happen, they must become reflective in order to gain knowledge of
their own thinking, also referred to as “metacognitive awareness”. Vygotsky (1962) explains
that this use of language is an integral stage in the student’s construction of concepts and
relationships between concepts and leads to an understanding of the world around us. When
students become more aware of their own voice, including their own writing, students are better
prepared to decide what strategies should be employed for a variety of learning activities.
Learning as human also centers on the importance of a positive learning environment.
Lytle and Botel (1988) argue that attitude greatly affects how people view themselves as readers
and writers and it is important that students see their learning as something that they are in
charge of rather than something that is done to them. This lens places particular emphasis on
allowing students to express their deep convictions and understanding of material in writing.
When teachers simply feed their students a diet of facts and textbook reading and writing, they
cannot become learners, but rather individuals who regurgitate facts. Central to the human lens is
the fact that
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Children read the world before they read the word; when they write a new text, they not
only represent but also transform the world. Looking through the human lens, then, we
see the enormous potential of language to empower individuals and groups to reflect and
to act on their worlds (Lytle & Botel, 1988, p. 21).
Implementing this conceptual framework within a classroom should yield benefits, not
just as evidenced by test scores, but also in developing students who are life-long learners. This
framework is one that, when viewed in combination with the work of Vygotsky, can help to
inform teachers on how to structure and implement a literacy centered classroom in any content
area. As teachers implement these frameworks in their classrooms, they will be contributing to
the knowledge and understanding of the “interrelationships of language and literacy, teaching
and learning, as played out in specific contexts” (Lytle & Botel, 1988, p. 21).
Teaching for Robust Understanding (TRU) Framework
The Teaching for Robust Understanding (TRU) Framework was designed to answer the
question “What are the attributes of equitable and robust learning environments—environments
in which all students are supported in becoming knowledgeable, flexible, and resourceful
disciplinary thinkers?” (Schoenfeld, 2016, p. 1). The TRU Framework discusses dimensions of a
classroom that are needed in order for student thinking to thrive. To that extent, the TRU
Framework consists of five dimensions of effective classrooms. These five dimensions are
explained separately and each dimension is discussed and applied to the mathematics classroom
using the TRU Observation Guide for Mathematics (Schoenfeld, 2016). This framework will be
utilized for this study because it is designed to support the professional development of teachers
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rather than serve as an evaluative tool. Also, it connects the elements of Collins Writing, the
Penn Literacy Network (PLN) Framework, and Vygotsky’s Theoretical Framework.
The first dimension of the TRU Framework is the content. For the purpose of this
research, the content comprises various topics and concepts taught in the Algebra 1 class. The
way students are asked to interact with the content will greatly impact the way that students think
about the content. For example, if “a mathematics class is focused on memorizing procedures,
there is little chance that the students in that class will emerge from it with either an appreciation
of the discipline or the understanding they need” (Schoenfeld, 2016, p. 4). Schoenfeld (2016)
goes on to argue that students learn to think like a mathematician when they are using their
reasoning skills to make sense of abstract concepts. When students experience the content as
mathematicians, they are more likely to become disciplinary thinkers.
Schoenfeld (2016) states that “if the mathematics isn’t rich, there is nothing meaningful
for students to learn” (p. 4), but he also discusses the idea that delivering “rich content…is just a
beginning” (p. 4). The purpose of the TRU Framework is to point out that, while rich content is
important, of greater importance is how students interact with and receive the content.
Schoenfeld discusses the fact that most people have experienced classes where the content was
too challenging, or they could not relate to the content. This leads to a lesson in which learning
cannot take place, no matter how well it is taught. This connects back to Vygotsky’s ZPD. If
students are to connect with the rich content that is being delivered, teachers must be able to
deliver it in a way that can reach all learners, no matter where they are cognitively. In addition,
learners will connect better to content that connects prior learning to the current. This is where
dimensions two through five of the TRU Framework become important.
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The second dimension, cognitive demand, is perhaps the most important of the five
dimensions to this study. This dimension ties together Vygotsky’s work, the PLN Framework,
Collins Writing and the TRU Framework. It does so by outlining the importance of providing
instruction for students that produces what Schoenfeld (2016) calls “productive struggle” (p. 5).
Schoenfeld (2016) points out that when students are provided work that is too simple, there is
little room for learning to take place. When they are provided work that is too difficult and there
is no way provided to learn this content, student learning will not occur. Therefore, “in order to
make sense of rich content, students need to engage in ‘productive struggle’” (Schoenfeld, 2016,
p. 5).
Teachers can optimize student learning by utilizing the four lenses of learning outlined in
the PLN Framework in conjunction with incorporating reading, writing and speaking activities
that target the ZPD. Teachers can do this by avoiding instruction that lists steps to solving a
problem or repeating a process that is modeled by the teacher. Instead, teachers should allow
discussions, ask clarifying questions, have students write about their thinking, and have their
students relate to the content or ideas about the content. In addition, teachers must always be
purposeful “in making clear that learning is not a matter of memorization, and that students get
better…by working hard at it” (Schoenfeld, 2016, p. 6).
Dimension three of the framework is titled equitable access to content. This dimension
discusses the importance of all students being involved in the lesson in meaningful ways. For
example, in most classrooms, there is usually a small number of vocal students. These students
typically respond to the questions posed by the teacher or other students. In order to create
equitable access to the content, teachers must allow opportunities for all students to participate in
rich classroom discussions. Schoenfeld (2016) discusses the inequities that have existed in
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education for quite some time, based on race, ethnicity, economic backgrounds and gender.
While certainly not the only solution to this problem, one of the ways individual teachers can
ensure equity in their classrooms is by creating multiple entry points to a lesson. Teachers can do
this by ensuring that all students have access to discussions and discourse within the classroom
and by creating tasks and discussions that allow all students to engage in challenging content.
Such tasks may include problems that can be solved in multiple ways, problems that involve
different content that may interest a variety of students, and problems that provide opportunities
for various student perspectives. In addition, teachers can show value to student input by
including all learners, no matter what their cognitive ability. For example, Schoenfeld (2016)
states that when a student answers a question in non-academic language, a teacher could ask
another student to restate the answer in more precise academic language. The same could be used
in reverse; a student could be asked to restate an answer that is given in precise academic
language in more informal language. This allows for all students to see their input as valid and
all students, no matter their cognitive level, to have access to the curriculum. In addition,
teachers could use writing to ensure that all students have the opportunity to respond to a
question that is posed. The writing could be shared with a partner or the class as a whole. While
this would increase participation, it could also be used as a formative assessment that the teacher
could use to gauge understanding of the content being delivered.
The fourth dimension is titled agency, ownership, and identity. This dimension focuses
on the way students are provided opportunities to have conversations about mathematical ideas
and build on these ideas and the ideas of others. In addition, it is also the dimension of the
framework that focuses on developing the identity of students, providing opportunities for
students to take ownership of the content in a way that develops their identity as a thinker and
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learner in the content area. Ownership in this dimension is “the difference between saying I’ve
reasoned this through and I’m confident it makes sense, and relying on external authority”
(Schoenfeld, 2016, p. 9). This is an important concept in relation to this study. Helping students
to develop this type of reasoning about mathematical concepts and providing opportunities to
communicate about mathematical ideas is a key component of the CCSS standards.
Schoenfeld (2016) discusses how students develop beliefs about whether they are good at
a particular subject or content area. He goes on to state that “such dispositions and identities,
often formed in the classroom, shape the ways in which people relate to the discipline for the rest
of their lives” (p. 9). This is something that the content area teacher can support students in
developing. If students believe that their thoughts matter and that they can be shared in the
classroom, they will more likely engage in and with the content and form an identity of being a
mathematical learner, thinker, and communicator.
The fifth and final dimension of the TRU Framework is formative assessment. This
dimension focuses on the opportunities that are provided to students within the lesson that elicit
student thinking and ways that a teacher or peers help to either deepen understanding or correct
student misunderstandings. Ultimately, formative assessments are the tools that facilitate access
to the rich mathematical content. According to Schoenfeld (2016), “formative assessment
involves orchestrating classroom activities that reveal the current state of student understanding
during the learning process” (p. 11). Formative assessments should be integrated within the
lesson and should shape how the classroom operates. The information gained from formative
assessments should be utilized to determine the activities that are needed to both clarify
misunderstandings and deepen current understanding of a concept. If teachers are providing
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opportunities for student thinking to be openly discussed, formative assessments can be easily
integrated into the lesson.
It is important to note that formative assessments provide valuable feedback not just to
the teacher, but also to students. Moss and Brookhart (2015) state that “to affect learning,
feedback needs to be used—and in the same learning cycle” (p. 142). They go on to explain that
students need to be able to use “feedback that feeds forward” from the formative assessment to
“revise work or extend thinking” (p. 142). With this type of feedback, students can identify if
they are making progress toward the learning targets for the lesson. Providing opportunities for
students to expand on their thinking, the thinking of others, revise their work, or judge their own
work against the “look fors” associated with the learning target, creates a classroom environment
where meaningful learning can occur. This type of feedback and pursuit of the learning target
will help students to regulate their own learning (Moss & Brookhart 2012).
Schoenfeld (2016) notes that this dimension “provides the support structure for
Dimension 2 (cognitive demand)” (p. 11). Schoenfeld goes on to make a powerful argument
regarding the writing process in every content area and then relates it to the formative assessment
process. He states that
In every discipline, multiple cycles of writing (pre-writes, outlines, drafts, revised drafts,
etc.) provide students with opportunities to refine their ideas and to improve their writing.
Sharing and critiquing ideas with other students place all students within a zone of
productive thinking, as well as providing opportunities for the refinement and ownership
of ideas. Thus, effective formative assessment (and the use of classroom structures to
support student interactions) supports the right levels of cognitive demand for students
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(Dimension 2) and opens up opportunities for the development of student voice
(Dimension 4). If supportive classroom norms are established, and the tasks have
multiple entry points (which supports rich disciplinary conversations), then the major
goal of equitable access (Dimension 3) is served as well. (p. 12)
The TRU Framework has been used to develop an observation guide for mathematics.
The framework is designed to be “a support system for collaborative partnerships between
teachers and observers” (Schoenfeld, 2016). This framework will be utilized to observe the
Algebra 1 classrooms that participated in this study. Because the framework is a support system,
it provides a series of activities that the teacher and observer should participate in before, during
and after the lesson observation.
First, it is helpful to think about what the experience in the classroom will look like and
feel like through the student’s perspective. The figure below shows the suggested questions that
should be asked prior to a lesson, when viewing it through the student’s perspective. When both
the teacher and the observer think about learning and thinking through a student’s eyes, it is
more likely that a cognitively demanding lesson will be planned, with multiple entry points for a
variety of learners.
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Figure 2.2. Observing a mathematics lesson from the student perspective, Schoenfeld (2016)
During the lesson, the observer can focus on one or multiple dimensions of the TRU
Framework. The TRU Framework is “a way of seeing and talking about instruction, and it
provides a language for thinking about it. After a few observations, it becomes a natural way for
teachers, coaches, administrators, and professional learning communities to talk about teaching”
(Schoenfeld, 2016, p. 3). Using the form in figure 3, the observer will record the “look-fors”
(Moss & Brookhart, 2009) for both student and teacher behavior (Schoenfeld, 2016).
Specifically, the form will focus on the teacher moves that could support the desired student
behaviors. Although this could be completed by listing student behaviors, the focus of this
observation tool is not to check off behaviors that are observed, but rather, to comment on the
observable behavior that the teacher and observer agree to aim for (Schoenfeld, 2016).
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Figure 2.3. TRU Observation Tool, Schoenfeld (2016)
After the lesson, it is important for the observer and the teacher to talk and think
collaboratively about the lesson. Implemented as intended, the observation tool will create rich
conversations about robust student thinking and learning prior to, during, and after the lesson.
Therefore, this framework provides not only an observation tool, but also the language about
student reasoning and learning that is needed to move such behavior forward in the classroom.
The post-observation discussion is one that will allow the teacher and observer to reflect on the
particular dimension or dimensions that were the focus of the lesson. In addition, it will become
a natural way for teachers, observers, and professional learning communities to talk about robust
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mathematics teaching and learning (Schoenfeld, 2016). An example of this for dimension two,
cognitive demand, is shown in figure four below.

Figure 2.4. TRU Framework Cognitive Demand Sample Observation Form, Schoenfeld (2016)
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Ultimately, the TRU Framework is one that helps to facilitate meaningful conversations
about mathematical teaching and learning. Perhaps most importantly, it goes directly to the core
of the issue of equity. Schoenfeld (2016) states that
The key point is that every student should be supported in developing a positive
mathematical identity (Dimension 4) through meaningful access and participation
(Dimension 3) to rich mathematical content (Dimension 1). That participation can only
be meaningful for a student if the level of cognitive demand is right for sense making
(Dimension 2), something achieved by formative assessment (Dimension 5). At the same
time, Dimension 3, Equitable Access to Mathematics, does need specific, focused
attention: teaching in ways that provide meaningful opportunities for all students to
engage with central mathematical content, and to build productive mathematical
identities, is extremely challenging. (p. 4)
Literacy-Based Instruction Definition
For the purpose of this research study, I will define literacy-based instruction using a
definition by Schmoker (2016), where he defines it as “the ability to read, discuss, and write in
the analytical, explanatory, and especially argumentative mode in every course, including
electives and the arts…skills invaluable in both the academy and the workplace” (p. 39).
Schmoker (2016) goes on to state that when you define literacy in this manner, it is viewed as
“the primary means of acquiring knowledge, thinking skills, and verbal facility” (p. 39).
Research continues to show how reading, writing and speaking are important elements of any
curriculum because they help students to not only develop their thinking, but articulate it. This
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view is shared by Gardner (2009) who argues that being literate and able to articulate one’s
understanding of content is critical to the learning process. This is because it allows students to
sequence their thinking as they go through the process of explaining and sharing their
understanding of the concept.
Literacy-based instruction practices have evolved over the years and have become more
pervasive across the curriculum as a result of the most recent education reform in the form of the
CCSS. One of the most transformative national education reforms in America has been the
CCSS. With the implementation of the CCSS, it is expected that students are thinking in-depth
about every content area and are solving real life problems. It creates a set of common standards
for all students across the country. The focus of the CCSS is to ensure that students are career
and college ready (Schmoker, 2018). The CCSS place greater emphasis on the representation of
students’ reasoning through writing, constructing viable arguments, comparing and contrasting
ideas, being able to support or contradict previous explanations or ideas, and translating
information from visual representations to words (CCSS, 2010). The need for literacy-based
instruction within the mathematics classroom has increased as a result. In a subject area that
many students find to be challenging and one where students at times struggle to apply content to
their own lives, it is imperative that mathematics instruction include literacy-based instruction to
prepare students for not only the Common Core testing, but also life after high school.
Over the years, many reforms have been implemented with the goal of improving the
education system and the resulting educational outcomes. Most are implemented for a period of
time until the next education reform is enacted. While the CCSS is an education reform, its key
focus is to prepare students for college and career. It specifically targets what teachers should be
doing to prepare students for either of these paths. Even with the implementation of future
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reforms, the fundamental focus of the CCSS, to prepare students for college and career, will
remain. Without doubt, reading and writing are critical elements in the learning process,
therefore, it makes sense that the CCSS has included reading and writing as literacy strategies as
a means to increase mastery of mathematics content (Shanahan, 2012).
The CCSS were released in 2010 and “represent an unprecedented shift away from
disparate content guidelines across individual states in the areas of English Language Arts and
mathematics” (Hwang, et.al., 2011, p. 103). The shift has led to a common curriculum
throughout the country that is intended to present a uniform curriculum that is internationally
benchmarked. This is designed to help prepare students for a global economy. In addition, the
aim of the CCSS is to “align instruction with this framework so that many more students than at
present can meet requirements of college and career readiness” (Common Core State Standards
Initiative, 2010, p. 5). Each state was left to implement these standards in their own way, but
funding was tied to the implementation or lack thereof.
In Pennsylvania, the CCSS were implemented throughout the 2012-2013 school year
with testing starting in the spring of 2013 in the form of the Pennsylvania Keystone Exams
(Pennsylvania Department of Education, 2019). Keystone Exams are assessments that are given
toward the end of a course and are designed to determine proficiency in Algebra, Biology and
Literature. There are additional tests that were released in the following subjects: Algebra II,
Geometry, English Composition, Chemistry, U.S. History, World History, and Civics and
Government. The only tests that the Pennsylvania Department of Education (PDE) has made
available to schools are the Algebra, Biology and Literature exams. These three exams are one
way that Pennsylvania high schools are measured regarding student academic growth and
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proficiency. In addition, they are one component of high school graduation requirements in
Pennsylvania.
In Williamsport Area School District, in Williamsport, PA, the implementation of the
Pennsylvania Keystone Exams drove the district to align their curriculum to meet these
standards. Teams of teachers and administration met over the summer of 2012 to align
curriculum to the newly formed end of course exams. Not only was the curriculum revised, but
teaching strategies surrounding the curriculum also were addressed. This included literacy based
strategies to match the greater level of critical thinking that was included on these newly
designed tests.
Since the Keystone Exams directly impacted the secondary level, curriculum and
teaching strategies focused specifically on Williamsport High and Middle Schools. At the high
school level, administration provided a mandate for the 2011-2012 school year that writing
needed to be integrated in all classrooms. This writing took on the form of Collins writing.
The Collins Writing Program
The Collins Writing Program was developed by Dr. John Collins. He is an
“acknowledged expert in converting research on writing and thinking into practical and timesaving teaching techniques” (Lucas, 2012, p. 136). Dr. Collins developed his writing program
with over twenty years of research and work with students and teachers. His work has been noted
for recognition by the National Council of Teachers of English (NCTE). Most of Collins work
focuses on writing across the curriculum. A central theme to Collins work is that writing
enhances the learning process in every content area. The Collins Writing Program
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provides a proven, unified, research- based writing program that can be used in all
classrooms, in all subject areas, and at all grades K- 12. It equips all teachers with writing
strategies designed to help students understand and remember content like no other
teaching technique. (Collins, 2017, p. 1)

Figure 2.5. Five Types of Collins Writing, Collins (2007)
Collins Writing is categorized into five different types of writing. While all five types can
be implemented in any classroom, Collins Type One and Type Two are the types that are most
practical and beneficial in the mathematics classroom. Teachers can use Collins Type One to
introduce topics in mathematics or to determine what students prior knowledge or experience is
with content or vocabulary. This can be powerful for teachers as they are able to then develop
lessons that students can relate to and also build on prior knowledge. In addition, type one is only
graded for constructive attempts, which helps to build students confidence and participation in
the writing and thinking process. The Collins Type Two is best used as a formative assessment.
With the Type Two prompt, the focus shifts from brainstorming and collecting ideas to assessing
correct thinking and correct answers. This type of writing engages the students thinking and
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reasoning skills and allows the teacher to see not only correct or incorrect answers and
mathematical process, but the way that students are thinking and analyzing mathematical
content.
Because this type of writing is possible in all subjects, teachers in all content areas,
including elective classes, at Williamsport High School were required to implement the Collins
Writing Program at least five to seven times each week. With this being the case, students were
writing five to eight times a day. According to the Collins Writing Program Implementation
Profile (2013), in the winter of 2011, Williamsport High School administration and instructional
coaches from each content area department received training on the program components, and in
turn, offered professional development to each department in the school. This team also
developed a plan to integrate Collins Type One and Type Two writing into each classroom. This
expectation and professional development led to increased collaboration around writing and
literacy expectations throughout the building. The results were as follows:
Math proficiency increased from 49.1% in 2010 to 69.6% in 2013. Of particular
importance was the significant growth in the subgroups identified by PDE. For example, math
proficiency for students considered to be economically disadvantaged increased from 32.5% to
57.1%, and students with an IEP increased from 8.1% to 26.9%.
Reading proficiency increased from 59% in 2010 to 80.1% in 2013. Of particular
importance was the significant growth in the subgroups identified by PDE. For example, reading
proficiency for students considered to be economically disadvantage increased from 42% to
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72.9%, multiracial students increased from 28.6% to 95.5% and students with an IEP increased
from 10.8% to 31.4%.
While this writing initiative was implemented in the Williamsport High School prior to
the Keystone Exams, the positive impact it had on students and the collaborative culture of the
building was significant. Mike Reed, head principal at the time of the Collins Profile Report
(2013), stated: “There has been a significant cultural shift that has occurred with teachers no
longer working in isolation” (p. 1). The focus on literacy across the curriculum increased the
level of collaboration within the building. Still, with the implementation of the CCSS, the need
for authentic writing opportunities to learn content has increased.
Atwood (2012) explains seven strategies to improve written responses in mathematics.
Atwood’s work is framed around the Collins Writing Program and specifically focuses on
mathematics. John Collins wrote the forward for this book and states that
One of the reasons math scores are low in this country is that they reflect not just one
skill area—math, but three: math, reading and in the case of open response questions,
writing. How many times have we heard teachers lament that their students know the
skills but somehow do not demonstrate that knowledge on the high-stakes test? (Atwood,
2012, p. 1)
Atwood explains that for many years as a mathematics teacher, he would continually tell his
students to “show your work”, but they rarely did. Often, students would write the answer and
just write “did in my head.” He goes on to discuss how the Collins Writing Program helped him
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to shift his focus from thinking that writing was the job of the English teacher and his job was to
teach mathematical processes. Atwood (2012) states that
the five types of writing, got right to the heart of my problem, show me your thinking. Type
One and Type Two assignments would do that. And, show me your thinking in a clear and
logical way, seemed like Types Three, Four, and Five. These Five Types of Writing were tools
I could use to encourage thinking on paper, and then help shape it to be more thorough and
complete. (p. 3)
Atwood (2012) explains that the five types of Collins Writing, coupled with his seven
strategies, are increasingly important for mathematics education. Atwood’s seven strategies
include using quick writing prompts to draw out background knowledge, giving frequent, quick
quizzes, providing clear criteria for a complete answer, teaching reading strategies for math,
building math vocabulary, developing great math assignments, and collecting and sharing results
with colleagues. He states that most states require open-ended mathematics questions on highstakes state tests. These types of questions require that students are able to explain their work,
prove or justify answers and come up with their own thinking about a mathematical problem.
Second, even if the state testing mandate is removed, students who can explain their work gain
deeper understanding of mathematical problem solving. Atwood (2012) contends that practicing
communication of mathematical concepts and logical reasoning is a skill that is not just
applicable to mathematics, but is also necessary if one is to be successful in a career.
Still, students skip open-ended mathematics questions at an alarming rate. Atwood (2012)
states that in one school that he visited in 2005, 83% of the ninth grade class skipped one or more
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open ended responses on the state test. He argues that the reason why is not a simple one. Often,
the length of problems and the reading that is involved are reasons that students give for not
answering these questions. Atwood argues that a potentially significant reason is that students
often “don’t understand that writing is really just thinking on paper” (p. 8) and often, teachers are
not providing their students with the time to practice this in class.
Atwood (2012) points out that mathematics teachers often start out a unit of instruction
asking students to recall what they remember about a particular concept. While this is a quality
instructional tool because it helps the teacher to gauge what the students current understanding of
the concept is, it usually only includes responses from the highly verbal students, those who
answer most of the questions throughout a class period. Collins writing can be helpful because
the same type of question can be asked, but all students are required to write about the question,
generating a comprehensive view of students background knowledge, understanding, and ideas.
This can be used as a formative assessment that will help the teacher to determine necessary
skills to review and discuss at the start of the unit. Collins (2007) reviewed research on this type
of brainstorming and concluded that when students are required to brainstorm in the classroom, it
can be more effective if it is written and includes the three hallmarks of a type one writing—that
is, it has a time limit, a quota for a minimum amount of writing, and a rule against negative
feedback. Atwood (2012) discusses that having students practice with creating ideas and putting
them on paper could be a key first step toward not skipping questions that involve critical
mathematical thinking. He goes on to discuss that often, the response from students that they
never learned a concept is because students have not had the time or the opportunity to recall
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their prior learning. Therefore, writing is not just important for teachers to learn what students
know, but also for students themselves to find out what they know.
Utilizing the Collins Writing Framework in mathematics classrooms can take on a variety
of forms, encompassed in each of the five types of writing. In mathematics classrooms, Collins
writing type one and two are more common than types three through five. If implemented
effectively in the mathematics classroom, Collins type one can be used to help students create
meaning of the content and Collins type two writing can be used as a powerful formative
assessment. Collins type two writing requires that students engage in metacognition, thinking
about their own thinking, , a process, or explain their work as they progress to the correct
answer. Atwood discusses the work of Marilyn Burns. Burns is a mathematics educator, the
developer of the formative assessment tool Math Reasoning Inventory (MRI), and the author of
many articles and professional development resources for mathematics educators. Burns (1995)
states that,
Writing encourages students to examine their ideas and reflect on what they have learned.
It helps them deepen and extend their understanding. When students write about
mathematics, they are actively involved in thinking and learning mathematics…Writing
helps students sort out, clarify, and define their thinking. (p. 13)
Atwood (2012) also discusses some of the concerns that teachers have with writing
within the mathematics classroom. Often, teachers are concerned about the amount of time that
writing will take within the classroom. While this is a concern voiced by many teachers, it is one
that Atwood challenges. For example, he states that instead of asking students what questions

38

THE IMPACT OF COLLINS WRITING ON STUDENT ACHIEVEMENT IN THE ALGEBRA
1 CLASSROOM
they have on the homework, teachers can ask students to write about the question they struggled
with on the homework or why they struggled with that question. In addition, the first five
minutes of class and the last five minutes are some of the most important times of instruction.
During each of these times, a quick writing task can help to either review prior knowledge or
summarize the learning that has taken place.
Another concern that teachers raise with Collins writing is the time that it takes to read
the writing. With a Collins Type One and Type Two prompt, teachers are able to quickly read
the three to five lines and determine if students are understanding the concept being taught. The
focus of Collins Writing is not on assessing the writing, but rather, on helping the teacher and
student to formatively assess understanding of the concepts. While it will require some time, the
writing often opens a window into students’ thinking which can be much more powerful for
teachers than simply a numerical answer to a question.
The final concern that Atwood raises is that there will be some students who do not want
to write. Atwood gives several ideas that could help teachers engage students in the writing
process. He suggests making the prompts “interesting, intriguing, or perplexing” (p. 36),
requiring the students to think about the problem and engaging their thinking and curiosity.
Other suggestions included things as simple as allowing students to quickly write their response
on a white board, varying the expectations of the type of writing (i.e. drawing and labeling
pictures, filling out a graphic organizer), or modeling how to complete or think through a
problem and then allowing students to write about the thinking that went into the process.
Finally, Atwood suggests that one of the most powerful ways of using Collins writing is to
engage students in the think, pair, share strategy. A teacher can have students write for a couple
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minutes, then share with their partner. After this, students can edit or write another response to
create a comprehensive writing to share out to the class. During this process, teachers can
circulate throughout the classroom to gauge student understanding and decide which students to
call on first to create a meaningful whole-class discussion.
Collins writing can benefit students with Individual Education Plans (IEP) because it is
able to engage students who have little understanding or prior knowledge of a mathematical
concept (Atwood, 2012). When students can brainstorm in Collins Type One writing, they know
that they will not be penalized for wrong answers. This benefits students who have historically
struggled with a subject area such as mathematics. Rather than having these students refuse to
work, allowing students to brainstorm and write about their own ideas and prior knowledge helps
all students to be successful. At the Type Two level, students with an IEP can be required to still
provide a correct answer, but their explanation can be shorter than others or they can be provided
additional time to complete the prompt.
One of the strengths of the Collins writing program is that the writing itself is not graded
for conventions. Students who struggle with writing can be assured that they are simply
recording their thinking and will not be penalized for incorrect grammar or conventions. In
addition, students with an IEP or students who struggle with writing can be given the option to
draw a picture or diagram of their thinking or verbalize their thinking to a teacher or peer. The
teacher or peer can, in turn, record their thinking on paper. This process will ensure that all
students are able to participate in the lesson through language, whether verbal or written.
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Lucas (2012), discusses how Collins writing can benefit student engagement and teacher
understanding of what their students know. She posits that “writing frequently is undisputedly
the best way to help students gain fluency. These brief, informal writing opportunities have the
advantage of engaging all students not just the usual handful that can be counted on to volunteer”
(p. 137). She contends that Type One is not only an effective engagement tool but is also
manageable for the teacher to grade. In addition, students are more willing to engage in
something where they are sure to have success. Students are able to quickly get their own ideas
in writing and make meaningful connections.
Lucas (2012) also discusses how Type Two writing can be used throughout the class
period to gauge student understanding and recall important concepts or topics. While Type Two
writing requires a correct answer, it goes beyond just the correct mathematical answer. Because a
Type Two writing can include every element of Bloom’s Taxonomy, this type of writing can
identify the extent to which students understand the concept, where the student misconceptions
are, and what areas require further development. For example, she states that in a classroom of
25 students, it takes her five minutes to complete what she calls “over-the-shoulder grading
where I can quickly and efficiently glean who is with me and who needs additional clarification,
recording the grades as I go” (p. 138). This type of over-the-shoulder grading is more important
for the teacher and student to gain valuable data that informs instruction and learning rather than
an actual grade itself. Since writing is simply thinking on paper, teachers gain valuable data
regarding student thinking when the writing process is included in a lesson.
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Principles and Practices of Effective Instruction to Develop Mathematical Reasoning
The National Council of Teachers of Mathematics (NCTM) is the world’s largest
mathematics education organization. The NCTM mission statement asserts that it “advocates for
high-quality mathematics teaching and learning for each and every student” (NCTM, 2017, p. 1).
NCTM issued Guiding Principles for Mathematics Curriculum and Assessment in 2009. In these
principles, NCTM states that “communicating mathematical thinking and reasoning is an
essential part of developing understanding” (NCTM, 2009, p. 3). The principles discuss how the
communication process helps to make meaning out of mathematical content and make the
meaning permanent. They further state that when students are required to think and reason
through communicating about mathematical concepts, they in turn learn how to be clear and
convincing in their written and verbal explanations. Another benefit of communicating
mathematically, through speaking and writing, is the learning that takes place as a result of
listening to others explain their own mathematical thinking. Listening to how others have solved
a problem or are reasoning through a problem helps learners to sharpen their own thinking and
reasoning strategies. Not only does this benefit the students in the classroom, but it also benefits
the teacher. When teachers can read students writing about their thinking, they are able to
identify areas where students are understanding mathematical concepts as well as areas where
they are continuing to struggle.
In a NCTM publication, Focus in High School Mathematics: Reasoning and Sense
Making (Martin, 2009), NCTM recommends that mathematics classrooms focus squarely on
reasoning and sense making. They point out the fact that students in the United States lack basic
mathematical literacy, including the knowledge needed to apply mathematics in a variety of
contexts. Often, reasoning in mathematics is only formally discussed in Geometry when proofs
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are taught. In Algebra based courses, students are taught a series of steps or simply a
mathematical formula. NCTM suggests that all content areas at the high school level should start
by connecting existing knowledge to new concepts. If this takes place, it is more likely that
students will retain the new information.
The CCSS places greater emphasis on mathematical problem solving and critical thinking
skills. Prior to the CCSS, mathematics assessments were focused more on mathematical content
knowledge and knowledge of processes and algorithms. Real life problems and in-depth
mathematical thinking used to be the “after thought” for many mathematics educators
(Schmoker, 2018). The CCSS centers the entire curriculum around real world problems, critical
mathematical thinking and reading, requiring that students justify their mathematical reasoning
rather than memorizing a process. The authors of the CCSS state that literacy skills, which they
define as reading, writing, speaking, listening, and using language, are required for college and
career readiness in several disciplines. To meet this requirement, content area teachers must take
on the task of developing students’ content literacy (Armstrong, Ming, & Helf, 2018). This is
evident throughout the grade levels as eighth graders are asked to define, evaluate, and compare
functions. At the high school level, students are asked to explain why the sum or product of two
rational numbers is rational.
The above example is an indication of the importance of literacy in the mathematics
classroom and how it lends itself to more in-depth thinking and learning for students. In addition
to reading, writing is one of the most powerful ways to encourage mathematical thinking.
According to the National Governors Association, Center for Best Practices and Council of Chief
State School Officers (2010), when students become proficient at using literacy strategies across
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content areas, they develop a knowledge base where they can share knowledge through reading,
writing and speaking.
Teachers’ use of literacy strategies within the content areas is not a new concept. Many of
the premises that literacy strategies center around are from Lev Vygotsky’s work, published in
1962. In his book, Thought and Language, Vygotsky has a chapter dedicated to “thought and
word”. Here he explains that the use of language is an integral part in the development of
concepts and relationships between concepts and leads to an understanding of the world around
us (Vygotsky, 1962). So, just as foreign language is learned through use of words in context,
“frequent opportunities to use mathematics in context serve to create connections between
mathematical ideas and how they are used” (Adams, 2010, p. 373).
The NCTM released their Principles and Standards for School Mathematics (2000). They
state that “written communication should be nurtured” (p. 62) in mathematics classrooms.
NCTM goes on to state that mathematics instruction should enable students to
1. Organize and consolidate their mathematical thinking through communication.
2. Communicate their mathematical thinking coherently and clearly to peers,
teachers, and others.
3. Analyze and evaluate the mathematical thinking and strategies of others.
4. Use the language of mathematics to express mathematical ideas precisely. (p. 60)
If mathematics teachers are going to create classrooms that look like this, they must first
understand how writing benefits students’ understanding of mathematics. It will also be
imperative that the barriers that exist to implementing such strategies within classrooms are

44

THE IMPACT OF COLLINS WRITING ON STUDENT ACHIEVEMENT IN THE ALGEBRA
1 CLASSROOM
identified and addressed to promote learning.
Relevance of Literacy-Based Strategies to Effective Mathematics Instruction
Schmoker (2016) states that “students need frequent opportunities to express their
quantitative interpretations in arguments, reports, and proposals. Such literate/mathematical
thinkers are what employers seek—those who can read, speak, and write for practical purposes”
(p. 243). Schmoker also references the late Lynn Steen, the former president of the Mathematics
Association of America and former chairman of the Conference Board of Mathematical
Sciences. Steen states that deep, practical learning in mathematics depends on the reciprocal
“interplay of numbers and words, especially on expressing quantitative relationships in
meaningful sentences” (Steen, 2007, p. 10).
Teaching students utilizing a literacy-based approach allows for an understanding of
mathematics through a conceptual lens rather than simply the process of mathematics. This ties
directly into the Common Core theme of expecting students to be able to explain content rather
than just memorize a process. One of the best ways that mathematics educators can help their
students to think in depth about mathematics is through reading and writing in the mathematics
classroom. Evidence in support of this claim is demonstrated by the study Middle School
Students’ Conceptual Understanding of Equations: Evidence from Writing Story Problems,
conducted by the University of Wisconsin (Alibali, Brown, Kao, Stephens, & Nathan, 2014). In
the study, two groups of students were compared. One of the groups had word problems as its
primary mode of instruction while the other utilized equations. For the word problem group, 91%
of students succeeded on the summative assessment. For the group where equations were the
primary mode, only 62% of students succeeded on the assessment. The researchers concluded
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that “word problems provide powerful, informal problem-solving strategies, and language itself
provides an entry point to mathematical reasoning that is highly superior to the algebraic
equation” (Sparks, 2014, p. 10).
When students are able to see how mathematics applies to their own lives and are taught
how to apply that knowledge to solve real world mathematics problems, they are able to engage
with mathematics in an authentic way. Applying their mathematical content knowledge to their
lives helps students to be able to speak and write about mathematical problems. When students
are required to write about mathematics, explaining or evaluating mathematical content, they
understand it at a deeper level (Schmoker, 2018).
The effects of writing on mathematical problem solving and learning can be significant
and immediate. In the study The Use of Graphic Organizers to Improve Student and Teachers
Problem-Solving Skills and Abilities:
186 middle school students were given multiple opportunities to explain and problem
solve—in writing—as they learned mathematical concepts. As a result, the percentage of
students who met or exceeded performance standards on the state assessment rose in
three areas:
• In math knowledge, from 4% to 75%
• In strategic knowledge, from 19% to 68%
• On math explanations, from 8% to 68% (Zollman, 2009, p. 11)
Zollman goes on to state that “good teaching in reading and writing is good teaching in math”
(Zollman, 2009, p. 11).
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In a study conducted by Bicer, Capraro, and Capraro (2013), it was found that the writing
process could be linked to greater development of students’ problem solving skills. In this study,
96 students participated in a six-week, after school STEM program. Students were separated into
two groups. One of the groups focused on the writing process as it related to mathematical
problem solving while the other group focused on homework and high stakes test preparation
related to mathematical problem solving. The results of the study show that students from the
writing process group generated and applied better problem solving skills than the group that
focused only on test preparation. In fact, problems that were generated by the writing group were
63% more likely to be solvable than the test preparation group. The study shows that using
writing to help structure mathematical problem solving can result in significant gains (Bicer, et
al., 2013).
Students in today’s mathematics classrooms must not only be exposed to mathematical
literacy to deepen their conceptual understanding of mathematics. Literacy-based instruction can
lead to a greater understanding of the relevance of mathematical content. Students who write
about mathematics and mathematical understanding can construct their own mathematical
knowledge in their own language. Mathematical language is often not related to the way students
speak in their home or in their daily lives (Capraro, Capraro, & Rupley, 2012). Writing about
mathematics affords students an opportunity to discuss mathematical concepts using their own
language and relating the concepts to their own lives.
Types of Literacy-Based Strategies in Effective Mathematics Instruction
Literacy strategies within the mathematics classroom are used in a wide variety of ways.
In the study conducted by Adams and Pegg (2012), twenty-six teachers participated in a
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qualitative study that examined the nature of mathematics and science teachers’ implementation
of literacy strategies within their content areas over a two-year period. Professional development
was provided for teachers regarding implementation of content literacy strategies. The study
found that even though teachers participated in the same professional development, the way
these strategies were implemented in classrooms varied. Teachers were found to use the content
literacy strategies in three different ways. Some teachers used the rehearsal pattern approach
where the literacy strategies were used to rehearse and revisit prior content. Others used the
reorganization pattern approach which was used to assist students in developing greater depth to
their conceptual understanding of content. The final pattern that was observed was labeled the
transitional pattern. This pattern incorporates elements of both rehearsal and reorganization
patterns. This was found to be used most often in cases where the goal of the teacher was to have
students develop greater depth of conceptual understanding, much like the reorganization
pattern. The difference with the transitional pattern is that it is not implemented in a way that
supports deep, conceptual understanding due to its lack of focus on the purpose behind the
literacy strategy as a part of the lesson.
This study is important in that it discusses the fact that many teachers are implementing
literacy strategies in their classrooms. It addresses the fact that literacy is typically implemented
in classrooms to either connect students thinking to prior knowledge or to dig deeper into a
concept and expand thinking. However, when literacy strategies lack focus and a clear purpose
for implementation, they fall short of reaching their intended goals. Content literacy strategies
are useful tools that teachers can use to help students reach their content specific goals. In order
to achieve these goals, it is imperative that such strategies are implemented with clarity and
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purpose so that students can expand and apply their knowledge of the content (Adams & Pegg,
2012).
The literacy strategies observed in the above study focused on vocabulary development
and writing. Reading was left out as most of the teachers did not use reading strategies in their
classrooms. Through classroom observations, teacher interviews and discussion board posts, the
researchers determined the three patterns of implementation. While a few classrooms used the
transitional pattern, most used either the rehearsal or reorganization.
With rehearsal, teachers used the writing and vocabulary development strategies to have
their students simply rehearse knowledge. With this pattern, vocabulary development involved
writing down examples, definitions and concept images that were provided to the students by the
teacher. Writing in the classroom involved recording procedures, facts and rules. This method,
while involving literacy strategies, did not require in-depth student thinking about concepts, but
rather was a rehearsal of information provided by the teacher.
Teachers who utilized the reorganization pattern required their students to use writing and
vocabulary development strategies to reorganize their knowledge. In these classrooms,
vocabulary development looked like developing concept images rather than simply memorizing
or recording concepts. Writing included forming thoughts, discussing connections with prior
knowledge and raising awareness of the students’ own ideas and experiences with the concept.
This method not only integrated literacy strategies into the classroom, but it also used the
strategies to deepen conceptual understanding of the mathematical content and allowed students
to build their own understanding and relationship to the concept (Adams, 2010).
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Adams (2010) asserts that “language is the medium of human interaction as well as much
of human thought” (p. 371). Because of this, learning mathematics is not just focused on learning
mathematical concepts, but learning the language of mathematics. Adams goes on to state that
“without language we would not have mathematics” (p. 371).
If students are to learn the language of mathematics, it is important that mathematics
teachers understand that they are indeed teaching a language. In the same study mentioned
above, researchers found that mathematical learning involves three broad themes,
1. Learning involves making meaning of information and one’s experiences.
2. Literacy tools for learning and thinking involve reading, writing, oral discussion
(speaking and listening), and thinking (reflection).
3. Literacy strategies can be integrated into instruction as meaning making tools.
With this in mind, mathematics teachers must help students to make connections to their own
lives and build on prior knowledge. As the third theme indicates, this can be done through
literacy strategies. In fact, each of the items listed in the first and second theme is able to be
integrated into the mathematics classroom through literacy strategies.
Similar to rehearsal vs. reorganization, writing was observed in mathematics classrooms
to serve two distinct purposes. In classrooms where rehearsal was the primary method of
instruction, writing was used to record concepts, ideas, and content. The use of this type of
writing was mainly for students to use as a study tool to memorize patterns, process or content
rather than to formulate ideas.
Teachers in classrooms where reorganization was used, writing was viewed from a
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writing to learn perspective. With this view, writing in the classroom focused more on
developing personal connections, explaining concepts and ideas, and understanding the “why”
behind a mathematical process rather than memorizing the process itself. This view of writing
helps students to use writing as a “powerful reasoning tool…and serves to make thinking visible”
(Adams, 2010, p. 375). Teachers with this view of writing in the classroom are able to see
student thinking and cognitive development of students through writing, not just speaking.
While both patterns of mathematical writing have their place in mathematics education,
the reorganization pattern is more in line with current mathematics education standards as it
requires students to think deeply about mathematical content rather than simply memorizing or
rehearsing a process. The NCTM discusses in-depth their belief that students need to be provided
with “experiences that help them appreciate the power and precision of mathematical language”
(NCTM, 2000, p. 63). As students write to learn, they are developing and creating ideas as they
write, rather than simply recording ideas already discussed or shown to them. Literacy strategies
such as these help students practice their mathematical and thinking processes together.
Opportunities such as analyzing, summarizing, interpreting, organizing, explaining, representing,
reflecting, and justifying thinking are all components of NCTM’s process standards for learning
(NCTM, 2000).
Smith and Stein (2011) discuss the importance of mathematical discussions to help
students reasoning and thinking skills. They state that
It is unrealistic to expect students to learn to grapple with the unstructured, messy
challenges of today’s world if they are forced to sit silently in rows, complete basic skills
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worksheets, and engage in teacher-led “discussions” that consist of literal, fact-based
questions and answers. (p. 1)
They go on to discuss how research tells us that complex knowledge is learned through social
interaction (Vygostky, 1978). Teachers often shy away from rich classroom discussions, in part
because they struggle to orchestrate discussions when it surrounds a high-level task (Smith &
Stein, 2011).
Lesson preparation should focus on selecting appropriate tasks that promote student
learning. Too often, mathematics teachers select tasks that ask students to perform a procedure or
steps that are provided by the teacher. This leads to a low level of thinking. Tasks that require
engagement with concepts and require students to make connections to prior experiences and
learning lead to many more opportunities for student connections and thinking (Smith & Stein,
2011).
Smith & Stein (2011) state that “what students learn is intertwined with how they learn
it” (p. 61). They go on to explain that while many mathematics teachers believe that students
learn by sharing their ideas and listening to and thinking about the ideas of others, these types of
discussions do not materialize unless they are well planned and orchestrated. “Almost all good
classroom discussions begin in the same way: by inviting a student to share how he or she solved
a particular problem” (Smith & Stein, 2011, p. 69). This may be the easiest thing for teachers to
do or learn how to do. Smith and Stein refer to this as “unproductive show-and-tells” (Smith &
Stein, 2011, p. 69).
Teachers must learn how to follow up on the ideas that students bring forward in these
show and tells. Smith and Stein (2011) present a set of teacher moves that help to facilitate
whole-class discussions that are productive. These moves include revoicing, asking students to
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restate someone else’s reasoning, asking students to apply their own reasoning to someone else’s
reasoning, promoting students for further participation, and using wait time.
According to Smith & Stein (2011), this is precisely why the five practices were
developed. In fact, they state that they
…were designed to help teachers to use students’ responses to advance the mathematical
understanding of the class as a whole by providing teachers with some control over what
is likely to happen in the discussion as well as more time to make instruction decisions by
shifting some of the decision making to the planning phase of the lesson. (p. 7)
The five practices are anticipating, monitoring, selecting, sequencing, and connecting. I will
discuss each of these five practices in the context of a mathematics lesson.
Anticipating
The first of the five practices involves anticipating what students will be thinking about
the concept being taught and how they may approach specific instructional tasks that they are
provided. This involves not only deciding what tasks and what level of task to create for students
to engage in, but more importantly, thinking deeply about how students will approach a problem,
how they will think or reason through solving a problem, and the wide variety of strategies they
may use, whether correct or incorrect. Additionally, teachers should not just think about the
strategies, but how these strategies relate to the way they would like their students to think about
the problem. While there may not be one way that the teacher wishes to see the problem solved,
there is usually a method or two that will help students to conceptualize the problem, relate it to
prior knowledge, or prepare them for the next concept that will be taught. All of this must be at
the forefront of this first practice.
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Monitoring
The second practice is monitoring. Monitoring involves much more than ensuring that
students are on-task and getting the correct answer. In fact, of more importance than the right
answer is monitoring student thinking and articulation of that thinking. In addition, teachers
should be prepared to ask questions about student thinking, probe areas that students appear to be
missing or are weak, and help to clarify thinking that is not fully developed. Teachers should also
use this time to record the way that students are reasoning and solving a problem. For example,
one student may use unit rates to solve a problem while another may use a pattern. If the teacher
records who is using each method it will help to facilitate conversation both during and after the
independent or group work time.
Selecting
Selecting is the third practice. If monitoring is done well, the selection process should be
easy. Selecting involves choosing the student or students that the teacher wishes to have share
their thinking with the class. Of importance to this practice is the idea that students are not
discussing a process, an answer, or the steps to get to the right answer. Selecting the students
involves picking students who are able to talk about their mathematical thinking—correct or
incorrect. At times, a teacher may want a student to share their incorrect thinking with the class
so that students can be aware of the reason why this thinking is incorrect. Teachers should
ultimately select students who will show a variety of methods to solve a problem and most
importantly, a range of sound reasoning.
Sequencing
The fourth mathematical practice is sequencing. If the teacher has selected students, then
it is important that the teacher chooses how best to sequence their sharing. For example, having
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an individual or group share the strategy that was used by the majority of the class could serve
“to validate the work that the majority of students did and make the beginning of the discussion
accessible to as many students as possible” (Smith & Stein, 2011, p. 11). Another approach a
teacher could take is starting with a student with a more concrete representation of the concept.
For example, the teacher may pick a student that has drawn a picture or written an explanation to
solve a problem and then move to a student who has solved the problem in a more abstract,
Algebraic manner. The teacher may also want to clear up misconceptions right away and choose
to have a student with incorrect reasoning start first.
Connecting
The fifth and final mathematical practice is connecting. The purpose of this math practice
is to connect students thinking to their peers thinking as well as key mathematical concepts. The
goal of this practice should be to encourage building of mathematical ideas and concepts,
collectively as a classroom learning community, to develop powerful mathematical ideas.
One of the most important and powerful ways a teacher can increase student thinking is
through the implementation of these five practices, each practice building on the previous. In the
end, “the purpose of the five practices is to provide teachers with more control over studentcentered pedagogy. They do so by allowing the teacher to manage the content that will be
discussed and how it will be discussed… All of this leads to more coherent, yet student-focused,
discussions” (Smith & Stein, 2011, p. 12).
Productive classroom discussions can start by students being encouraged to write about
their thinking. According to Smith and Stein (2011), “research tells us that students learn when
they are encouraged to become the authors of their own ideas and when they are held
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accountable for reasoning about and understanding key ideas” (p. 2). While this does not have to
be done through writing, according to Peterson (2007), writing allows students to take ownership
of their learning because it requires them to reflect and think about their learning. And according
to Mallia, et al., (2012), students often do not know how to articulate thoughts until they put
words on paper. One of the ways that teachers can encourage deeper classroom discussions is
through writing about mathematics. Providing students with time to create and record their own
ideas, reasoning and thought process is essential to mathematical problem solving. If provided
the time to do this, the ensuing discussion can allow for all students to have a voice instead of a
select few who typically quickly respond when asked a question.
Supports and Barriers to Teacher Implementation of Literacy-Based Strategies
Writing in the mathematics classroom benefits not only the students, but also the teacher.
The writing process affords students with the opportunity to write about their thoughts. This is
“the evidence of metacognition of students’ problem solving process because it provides not only
students with the realization of their own thinking about mathematics, but also enables teachers
to see students’ mathematical thinking” (Bicer, et.al., 2013). Wilhelm and Lauer (2015) found
that thinking aloud was a powerful way to gain metacognitive awareness of what concepts they
should teach, what misconceptions students may have, how they should model future lessons
regarding content and how to better develop procedural knowledge of content.
The five math practices discussed are intended to increase student reasoning and
collaboration in the math classroom. Creating a classroom environment where content-rich
discussions occur is essential for reasoning and sense-making in mathematics. In order to
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facilitate this, teachers must plan for and be aware of their own moves that can facilitate such
learning. This planning is referred to as “teacher moves”.
The Standards for Mathematical Practice, released by the Common Core State Standards
in Mathematics (CCSSI, 2010), define what it means for students to learn mathematics. They
identify key practices that support making math meaningful to students. The three practices that
are focused on literacy-based instruction are as follows:


Construct viable arguments and critique the reasoning of others



Attend to precision



Look for and express regularity in repeated reasoning

These three areas are important to this research to the extent that each of them require the use
language. Using these standards as a guideline can help to establish teacher moves that impact
students reasoning and collaboration.
There are six teacher moves that were developed by the Wisconsin Center for Education
Research (WCER, 2017). These teacher moves are ways that teachers can help to strengthen
reasoning and collaboration within their classroom. When teachers’ pay attention to these moves
and plan to effectively implement such moves within their classroom, opportunities for
collaboration and reasoning arise.
These teacher moves, if implemented effectively, are ways of increasing student
discourse in the classroom that lead to increased reasoning and sense-making. WCER (2017)
discusses how it is rare that ideas are fully developed the first time they are voiced, even for
experienced learners. Often in classrooms, students are asked to think aloud or respond to teacher
questioning. In the traditional model of teaching, only a few students are able to share their ideas
or answer questions. This provides students with little opportunity to think or extend their
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thinking and offers little useful information to the teacher. If teachers deliberately plan for ways
to implement these six discourse moves within their classroom, students voices will be heard,
collaboration will increase, and teachers will gather valuable formative feedback from students.
One of the key elements in the CCSS is the focus on greater coherence in mathematics.
This means that “mathematics is not a list of disconnected topics, tricks, or mnemonics; it is a
coherent body of knowledge made up of interconnected concepts” (CCSS, 2010). This
interconnectedness is important for meaning-making. WCER (2017) discusses how students
reasoning together is one of the greatest ways to connect prior learning to the new. Additionally,
they suggest that meaning making in both mathematics and English together strengthen students’
abilities in both domains. Students are often attempting to frame their thinking in language.
Allowing students time to develop their thinking through writing, conversations, and questioning
helps students learn how to put their thinking into precise academic language and communicate
their understanding of mathematics in writing and speaking. Teaching with meaning-making in
mind will help teachers to focus on the importance of communicating mathematically, whether in
writing, drawing, or speaking.
Writing in the mathematics classroom helps students and their teachers in a variety of
ways. According to Friedland, Millen, and del Prado Hill (2011), writing in mathematics helps
students to think through misconceptions and process incorrect reasoning to clarify ideas.
Through writing, students have the opportunity to extend prior learning, analyze a concept being
discussed and communicate further ideas to expand their mathematical thinking. In addition,
having students write in mathematics often helps teachers by allowing them to see, in writing,
students thought processes and understanding of the concept being taught. This allows teachers
to make instructional decisions and modifications as needed (Adams & Pegg, 2012).
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Martin (2009) describes “reasoning habits” that should be present in every mathematics
classroom. The focus of the reasoning habits are to help students to connect current learning to
prior learning and to require students to investigate mathematics themselves, especially through
appropriate questioning. Students who are encouraged to read, write, and speak about
mathematics are more likely to make sense of the mathematics. If students become accustomed
to this type of learning, they will be able to apply such learning to their future endeavors as
citizens and in their careers.
This publication also focuses on the important factor of equity in mathematics education.
One of the barriers mentioned is access for all students to engaging activities related to reasoning
and sense making. Students from some groups receive fewer opportunities to access such
activities. It is important that teachers understand the importance of implementing such activities
to make them accessible to all students. Providing students with activities that relate to their lives
and future careers will also help to make meaning.
One of the struggles that students face in mathematics is relating abstract, mathematical
concepts to their own experiences or prior knowledge. In the same way that mathematics is
abstract, the language of mathematics is, at times, complex. Students need to be provided with
opportunities to connect their everyday language to mathematics and the opportunity to connect
their new mathematical knowledge with prior knowledge—both language and experience
(Adams, 2010; Harmon, Hedrick, & Wood, 2005; Rubenstein, 2007).
Based on the previous arguments, literacy strategies being implemented in the
mathematics classroom is not enough. Simply implementing a strategy into a classroom may lead
to nothing more than writing down what has been placed on the board—something that has been
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done in mathematics education for many years. On the other hand, the same literacy strategy
could also be implemented with a view to develop student conceptual understanding. This should
be the goal of literacy based strategies—conceptual understanding rather than memorization of
process. This is demonstrated well in the study by Adams (2010), when two teachers had
implemented the same Frayer Model. The Frayer Model in one class was utilized to record facts,
definitions, examples and non-examples. The other class used the same type of activity, but were
asked to write their own definition in one box, provide a personal association or characteristic,
and provide a visual representation. The first teacher used the literacy strategy to simply record,
using the model as notes. The second teacher used the same strategy to have students create their
own thinking on the concept, relating their own thinking, experiences, definitions and picture to
extend their thinking. The results showed a greater impact on achievement scores for students in
the second teacher’s classroom. They argue that students understand mathematical content at a
greater level when they are challenged to create their own understanding of concepts by relating
prior knowledge and experiences to their current learning and extending their thinking to future
learning and scenarios.
While the case for literacy strategies within the mathematics classroom has been made,
there are still barriers that exist to implementation. As with any new initiative, effective
implementation requires careful consideration of teacher perspectives (Wilcox, MurakamiRamalho, & Urick, 2013). The literature on teacher perspectives regarding implementing literacy
in the mathematics classroom shows several areas that could be barriers to implementation of
literacy based instruction.
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One such barrier that many teachers communicate is that content area teachers have
varied levels of competency in providing literacy instruction to students. Teachers who lack
knowledge of literacy instruction are at times unwilling or unable to provide literacy instruction
(Hurst & Pearman, 2013; Vaughn et al., 2013; Wilhelm & Lauer, 2015; Wilson, Grisham, &
Smetana, 2009). In addition, teachers often lack the appropriate literacy based instruction
preparation through teacher training programs. Since the CCSS were only adopted in 2010, many
of the current teachers have not received training on implementing the reading, writing and
speaking standards into their classroom. This results in teachers instructing mathematics in a way
that they have learned or in the way that they themselves were taught mathematics. In relation to
the other core content areas, mathematics teachers are the least likely to be offered professional
development on designing and refining literacy practices in their classrooms (Charner-Laird,
Dobbs & Ippolito, 2017). This has led to a reduced literacy focus in mathematics classrooms and
deeper perceptions that mathematics and literacy are two separate entities.
But even teachers who have learned literacy strategies struggle to implement them within
the classroom. According to Gillis (2014) and Adams and Pegg (2012), content area teachers
often do not think about integrating literacy based strategies into their instruction because they
are so focused on their own content. This is often due to the fact that teachers believe that the
literacy instruction portion of the lesson should be something separate from the content delivery
portion. To this end, teachers sometimes implement literacy strategies at the beginning or end of
a lesson, but fail to integrate it seamlessly within each lesson. In a study conducted by CharnerLaird, Dobbs and Ippolito (2017), it was found that when mathematics teachers realize that they
are not being asked to teach English, they are more receptive to the concept. If teachers can

61

THE IMPACT OF COLLINS WRITING ON STUDENT ACHIEVEMENT IN THE ALGEBRA
1 CLASSROOM
understand that they are teaching literacy within their content rather than reading a novel or
writing an essay, they will focus greater time on developing their students’ mathematical
communication skills through deep mathematical thinking and reasoning.
The third area that teachers often site as a reason for not implementing literacy based
instruction is the lack of time. Teachers cite a lack of time both within the classroom and in
preparation for implementing literacy based instruction. According to Israel, Maynard, and
Williamson (2013), STEM teachers vocalized concern regarding their lack of time and
knowledge to provide literacy instruction. Mathematics educators have expressed a concern that
a literacy-based approach to mathematics instruction can be too time consuming and take away
from teaching standards that are addressed in the Common Core. It is true that implementing
literacy-based strategies in the mathematics classroom is typically more time consuming.
However, the time invested in the short-term can lead to long-term gains. In fact, Schmoker
(2018) states that there is no need to worry about this concern because the “new breed of state
and Common Core math tests incorporate far more word problems, reading and writing into test
items than ever” (p. 243). The time spent on literacy-based teaching will ultimately lead to gains
on such assessments and student understanding of mathematical concepts.
Each of these perceptions is an area of concern to effective implementation of literacy
within the classroom. While they are perceptions, they are areas that need to be addressed when
planning for effective implementation. Teachers need to be supported through effective
professional development on literacy strategies within their content areas. They also need to be
provided the time to plan and implement such strategies within their classrooms.
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Summary
Writing within the mathematics classroom can lead to significant growth in student
mathematical achievement. When writing is paired with the four lenses of learning, significant
learning can take place. As students are able to communicate about mathematics, their
understanding of mathematical concepts increases. Writing about mathematics helps students to
communicate their thinking, a skill that will be applicable to any post-secondary endeavor. In
addition, mathematics teachers benefit when they require their students to write about the
concepts being discussed. If done well, writing in mathematics can help the teacher to quickly
identify areas of growth, misconceptions, and the way that students are thinking through
mathematical content. This should be a powerful formative assessment that teachers can use to
quickly change instruction to benefit students mathematical understanding.
In chapter three, I examine the methods that were implemented throughout this study to
answer the research questions posed in chapter one. I discuss the participants of the study, the
professional development that occurred with the teacher participants in the study and the way
data were collected, both from teachers and students. The implementation process of the Collins
Writing Program is discussed in greater depth. In addition, the way that improvement is defined,
evaluated and is presented is identified.
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Chapter 3: Methods
This chapter focuses on the research questions, the procedures used for collecting and
analyzing the data to answer the research questions, the participants, and the context of the study.
It also discusses the role of the researcher. The study examines the impact that the Collins
Writing Program, coupled with the PLN Framework, has on student achievement as measured by
classroom based assessments aligned with the PA Keystone Exams. Also examined is how
teachers use writing as an assessment tool within their classroom and whether the Collins
Writing Program deepens student understanding of mathematical content. The TRU Framework
is utilized to observe, record, and discuss classroom lessons.
Research Questions
This study sought to answer the following research questions:
1. To what extent does writing within the mathematics classroom affect student
achievement as measured by assessments aligned with the PA Keystone Exams?
2. What evidence is there that writing within the mathematics classroom helps the
teacher to deepen student understanding and assess students understanding of
mathematical content?
Methodology
A mixed methodology research design was used in conducting this study. An analysis of
data from classroom-based common assessments that are administered at the end of each unit in
Algebra 1 is the basis of the quantitative research. Interviews with the four teachers involved in
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this study, classroom observations, and a review of lesson plans provided the data for the
qualitative portion of the study. This study discusses the potential benefits that the
implementation of the Collins Writing Program in a mathematics classroom can have on student
achievement. The study also looks at the benefits that writing within the classroom has on the
teacher’s knowledge of student understanding of mathematical content.
Participant Selection
The researcher is a principal at Williamsport High School and this study formed part of
the regular educational practice. This mixed methods study took place at Williamsport Area High
School, in Williamsport, PA during the first six weeks of the fall semester. Two Algebra 1
teachers and two Learning Support Co-Teachers participated in this study. The study involved
75 total Algebra 1 students within these classrooms. One of the teachers had 39 Algebra 1
students and the other had 36 students. The total students for each teacher were divided up into
two separate class sections. Students in these classes are scheduled for this course based on
previous mathematics courses as well as scores on the PSSA from eighth grade. The classes that
were examined have a special education co-teacher because approximately twenty percent of the
students in the class are receiving special education support.
Site Selection
The site of this study is the Williamsport Area High School. Williamsport Area High
School, a 9-12 grade suburban high school, in Williamsport PA is part of the Williamsport Area
School District. Williamsport High School is the largest high school in North Central
Pennsylvania. It is one of only a few comprehensive high schools in Pennsylvania, meaning that
it includes a Career and Technical Education School within the same building. The school has a
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current enrollment of 1,532 students. Of these students, about 15.3% of the students are receiving
special education services, 2.4% of the students are receiving gifted support services, and 60.6%
of the students are considered to be economically disadvantaged. Student demographics are
66.8% White, 14.4% Black, 12.8% Multi-Racial, 5.0% Hispanic, 0.7% Asian, 0.2% American
Indian/Alaskan Native, and 0.1% Native Hawaiian or other Pacific Islander (PDE, 2018).
At Williamsport High School, there are four teachers who teach Algebra 1 to ninth grade
students all day. Algebra 1 courses are set up in a double-block format—meaning that students
receive Algebra instruction for two class periods a day, or approximately one hour and fifty
minutes daily. Students in these courses are required to take the Algebra 1 Keystone Exams at
the end of their freshman year. There are two special education teachers who co-teach Algebra 1
all day. They are responsible for providing services to the special education students within the
regular education classroom. Both special education teachers have a common planning period
with their regular education co-teachers daily.
For the purpose of this study, I worked specifically with two Algebra 1 teachers and two
special education co-teachers. Of the four teachers, one of the Algebra 1 teachers identifies as a
white man and the other three teachers identify as white women. One of the Algebra 1 teachers
has been teaching for nineteen years. Twelve of these years have been at Williamsport. The other
Algebra 1 teacher has been teaching for seven years and six of these seven years have been at
Williamsport. One of the special education teachers has been teaching for sixteen years, with
thirteen years at Williamsport, and the other special education teacher has been teaching for three
years, with one year being at Williamsport. One of the special education teachers is dual certified
in Special Education and English Education. Neither are dual certified in mathematics. One of
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the mathematics teachers has been trained using the Collins Writing Program, but the other three
have not.
Role of the Researcher
According to Mintrop (2016), “Action research embraces transformative leaders while
placing them at the vent of the research endeavor” (p. 193). Milner (2007, 2010, 2015) argued
that researchers should not detach themselves from the research process. In this section, I will
discuss the role of the researcher. The section will discuss my personal and professional
background that led me to this research focus.
From a very young age, I was inspired by my teachers. I was inspired so much that I
wanted to be like them. I grew up in poverty. My father graduated from high school, but my
mother dropped out in ninth grade. My teachers provided me with a picture of how education
could benefit a person. My sixth grade teacher recommended me for the honors math track for
my seventh grade year. It was my seventh grade mathematics teacher that inspired me to become
a mathematics teacher. In fact, in high school, I completed my graduation project through an
independent study where I would student teach in her seventh grade mathematics classes.
Still, I struggled greatly with the honors level mathematics. It did not come naturally to
me like I perceived it did with my peers. I questioned everything, wanting mathematics to be
more than just a process it needed to be something that made logical sense to me. When I
decided to go on to college to be a teacher, I decided on majoring in mathematics education. This
was scary since mathematics took a lot of time and thinking for me to understand, but I wa nted
to help students understand mathematics like my seventh grade math teacher did.
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In June of 2011, after I graduated from college, I was hired at Williamsport Area High
School to teach mathematics. It was my first time teaching, my first time living in a city, and the
first time that I had the opportunity to engage with students of different ethnicities. At the time of
my hiring, Williamsport High School was in the fifth year of failing to meet Adequate Yearly
Progress (AYP) as measured by PDE. This meant that the state could take over the operations
and programming of the school. Because of this, the school qualified for a School Improvement
Grant (SIG) through the PDE. Part of this grant was used to train staff, including myself, on the
Collins Writing Program. I saw the significant impact that the Collins Writing program had
within my mathematics classroom. I was able to have students’ thoughts on paper and read them
either quickly during the classroom as a quick formative assessment, or utilize the writing as an
exit check which I could quickly read and refine instruction for the following day. The writing
provided me with a window into my students’ thinking behind mathematics, much like I
struggled with when I was a seventh grade mathematics student. I quickly saw the results that
writing could have not only on my instruction, but on student achievement. My first year of
teaching, our mathematics scores improved from 52.6% to 61.4% proficiency (PDE, 2012). This,
coupled with our scores on the English and Science tests, was enough to pull our school out of
“corrective action”.
In 2015, I moved from the classroom to become the District’s Secondary Special
Education Supervisor. In 2017, I became the ninth grade principal at Williamsport High School.
In this role, I supervise the mathematics teachers, including all of the Algebra 1 teachers and
their Special Education Co-teachers. I have the opportunity to lead professional development for
staff, participate in common planning time and lead Professional Learning Communities
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(PLC’s). In addition, every day I am in these classrooms interacting with the teachers and
students and completing brief checks through supervision walkthroughs. These opportunities
uniquely position me to be able to lead positive improvements in the Algebra 1 classrooms.
Improvement Research Professional Development Plan
During August of 2019, readings on the Collins Writing Program, PLN Framework, and
the TRU Framework were provided to the four teachers participating in the study. In addition,
one day of work on curriculum looking through the PLN Framework Lens, TRU Framework,
and implementing the Collins Writing Program was completed in August. I led the day of work
on the curriculum with the four teachers.
In addition to the summer work day, I worked with the four teachers during their
common planning period at least once weekly to discuss lesson plans, develop and review
writing prompts, and plan for the implementation of the Collins Writing Program and PLN
Framework. These planning sessions were led by me, with a specific focus on assisting teachers
with the implementation process, analysis of data, and review of relevant articles and
professional development. Our common planning time was also used to grade the classroombased common assessments to ensure reliability in scoring. Teachers scored the assessments of
their colleagues to ensure consistency in grading practices across classrooms. Because there are
four teachers, each students test was scored once by two separate teachers to ensure that teachers
were giving the same score for the constructed response questions. The PA Keystone Exam
Constructed Response Rubric was used for scoring constructed response questions to ensure
consistency.
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The PA Algebra 1 Keystone Exams are administered to students in Pennsylvania upon
their completion of the Algebra 1 course. One of the expectations is that students earn proficient
or advanced on these exams prior to graduation in order to graduate on the traditional track.
Approximately 40% of the exam points come from constructed response questions. The other
60% of points come from multiple choice questions. The constructed response questions are
scored using the Constructed Response Rubric shown in Figure 3.1 on the next page. Because of
this, this rubric was used to score constructed response questions on the classroom based
common assessments.
As is evident, in order for a student to earn all of the points possible, they must
demonstrate a thorough understanding of not only the procedures, but also the mathematical
concept that the constructed response question is posing. In addition, the response must include
correct answer(s) and completed procedures or explanations. The responses can contain a minor
omission or error as long as the work or explanation is still accurate and demonstrates a thorough
understanding of the problem.
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Figure 3.1. PA Keystone Exam Constructed Response Rubric
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Qualitative Methods, Procedures and Analysis
Each teacher participated in pre- and post-professional development interviews to discuss
how they have used writing within the mathematics classroom in the past, how they have grown
through the professional development that was offered on the TRU and PLN Frameworks, and
Collins Writing Program, and the benefits of writing that they see within their own classroom. In
addition, teachers were asked to specifically reflect on how they used writing to formatively
assess students understanding of mathematical content, and if writing provided them with a
picture into students’ thinking. Teachers were also asked to discuss the challenges they faced
implementing writing within the mathematics classroom. The pre-interviews were conducted in
the researcher’s office at the Williamsport High School prior to the professional development in
August of 2019 and each interview lasted approximately ten minutes. Responses were recorded
using the voice memo application on the researchers password protected phone. All recording
data were uploaded to REV.com and transcribed by REV.com, an online transcription service.
Teachers were asked the following questions during the pre-interviews:







Have you used writing within your classroom in the past? If so, how have you used
it?
Have you seen any benefits from writing within your classroom?
Have you used writing as a formative assessment? If so, what data has it provided to
you?
As compared to students showing their process for solving a problem by showing
their mathematical steps, how does student’s writing about the problem solving
process compare?
Have you faced any challenges implementing writing within the mathematics
classroom?
Do you have anything else you would like to share pertaining to writing in the
Algebra 1 classroom?

Post-interviews were conducted at the end of the second unit in October. Like the pre-interviews,
the interviews were conducted in the researcher’s office at Williamsport High School, and were
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recorded and transcribed as before. The post-interviews lasted approximately fifteen minutes
each. Teachers were asked the following questions during the post-interviews:







Have you seen any benefits from writing within your classroom?
Have you used writing as a formative assessment? If so, what data has it provided to
you?
As compared to students showing their process for solving a problem by showing
their mathematical steps, how does student’s writing about the problem solving
process compare?
Have you faced any challenges implementing writing within the mathematics
classroom?
How has the professional development you received effected the way that you
implement writing within the classroom?
Do you have anything else you would like to share pertaining to writing in the
Algebra 1 classroom?

Upon receiving the transcription from REV.com via personal email, I read through each of the
interview transcripts for both the pre-and post-intervention interviews separately. I then annotated
these transcripts. From the annotations, themes emerged. The annotations were then listed under
each of the themes. The teacher participants were asked to review the annotations and coding to
ensure reliability of coding. The pre-and post-intervention interview transcripts were also reviewed
to see how responses changed from the pre- to the post-interview. The themes that emerged from
the four teachers’ pre- and post-interviews will be discussed in chapter four.
The next set of qualitative data that was collected was a review of teachers’ lesson plans.
Specifically, the lesson plans were examined to see how often and why writing was utilized
within the classroom prior to the professional development and then throughout the process.
Lesson plans from the 2018-2019 school year were compared with the lesson plans from the
2019-2020 school year. Specifically, the focus of the lesson plan review centered around the first
two units of instruction for both school years. As with the interviews, I reviewed the lesson plans
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for both units from the 2018-2019 and 2019-2020 school year separately, annotated the plans
noting how often writing was used, how it was used, and why it was being used. Additionally, I
annotated the plans with my comments or questions that arose during my review. From these
annotations, I identified common themes that emerged in the lesson plans from the 2018-2019
school year and common themes from the 2019-2020 school year. Teacher participants reviewed
the annotations and themes to ensure reliability of data. These themes will be reported in chapter
four.
In addition, one observation took place in each of the classrooms during the intervention
utilizing the TRU Framework. Field notes were collected utilizing the TRU Observation Guide
for Mathematics (Schoenfeld, 2016). Teachers were aware that these observations were being
completed to focus on writing. While this may have impacted the outcome, the observations
specifically focused on the type of writing that was occurring in the classroom, how often writing
was implemented, and how students reacted to the writing and feedback on this writing within
the classroom. These qualitative data were collected and reviewed using the TRU Framework.
Pre- and post-observation meetings with the teachers followed the TRU Math Conversation
Guide. These observations provided me with the opportunity to see the application of the
readings, professional development, and PLC discussions in the classroom setting.
During the second unit I asked teachers to pick a lesson that they would like the
researcher to observe. Prior to the lesson, a pre-observation meeting was conducted. During this
meeting, the researcher asked the teachers to explain the lesson that he would be observing,
discuss the opportunities for writing and speaking that would be included in the lesson, and gave
the opportunity for teachers to ask questions of the researcher. The observation was then
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conducted the following day during one of the sections of Algebra 1. The researcher collected
field notes using the cognitive demand element of the TRU Framework. The researcher then met
with the teachers the afternoon of the observation to discuss the observation using the TRU Math
Conversation Guide.
The cognitive demand element of the TRU Framework was utilized to organize the field
notes for the meetings and observations. After completing the observations and pre-and postobservation meetings, the field notes were reviewed individually to determine themes that
emerged from each observation and meeting. After reviewing the field notes individually, I
annotated the notes that were collected. These annotations formed themes. Like the interviews
and review of lesson plans, teacher participants were asked to review the annotations and coding
to ensure reliability. Using the themes from both classrooms, the classroom observations and
meetings were compared for similarities and differences in how and why writing was
implemented within the classroom.
Quantitative Methods, Procedures, and Data Analysis
Students within the two Algebra 1 classrooms participated in classroom-based
assessments aligned to the PA Common Core Standards to determine mathematical achievement.
These data were used to address the first research question. The sample consisted of 75 students,
39 students from one classroom and 36 students from the other classroom. The two mathematics
teachers taught two class periods of Algebra 1. In addition, all classes have a special education
co-teacher within the classroom to support special education students.
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The classroom-based common assessment occurred at the end of the unit after students
had been provided instruction on the unit utilizing the Collins Writing Program and PLN
Framework. All students took identical assessments. Instruction utilizing the Collins Writing
Program and the PLN Framework occurred for two separate three-week units in both classrooms.
This instruction and analysis of data continued for a total of two units to collect data from both
units. Utilizing the data gathered from the common assessments, compared to the data from the
previous year when literacy-based instruction was not implemented, I determined if the results
are similar across teachers, units, and classroom settings.
Scores remained steady or slightly declined when comparing the 2017-2018 and 20182019 school years. The data gathered at the end of these two units in the fall of 2019, through the
common assessment scores, will be compared in chapter four to determine if there was growth
that could be attributed to the Collins Writing Program Intervention. While each year consists of
a new group of students, overall averages on the identical common assessment will be able to
show if the intervention affected student achievement on the assessment.
Student scores on the classroom-based common assessments provided the quantitative
data for the study. The scores represent the total score that students earned on the exam
consisting of both multiple choice and constructed response questions. Students were tested at
the end of the unit. Student data were measured and analyzed from both classes. Using data
collected from these same common assessments from the 2017-2018 and 2018-2019 school
years, the data gathered from the fall of 2019 were compared to the 2018-2019 data to determine
if there was growth.
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The scores from each of the years data was entered into Microsoft Excel. Once in the
excel document, I used the Excel chart builder to create box plots to review the data. Particularly,
I compared the 2018-2019 data with the 2019-2020 data. I chose the box plot because it
compares the median scores. I chose to compare the median scores because of the range of
assessment scores. In cases like this, it is important to determine not only at the average scores,
but also the median of the scores. Additionally, the excel sheet was then uploaded into the
Statistical Package for Social Sciences (SPSS) Program. Using SPSS, I compared the data using
an independent-sample t-test. A t-test was chosen so that the mean and standard deviation could
be compared. Glass’s Delta was used to determine the magnitude of the impact of Collins
Writing on student understanding of mathematical concepts. Glass’s delta is appropriate because
in comparison to Cohen’s d, it better accounts for the Collin’s Writing intervention to have an
impact on variability as well as average performance.
Informed Consent
Teacher participants were provided with information on the study and invited to
participate in the study at the end of July 2019 through face-to-face meetings or phone calls. The
attached script was used for this process. The consent form was provided at this meeting and was
signed prior to participating in the study. Participants were informed about risks and benefits,
compensation, and other conditions of their participation during the initial discussion and when
the consent form was signed. In addition, participants were informed of their right to withdraw
from the study at any point during the discussions and through the consent form. Participants
were assured that there would not be any penalty or consequence for withdrawing from the
study.
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Student participants were provided information on the study during the first week of
school in August of 2019. During a classroom visit, students were provided with consent and
assent forms to sign and take home to their parents to get signed. Participants were informed
about risks and benefits, compensation, and other conditions of their participation during the
initial discussion. In addition, participants were informed of their right to withdraw from the
study at any point during the discussions and through the consent form. Participants were assured
that there would not be any penalty or consequence for withdrawing from the study.
Confidentiality
Throughout this study, confidentiality of student data was assured. In addition, the data
collected from the interviews, lesson plans, and observations were kept confidential. The process
of collecting and analyzing data as well as reporting the data was shared with the teachers and
students involved in the study during our first meeting. The findings of the study were shared
with all teacher participants. It was imperative that the teachers involved could share openly with
the researcher their ideas, concerns, and their own observations.
The data collected was kept on audio recordings, field notes, and spreadsheets.
Participant information was secured at all times and no real names were identified on the
materials. All materials gathered throughout this research study were kept in a secure, locked
filing cabinet in the researcher’s home or on the researcher’s password protected computer and
cell phone.
In this chapter, I discussed the research questions that were the focus of this study. In
addition, the method for collecting and analyzing data that sought to answer these research
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questions were presented. In chapter four, I will present the results of the research study in a
comprehensive manner. Chapter five will discuss the findings and will discuss current and future
implications relating to this area of research.
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Chapter 4: Findings
This study sought to answer the following research questions:
1. To what extent does writing within the mathematics classroom affect student
achievement as measured by assessments aligned with the PA Keystone Exams?
2. What evidence is there that writing within the mathematics classroom helps the
teacher to deepen student understanding and assess students understanding of
mathematical content?
To achieve this, both qualitative and quantitative data were collected. I will begin by reviewing
the qualitative data that were collected. I will discuss the themes that emerged from the teacher
interviews, classroom observations, professional learning community meetings, and lesson plan
review. I will then present and discuss the quantitative data that were collected from the end of
unit common assessments administered in each classroom in this study.
Qualitative Data
Qualitative data were collected throughout the study from the teacher participants in the
study. Teachers participated in interviews, classroom observations and professional learning
communities. The information from these data sources was reviewed and several key themes
emerged. These will be discussed throughout this section. In addition, lesson plans were
reviewed to determine how, when, and why writing was being implemented in the classroom.
Four teachers participated in this study. Each of the four teachers has taught Algebra 1 for
at least the past three years. The quantitative data compared later in this chapter are data
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collected from these teachers’ classroom-based common assessments at the end of each unit.
Each of the teachers consented to the study in August. After consenting to the study, teachers
were provided articles on the TRU Framework, the Collins Writing Program, and the PLN
Framework. Teachers participated in one day of curriculum writing and professional
development around the Collins Writing Program and the PLN Framework. This was held prior
to the school year starting. In addition, all teachers at the secondary level in the Williamsport
School District received a half day of training from the PLN Network in September this year.
Throughout August, September, and the first half of October, teachers participating in this study
also participated in PLC’s pertaining to the topics mentioned above. The PLC’s focused
specifically on the TRU Framework. The TRU Framework was then utilized to collect field
notes throughout the classroom observations and provided a meaningful framework to discuss
the lessons, both before and after the observation.
Qualitative Themes
Using the qualitative sources of interviews, lesson plan review, and classroom
observations, several themes emerged and will be discussed. Five themes formed a complete
picture of literacy-based strategies within the mathematics classroom throughout this study. The
first theme that was evident throughout the qualitative analysis is the barriers and supports that
exist to effective implementation of literacy-based strategies within the mathematics classroom.
The second theme is the various ways that writing was used in the mathematics classroom prior
to the professional development and then after the professional development was complete. A
third theme emerged that linked the writing in the mathematics classroom to effective dialogue
between students, teachers, and whole group discussions. The fourth theme discusses how
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writing in the mathematics classroom can be used as a formative assessment and how that
evolved throughout this study. Finally, the professional development and collaboration of
colleagues is discussed as another theme that became evident throughout the interviews and
classroom observations.
Barriers and Supports to Literacy-Based Strategies Within the Mathematics Classroom
The first theme that emerged from the interviews was the barriers to literacy-based
strategies within the mathematics classroom. Information gathered from both the initial interview
and the post-interview showed that three of the four teachers perceived several barriers to writing
within the mathematics classroom. Co-teacher A stated that she did not believe there were
barriers to writing in the Algebra 1 classroom. This teacher stated that she believes “it’s the
teacher’s role to teach in such a way that there aren’t barriers”. During the pre-interviews, three
of the four teachers discussed the belief that at times students at times do not want to write or
write the bare minimum. Teachers discussed their struggle with this. For example, Teacher A
stated “I already mentioned that I do have kids that just refuse to write.” Co-Teacher B stated
“We usually have a couple students who do not want to write anything…or that do the bare
minimum.”
All of the teachers attributed their perception of students’ unwillingness to write to not
wanting to be wrong or make a mistake. Teachers noted that this was especially true for their
students receiving special education supports and for their students who historically struggle in
mathematics classes. Teacher B noted that they typically
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Touch base with them. What is going on? What are your thoughts? We try to emphasize,
write it down, write your thoughts down, because when you go talk to your partner or talk
to the person across the classroom, you might not be completely right, but you might
have something they do not have and that can generate some great discussion.
Co-teacher A discussed that while some view the perception that students do not want to
make a mistake as a barrier, she chooses to “view it as an opportunity to capitalize on creating an
environment where all students understand that making mistakes and learning from them is part
of the learning process.” Co-Teacher B stated “writing about it allows them to identify their
mistakes quicker than if I just say, you made a mistake on this problem. It…helps them selfcorrect”. This teacher also discussed how students are now able to put their thoughts about how
to solve a problem into words, not just in writing, but also speaking. This has helped students to
hear and record their own thinking. Co-teacher B discussed how the “focus of lower levels is if
they can verbalize it to me, then I ask them to put it on paper.” She went on to discuss how
verbalizing their thinking helped students to be able to write about the concept being discussed.
In addition, she stated that she believes that
if they can write about it, they are quicker to pick up their mistakes…because when they
either share with their partner or say it out loud, they’re quicker to pick up on errors that
they made in the problem solving process.
Another barrier that emerged was that students struggle with putting their thoughts into
writing. This again was noted as a particularly challenging process for students receiving special
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education supports. Co-teacher B noted that the “focus of lower levels is if they can verbalize it
to me, then I ask them to put it on paper.”
In summary, teachers stated that some of their students do not want to write, some
struggle with putting their thoughts into writing, and some do not write because they are afraid of
making mistakes. Throughout this study, teachers took ownership of these barriers and worked to
find meaningful ways of addressing them.
The teachers also discussed how they addressed these barriers and engaged students who
were either struggling with the writing process or were resistant to the request to write. During
the interviews teachers provided ideas for helping students who stated they did not want to write
because they are afraid of making a mistake. Each of the teachers specifically mentioned the
importance of creating a safe environment to make mistakes, to talk openly about mistakes, and
to help students learn that they grow from examining their own mistakes and mistakes of others.
Teacher B discussed the way that they supported a student who was hesitant to write due to
thinking she was going to be wrong. This teacher stated
Look, you need to put your thoughts down on paper, if you’re wrong, that gives us an
opportunity to correct it and make sure, hey, next time you have this opportunity…you
will do a lot better and it also allows you to comprehend what exactly is going on.
Teacher B noted that one of their goals through the writing process was to help students understand
it was okay to make a mistake. This teacher went on to discuss how the writing process creates a
safe place to make a mistake, to write about their own ideas, and then be able to share them with
their teacher or peers. Teacher A stated it this way “I allow students to feel that they can make
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mistakes in writing. Who cares if you’re right or wrong, let’s write it out and let’s talk about and
discuss it.”
During the observation in Classroom A, students responded well to a two dollar summary
prompt that encouraged students to write by placing a monetary value on the use of certain
vocabulary words and the amount of words they used. All students during this activity were
engaged and reached the two dollar summary mark. Some of the students who struggled with
writing stopped when they reached the two dollar mark while others competed to get the highest
amount that they could in the allotted time. The teachers used this as a competition.
In both of the classrooms, students were encouraged to write so that they had something to
share with their peers. This was evidenced in both the observations and interviews. Students who
were struggling to write were encouraged by reminding them of the amount of writing that was
expected, the time frame they had to write, and the need to share at the conclusion of the time.
Teachers in both classrooms also assisted some students who were struggling to write. Some of
the students were given sentence starters, others were encouraged to talk with the teacher about
their thoughts and then write them on the paper, and in one instance, a student was only required
to verbalize their thoughts and the teacher wrote these thoughts for them. Most of these
accommodations were made for students with an IEP.
In both classrooms, students were often supported through requests to expand on their
thinking or explain more in-depth. For example, in one of the classrooms, students were given a
monomial with a number and a variable. They were then provided the Least Common Multiple
(LCM) of two monomials and were asked to determine whether or not the other monomial that
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Sally picked could be correct to arrive at the LCM. One student wrote “Yes, Sally is correct
because the LCM of 6 and 8 would be 24. Also, the exponents are correct because the variables
match correctly with what the answers should be.” As the teachers were circulating throughout the
classroom during the writing time, they asked this student to expand upon his writing. This
particular student was able to share with his partner who helped him to write a more accurate and
in-depth response to the question. His final response that was collected stated “Yes, Sally is correct
because the LCM of 6 and 8 is 24. Also, the exponent in the answer on the x variable is 3. The
LCM means that 3 must be the highest exponent on x in one or both of the monomial expressions.”
While both samples provided the teacher with a picture into this student’s thinking, the second
response shows that the student understands the concept being taught. The second answer was
more in-depth, conceptually correct, and shows that the student understands the concept of LCM.
Ways Writing is Used Effectively in the Mathematics Classroom
Another theme that emerged was found in the answers to the way that writing has been
used in the Algebra 1 classroom. This is perhaps the area where teachers showed the most
growth. During the pre-interviews, teachers noted that they used writing as a bell ringer, a warm
up at the beginning of class, a way to connect students to prior knowledge, to get students
thinking, or as an exit check. Teacher A stated in the pre-interview that she had used writing in
the classroom years ago because “there was a big push in the district by Principal Reed…we
were required and challenged to (implement writing) in the math classroom”. This was also
consistent with my experience as a teacher during this timeframe.
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In the post-interviews, teachers stated that they have used writing throughout the period,
not just the beginning or the end of the period. All of the teachers noted that they have implemented
writing to increase student thinking and communicating, both with the teacher and peers. Teacher
B stated
we used to just use writing as a bell ringer or exit check. Throughout this unit we used
writing more often throughout the period…like we would have students write about a
concept, then share with a partner, then pick the best couple to share with the class.
In addition, teachers discussed how writing has become something that students expect because it
is a part of every lesson. Each teacher noted that students expect to be asked to think in-depth about
the why behind a process, or the how behind a mathematical problem. Co-teacher A put it this way
Our students aren’t just giving us the process anymore, or talking about the process, the
writing forces them to think about the why behind it. For example, when students wrote
about simplifying radical expressions, they didn’t just list the steps, they explained why
the steps were important, using vocabulary as well.
This theme was also evident through the classroom observations. In both classrooms,
writing was utilized to activate prior knowledge, practice constructed response questions aligned
with the PA Keystone Exam released items, and conduct an error analysis of a problem that was
already solved. Both classes started their class with a writing assignment and then used writing at
least two to three additional times throughout the class period. In addition, both classes used
writing as a tool to record student thoughts prior to sharing with their peers.
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Each teacher used writing a bit differently as well. Classroom A used a two-dollar
summary. Students were provided with the prompt “explain how to simplify the radical expression
completely”. Students were asked to use certain vocabulary words in their writing such as
radicand, radical sign, index, and coefficient. Students received twenty-five cents for each
vocabulary word used and ten cents for every other word. It was clear during this observation that
this strategy not only engaged students, but encouraged them to write more and write deeply about
the process of simplifying radicals.
Classroom B used writing to practice a CRQ question and then had students trade papers
and grade each other, both their mathematical work and their explanations as compared to the
exemplar posted on the board. Students in one of the classrooms were asked to be the teacher and
write an explanation of what they learned the day before to a student who was absent the day
before. Students were then asked to share with their peers and several were asked to share their
explanations with the class. Classroom B called their writing “write and connect”. Teachers in this
classroom asked students to write about the problem posted on the board at the beginning of the
class period. Students were given three minutes to write and then three minutes to connect. Each
student had to connect with two other students prior to the end of the three minutes, reading their
responses, and either asking a question, connect their own thinking to their peers, or expand on the
partners thinking.
Through the lesson plan review, it was noted that teachers increased the amount of
writing as compared to the years prior. Teachers keep their lesson plans on a website called
Common Curriculum. All Algebra 1 teachers are able to share their lesson plans with their
colleagues and administrators through this site. Writing was integrated into the Algebra 1
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classroom in the 2018-2019 school year only as a bell ringer, exit check or CRQ. The instances
of writing in the first two units of the 2018-2019 school year were mainly to activate prior
knowledge or experiences and to write about the steps to solve a problem. Students were only
required to write about the problem solving process when they were asked to complete a
constructed response question on a practice standardized test. Even then, writing was only
implemented sporadically, usually no more than once per week. Eight weeks of lesson plans
were reviewed for the 2018-2019 school year and each week, students were asked to write once
per week when they completed a CRQ question, and two to three times per week during a bell
ringer or exit check.
Throughout this study, teachers’ lesson plans reflected the use of writing as many as three
to four times per class period. Over the eight weeks of this study, Classroom A implemented
writing an average of 15 times each week, according to their lesson plans. Classroom B
implemented writing an average of 17 times each week during the same time frame. Teachers
moved from including writing in their lesson plans only at the beginning or end of the class
period in the 2018-2019 school year to implementing writing throughout the lesson plan during
this study. In addition, while writing was still utilized to activate prior knowledge and to write
about the steps to a problem-solving process, the purpose of writing shifted more toward the
thinking behind the problem-solving process. This was evident from the types of writing prompts
that were listed in the lesson plans. Even then, teachers used writing at times when they didn’t
plan to, as observed in the observations. Lesson plans reflected writing throughout the lesson,
especially to help students think about how to solve a complex problem.
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Additionally, writing moved from being a task designed for students to get their thoughts
on paper to a process that increased mathematical discussions. Teacher lesson plans reflected
implemented writing in their lesson plans prior to each major classroom discussions. Writing was
planned to be followed by either a pair, share activity or a teacher quick check. In the classroom
observations, it was evident that the writing had become a routine practice that students knew
would lead to either sharing with their peers or their teachers.
Writing as a Tool Leading to Deeper Mathematics Dialogue and Reasoning
Teachers discussed how students have become accustomed to the idea that the writing is
getting their thinking on paper so that they can then communicate more effectively with their
peers and their teachers. During the observations, writing was used as a pre-cursor to discussion
or as a summary of a discussion that occurred in the classroom. Thus, writing became less of a
way for student’s to only record their thoughts and more of a way for students to prepare for a
deeper discussion about a concept or a summary of a discussion that had already occurred. It
was noted that writing became a process that students depended on to increase their confidence
in their own understanding of the content. Teacher B stated “By simply just having them write
how they would simplify each expression it increased their knowledge, increased their
confidence in themselves”. Teacher A stated
I think writing about mathematics helps them to more fully understand what they're doing
and maybe even why they have to do the steps that are involved…and as a result, their
confidence increases. I compare it to driving home. I can drive home and I'm almost on
autopilot because I know the process of how to do it, but if I have to explain to somebody
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else how to get to my house, I'm more specific. I take notice to smaller, more details to
better explain and guarantee that someone else is going to be able to find my house.
All of the teachers noted how writing led to detailed discussions about ideas and problem
solving strategies within the classroom. This theme also emerged during the classroom
observations. It was evident that there is an increase in mathematical dialogue that occurs as a
result of the writing process, both with peers and teachers. As compared to previous years, the
increase in mathematical dialogue in the classroom was abundantly clear in both of the classroom
observations. It was evident that teachers saw writing as a tool to increase this dialogue both in the
classroom and as a formative feedback tool.
It was evident in the review of lesson plans that teachers followed writing by a pair-share
activity, a write and connect opportunity, a classroom discussion, or a chance to provide immediate
feedback on student’s thinking. Students were encouraged to use content vocabulary in their
writing and, in turn, their speaking. Teachers encouraged this through the use of the two dollar
summary where students got more money if they used certain vocabulary words. Teachers also
encouraged this by simply listing words on the board that needed to be included in their writing.
It was evident that students understood that they needed to use the time they were provided to write
deeply so that their responses would make sense to their peers and teachers. During observations,
it was evident that routines had been established for writing and dialogue. It was observed that
students expected dialogue to occur and readily engaged in it. During the observations, students
who struggled with writing were assisted by a teacher or another peer to engage, but all students
were expected to engage and did so during my observations.
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How Writing is Used Effectively as Formative Assessment in the Mathematics Classroom
Teachers were asked during the interviews if they have used writing as a formative
assessment and what data it provided to them if they had used it as such. In the pre-interviews,
the two co-teachers stated that they either had not used writing as a formative assessment or had
used it only on constructed response questions (CRQ). Their regular education colleagues shared
that they had used it more regularly as a formative assessment. In both pre-and post-interviews,
the regular education teachers saw benefits to using writing as a formative assessment. For
example, in the pre-interview Teacher A stated “I use writing all the time as formative
assessment, it's the only way I really use it”. In the post-interview, Teacher A stated “I use
writing as a formative assessment all the time…it really helps me understand how well they are
understanding certain concepts, what the depth of that knowledge is”.
The focus on using writing as a formative assessment was more pronounced in the postinterviews for all of the teachers. For example, Co-Teacher B had previously stated that the only
time she had used writing as a formative assessment was on CRQ’s tied to the learning target for
that lesson. She stated in the post-interview that writing “allows us to see…the mistakes that
kids are making and then allows us to have those one-on-one conversations, so when they get to
practice, hopefully that mistake isn’t being repeated.” Teacher A stated that
It really helps me understand how well they are understanding certain concepts, what the
depth of that knowledge is, and is it just surface level, oh….I can robotically tell you the
answer or can I think through the problem a little bit more? So it definitely has provided a
lot of insight into the different levels of students I have within the classroom.

92

THE IMPACT OF COLLINS WRITING ON STUDENT ACHIEVEMENT IN THE ALGEBRA
1 CLASSROOM
All of the teachers reported that the use of writing as a formative assessment was
important to their instructional practices by the end of this study. Teachers discussed that seeing
students writing gave them an in-depth view into the thinking behind the process of solving a
problem. They discussed specifically that if students were stuck on a particular problem, they
would have them write about their thoughts about how to solve the problem. It was noted that the
writing process helps the student to be able to write their thoughts and to read them back on their
own. Then, the conversation between students and the student and the teacher becomes deeper
and more personal because the thought process has already been written. This gave teachers an
opportunity to quickly read and correct thinking errors or misconceptions.
Teachers discussed how students writing about their thinking helped them to quickly
determine the thoughts that were behind the mistakes they were seeing students make. For
example, Teacher B stated that when teaching a new concept within the unit, they realized that
students were struggling. When they realized this, they decided to have students write about their
thought process in relation to solving the problems. Then they had students collaborate with each
other. The teacher noted that this process increased student confidence, allowed the teachers to
get important feedback about concepts students were and were not understanding, and quickly
cleared up misconceptions that were evident.
The classroom observations not only gave insight to the way that teachers use writing in
the classroom, but also their own teacher moves in the classroom. While students were writing,
there was no dialogue between students and minimal dialogue between teacher and student.
Instead, teachers used this time to circulate throughout the room, looking over students shoulders,
reading responses, asking students to expand, dig deeper, or reflect on what they had learned earlier
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in the lesson or the day prior. During the observations on October 8 th in Classroom A and October
10th in Classroom B, teachers were observed using this time to quickly collaborate with their coteacher about the responses they were seeing, the areas where students were correctly thinking
about mathematical concepts, and the areas where students were still struggling or thinking about
the concept incorrectly. When the students were done writing and moving into the sharing time,
teachers also used this time to have students expand upon their thinking or clarify their current
thinking. Additionally, teachers relied on writing and sharing to inform their instructional practices
both in the moment and in preparation for future lessons. During observations field notes discussed
that teachers were seen collaborating throughout the lesson, after the lesson and during PLC’s
around the way that students were communicating about their understanding of the concept being
taught, both in writing and verbally.
Benefits of Professional Development Related to Literacy-Based Strategies Within the
Mathematics Classroom
Teachers were also asked in the post-interview about how the professional development
they received had affected the way that they implemented writing within the classroom. Each
teacher responded that it had affected the way they implemented writing. Co-Teacher A
discussed that she implemented writing a lot more than in the past and discussed how the
professional development helped her guide the writing and conversations that occurred during
her class. The other three teachers discussed the most powerful part of the professional
development for them was the weekly PLC’s. Teacher B put it this way
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The professional development holds me accountable across the board. If other teachers
who are teaching the same subject are getting their students to write…I have to be having
my students write…Just being able to collaborate with other teachers…having just
different ideas, bouncing different ideas off of other teachers about different ways to get
their students to write.
Co-Teacher B stated that the professional development had made her more mindful to
incorporate writing and speaking every day and throughout each lesson, not just the beginning or
end of the period. She went on to explain
you don’t help them at all if you’re up there explaining everything and they are just
sitting there watching you. They have to do it themselves…to give the opportunity for
discussions, for kids to explain how did they get the correct answer, or someone got the
incorrect answer…they see their mistake pretty fast.
Teacher A discussed the collaboration that occurred through the professional development
benefited her tremendously. In addition, she mentioned that the articles she had read
kind of opened my eyes to…the importance of writing, because even for myself, in the
beginning I was a skeptic as to why (writing) had much value. But I really do see the
value in it, and I’m trying very hard to have my kids writing and speaking on a daily
basis as much as possible.
Co-teacher A identified the articles and the collaboration that occurred during the weekly PLC
time as essential to the implementation of writing. She stated the importance of being able to
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bounce ideas off of colleagues, discuss struggles with the implementation process and
brainstorming about how to implement writing and speaking into each lesson.
Summary
Overall, the interviews discussed the benefits that writing within the mathematics
classroom brought to their students. All of the teacher participants discussed their belief that
writing within the mathematics classroom can be a powerful tool for the students and the teacher.
In addition, teachers reported that writing usually led to substantive mathematical conversations,
conversations that were not always possible when writing was not implemented. Teachers
believed that these substantive conversations were possible because students had time and a safe
space to write about their thinking and problem-solving ideas prior to sharing with peers, the
class, or teachers.
Quantitative Data
Quantitative data were collected throughout this study through the use of common unit
assessment data that were administered to all Algebra 1 students at the end of each unit. These
assessments have been administered at the end of each unit in all Algebra 1 classrooms for the
past three years. The assessments are aligned with the PA Core Standards for Algebra 1 and the
standards are specifically aligned to the Algebra 1 Keystone Exams.
The following data tables show a three year comparison of averages on the common
assessments. The first unit of each year is data analysis, followed by operations with real
numbers. The data presented from 2017-2018 reflect minimal and voluntary implementation of
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Collins Writing throughout the school year. The 2018-2019 data reflects when Collins Writing
was not implemented throughout the school year. The data reported from 2019-2020 are data
after a specific focus on the Collins Writing Program and professional development on reading,
writing, and speaking in the mathematics classroom.
Table 4.1. Three Year Common Assessment Average Score Comparison

As is evident, the average scores improved in both classrooms when compared to the year
prior. Both teachers showed similar growth in their common assessment data. Teacher A and CoTeacher A improved their scores on the Data Analysis Common Assessment by 9%. Teacher B
and Co-Teacher B improved their scores on the Data Analysis Common Assessment by 8%.
Students who received instruction from Teacher A and Co-Teacher A improved their scores on
the Operations with Real Numbers Common Assessment by 12% while students receiving
instruction from Teacher B and Co-Teacher B improved their scores by 10%.
These data point to an increase in achievement in both classrooms when compared to the
year prior. When you compare the average scores to the 2017-2018 school year, the Data
Analysis Common Assessment data show negative growth for both teachers, -3% and -1% for
each teacher respectively. When comparing the average on the Operations with Real Numbers
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Common Assessment from the 2017-2018 school year, both groups of students showed growth.
Teacher A reported growth of 11% and Teacher B reported growth of 4%. This could be due, in
part, to an increased focus on reading, writing and speaking and additional professional
development provided to teachers by the start of the second unit of study.
Additionally, data were analyzed through the use of the Statistical Package for Social
Sciences (SPSS) Program. Independent-samples t-tests were used to compare the results of the
common assessment from the 2018-2019 school year to the 2019-2020 school year. The two year
comparison was chosen over a three year comparison for this data due to the fact that during the
2018-2019 school year, very little, if any, writing was included in instruction in the Algebra 1
classes that participated in this study. In order to get a true indication of the impact of literacybased strategies within the classroom, it makes sense to include only the two year comparison
data. Below, the SPSS output for the independent-samples statistics is shown and discussed for
each classroom.
Table 4.2. SPSS Output for Independent-Samples Statistics for Class A Unit One Common
Assessment

t(78) = -3.54, p < .05, Glass’ delta = 0.3
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Table 4.3. SPSS Output for Independent-Samples Statistics for Class B Unit One Common
Assessment

t(80) = -2.44, p < .05, Glass’ delta = 0.5
Classroom A showed a growth in the average scores between the two years of
approximately 8.5%. Also important in the data collected from Classroom A is the fact that the
standard deviation decreased by approximately 7.5%. This is important because not only did the
average increase, but the scores were more closely clustered together. Classroom B showed a
growth of approximately 8.7%. The standard deviation for this classroom also decreased by
approximately 4.4%. Glass’ delta was also computed for each of the classrooms to determine the
magnitude of the effect of the Collins Writing Program. Glass’ delta for Classroom A was 0.3
and Classroom B was 0.5. Following the rule of thumb suggested by Cohen (1988), a small
effect size was evident in Classroom A, while a medium effect size was evident in Classroom B.
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Table 4.4. SPSS Output for Independent-Samples Statistics for Class A Unit Two Common
Assessment

t(78) = -3.54, p < .05, Glass’ delta = 0.8
Table 4.5. SPSS Output for Independent-Samples Statistics for Class B Unit Two Common
Assessment

t(80) = -2.92, p < .05, Glass’ delta = 0.5
Once again, scores improved in both classes when compared to the previous year.
Classroom A showed a growth in the average scores between the two years of approximately
12%. The standard deviation for this classroom only decreased by approximately 1%. Classroom
B showed a growth of approximately 9.5% and decreased the standard deviation by
approximately 6.4%. Glass’ delta was also computed for each of the classrooms to determine the
magnitude of the effect of the Collins Writing Program. Glass’ delta for Classroom A was 0.8
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and Classroom B was 0.5. Following the rule of thumb suggested by Cohen (1988), a large effect
size was evident in Classroom A, while a medium effect size was evident in Classroom B.
In addition to the one-sample statistics, the common assessment data from each
classroom was compared to the year prior using a box and whisker plot. These data were
uploaded to an Microsoft Excel spreadsheet. Using the Excel chart builder, a box and whisker
plot was made. The box and whisker plot analysis is important because it compares the median
of the data. While the averages were discussed at length above, the median scores are important
to note how the data is distributed. The mean is also shown on the box and whisker plot using an
“X”. The box and whisker plots are shown below, followed by a short discussion of the data.
Figure 4.1. Box Plot for Class A Unit One Common Assessment Data
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Figure 4.2. Box Plot for Class B Unit One Common Assessment Data

The box plots for the first common assessment show improvement in both classrooms.
Classroom A showed improvements in every area. The range of data in the 2018-2019 school
year, excluding the outlier, was 90 points, ranging from 10% to 100%. The range of data in the
2019-2020 school year improved to 70 points, ranging from 30% to 100%. Also important to
note is the fact that the lower quartile of data improved from 50% to 58%, the median score
improved from 69.30% to 73.00% and the upper quartile improved from 81.25% to 89.50%.
Classroom B showed similar improvements. The range of data in the 2018-2019 school
year, was 69 points, ranging from 28% to 97%. The range of data in the 2019-2020 school year,
excluding the outlier, improved to 47 points, ranging from 53% to 100%. Additionally, the
minimum score improved by 25 points between the two years. The lower quartile improved from
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59% to 72%, the median score improved from 78% to 82% and the upper quartile improved from
88% to 92%.
It should be noted that this comparison is a two-year comparison of data. While there
were different groups of students, the test remained the same. In addition, this was the first unit
where Collins writing was implemented. Lesson plans reflected the implementation of literacybased strategies throughout the unit improved toward the end of the unit and especially in unit
two. These data point to not only the increase of scores on the first unit common assessment, but
also an decrease in the range of scores and, perhaps more importantly, higher scores clustered
together.
Figure 4.3. Box Plot for Class A Unit Two Common Assessment Data
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Figure 4.4. Box Plot for Class B Unit Two Common Assessment Data

The box plots for the unit two common assessment reflect similar trends when compared
to the unit one common assessment data. Unit two data is, in fact, more pronounced in the
growth. When comparing the unit two data, Classroom A showed remarkable growth. The range
in scores decreased from 54 points, to 42.5 points. Additionally, the lower quartile of data
improved from 56.75% to 69.44%, an increase of nearly 13 points. The median of the scores
improved from 70.92% to 82.25%, an increase of around 11 points. The upper quartile of scores
improved from 84.75% to 95.69%, an increase of nearly 11 points.
When comparing the unit two data in Classroom B, similar growth was observed. The
range in scores decreased from 62 points to 37 points, excluding the outlier. In addition, the
lower quartile of data showed growth from 59% to 76%, an increase of 17 points. The median of
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the scores improved from 78% to 86%, an increase of 8 points. The upper quartile of scores
improved from 90% to 92%, an increase of 2 points.
Looking at these data collectively, it suggests that literacy-based strategies within the
mathematics classroom have a positive effect on student achievement. There was significant
growth from the previous year, however, there was mixed growth data when comparing the
2017-2018 school year averages with the 2019-2020 averages. While positive results were
evident in this study, further research will be needed to determine the extent to which literacybased strategies impact student achievement.
The data collected and presented in this chapter, both qualitative and quantitative, point
to the positive impact that a literacy based approach to mathematics instruction can have on both
student achievement and quality mathematics teaching. There was an increase in student scores
on the classroom based common assessments in both classrooms involved in this study. In
addition, the qualitative data presented points to the positive impact that such an approach can
have on a teachers approach to teaching and learning. In chapter five, I will discuss the findings
that were presented in this chapter.
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Chapter 5: Discussion, Limitations, and Next Steps
The purpose of this chapter is to discuss the findings that were presented in chapter four.
The discussion will center around the implications that these data have on teachers practice in the
mathematics classroom. In addition, I will discuss the impact that a literacy based approach to
teaching mathematics can have on all stakeholders. I will also discuss the limitations that were
present in this study that may have affected the data collected. Finally, I will discuss what I have
learned as an educational leader and the implications that this study can have for other
educational leaders.
Discussion of the Findings
This study focused both on qualitative and quantitative data points. These data sources
show evidence that writing within the Algebra 1 classroom can have significant benefits to
mathematical achievement. The quantitative data showed improvement in average test scores.
The qualitative data showed significant value to implementing writing within the mathematics
classroom.
As discussed in chapter four, the quantitative data showed significant growth when
comparing 2019-2020 summative assessment data to the 2018-2019 data. For the unit one
summative assessment, a small decline in summative assessment scores was observed when
comparing 2019-2020 data to 2017-2018 data. This could be due, in part, to teachers just
beginning to implement writing into the mathematics classroom this year. In addition, the writing
in the mathematics classroom is something that students needed to adapt to as well. Writing in
the mathematics classroom was implemented in the 2011-2012 school year and slowly faded out
until this school year. There was significant growth in the unit two summative assessment data
when compared to both the 2017-2018 and 2018-2019 data. This may point to the increased
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comfort level of teachers and students toward writing within the classroom. In addition, the
professional development was briefly conducted prior to the planning of the first unit. The
second unit included a more intense focus on reading, writing and speaking within the
mathematics classroom. Still, the mixed growth data is something that should be examined
further in future studies.
The qualitative data showed teachers responding positively to writing within the Algebra
1 classroom. Data collected from teacher lesson plans, weekly PLC meetings, interviews with
teachers, and classroom observations were all positive. When looking at each of these
individually as well as collectively, teachers and students can benefit significantly from the
implementation of writing and speaking within the math classroom.
Teacher lesson plans reflected growth in implementation of writing within the math
classroom. The frequency of implementation increased in both classrooms. More important than
implementation frequency is the way that writing was thought about in the planning of lessons.
Prior to this year, writing was typically used only as a bell ringer or exit check. While both
continued to be observed throughout this study, writing became more of a practice that was
implemented at various points throughout the entire lesson rather than just the beginning or end
of a class period. Teachers used writing more often as a pre-cursor to powerful conversations
around the problem solving process and the concept behind this process. This led to increased
collaboration, both with peers and teachers. In addition, teachers plans reflected a focus on
students developing ideas and critically thinking about mathematical concepts rather than
focusing on rote memorization of steps or a mathematical process. Teachers used writing to
create opportunities for students to record their thinking and share that thinking with their peers.
In addition, teachers utilized this time, both during student writing and student sharing, to reflect
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on student discussions and were observed changing instruction in the moment to clarify
misconceptions prior to moving on to more practice.
The weekly PLC meetings and the professional development days provided to teachers
were also received positively. Teachers used this time to collaborate with their colleagues,
particularly about how and when they were implementing writing within the classroom. Also
important was the opportunity for teachers to share their concerns and challenges. The collective
efficacy that was observed throughout this study from the four teachers was profound. Each of
the teachers was invested in the implementation process and with the process of holding each
other accountable, even when it became difficult. In addition, teachers shared ideas and ways to
make writing and speaking within the mathematics classroom more meaningful. Finally, the PLC
time served as an opportunity to review articles about the TRU Framework, The Five Math
Practices, the PLN Framework, and Collins Writing. This helped to frame not only this study,
but also helped teachers to practically apply the learning to their classrooms.
The classroom observations showed the variety of ways that teachers implemented
writing within the classroom and was a positive indication as to the ways that writing can benefit
student understanding of mathematical concepts. The observations also allowed me to see how
teachers can encourage writing with students who are hesitant or refuse to write. The dynamic
classroom dialogue that was observed through the classroom observations was viewed as a direct
result of the writing prior to the class discussions. The writing and speaking process in the
classroom was also shown to be key moments throughout the class period that teachers were able
to collaborate with their co-teacher and with students to quickly determine areas where student
thinking was developed or needed further development. Teachers used these moments as
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formative assessments that helped to guide their instruction in the moment and in subsequent
days.
The teacher interviews gave some of the most powerful qualitative data for this study. As
was discussed in chapter four, teachers were very positive about the impact that writing has on
both student achievement and on their own instructional practices. Teachers saw writing as a
quality formative assessment tool that helped them to not only see a mathematical answer, but
most importantly, the thoughts behind the answer. All of the teacher participants in this study
noted that the feedback they received from the writing and speaking within the classroom helped
them to identify student misconceptions quickly and adjust instruction accordingly. In addition,
several teachers discussed how writing helped students to take ownership of their learning and to
feel more comfortable making mistakes because they knew that their peers or a teacher would be
able to identify it and help them to correct their thinking.
Another key data piece received from the interviews was the fact that although barriers
exist to writing within the mathematics classroom, the teachers in this study found ways to
address these barriers. For example, students who struggled with writing were allowed to
verbalize their responses and then either write after discussing their thoughts or have the teacher
write for them. Students who were afraid that their thinking was wrong were encouraged to write
as a way to safely make a mistake. This was noted by one teacher as creating a culture where
students understood that they were able to make mistakes and that mistakes were an integral part
of learning.
Finally, teachers noted that writing was a key component to dynamic classroom
discussions surrounding mathematical problems. Writing was almost always used prior to a
classroom discussion related to solving a problem. They discussed how the writing was a way to
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get all students involved and record their thinking. Then, the sharing to peers and teachers
became more powerful because they already had recorded their thinking and were prepared for a
discussion on the topic.
The power of writing in the mathematics classroom is clearly evident through the
qualitative data discussed. The teachers in this study were able to articulate the importance that
writing played in their students achievement and their own instructional practices. Teachers
particularly noted that writing was one of the best ways to understand where their students
misconceptions were and what instructional moves they needed to make to clarify these
misconceptions. While the quantitative data is mixed, it too points to an increase in student
achievement that could be linked to writing within the mathematics classroom. Further research
will need to be conducted to determine this.
Contributions to the Field of Educational Leadership
Writing across the curriculum is not a new concept in the field of educational leadership.
However, writing in mathematics classrooms is one of the areas that continues to be a greater
challenge than other content areas. Educational leaders should continue to provide opportunities
for mathematics educators to participate in professional development regarding infusing literacybased strategies into the mathematics classroom. In addition, this study discussed the value that
educational leaders can bring to the improvement process. Through leading PLC’s, providing
feedback through walkthroughs, classroom observations, and review of lesson plans and relevant
data, educational leaders are a key member to the improvement process.
Throughout this study, I was able to see the positive impact that writing within the
mathematics classroom can have on student achievement and teacher understanding of students
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thinking about mathematics problems. This study adds to the body of research that was discussed
in chapter two in support of writing within the content areas. While further research is needed to
determine the impact that writing can have on student achievement, this study is particularly
important because it clearly points out the benefit that writing can have on classroom dialogue
about mathematical concepts and the teachers understanding of student thinking.
Educational leaders and mathematics educators should continue to find ways to infuse
every lesson with opportunities for students to read, write and speak about their mathematical
thinking. Students who are able to write about their thinking are able to take ownership of their
ideas and share them with peers and teachers. Teachers, in turn, help students through this
process by questioning, probing for deeper thinking, and clarifying misconceptions. If teachers
can clarify misconceptions prior to students practicing problem solving, powerful learning can
take place.
Recommendations and Implications for Educational Leadership for Social Justice
Many educational leaders may question what literacy based instruction within the
mathematics classroom has to do with social justice. As discussed throughout, schools across
America continue to struggle to reach all mathematics learners. Particularly, schools have found
it difficult to reach students who have a learning disability, are considered economically
disadvantaged, or are a member of a minority group. This study was conducted in a school where
the majority of students are considered economically disadvantaged. In addition, the classrooms
that participated in this study had a diverse group of students. Approximately 25% of the
students in the classes were identified with a learning disability and over 40% were black or
multiracial.
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Pennsylvania refers to these groups as historically underperforming student groups. If
mathematics educators can help all students to take ownership of their ideas and mathematical
thinking through writing and speaking in the mathematics classroom, these groups of students
can once again find their voice in the mathematics classroom. Mathematics teachers would do
well to encourage all of their students to think through problem solving, to be literate
mathematical thinkers and speakers, and to be able to defend their thinking with precise
mathematical vocabulary and concepts.
Algebra 1 is often referred to as the gateway mathematics class. As discussed numerous
times throughout this dissertation, students failure to pass basic Algebra classes at the college
level is one of the leading reasons for dropping out of college. If teaching mathematics through a
literacy-based approach can help students to think about and articulate their understandings and
misunderstandings, this may be a key to improving achievement. In addition, if teachers can
create a classroom where all students are expected to articulate, either in writing or speaking, or
both, their mathematical thinking, teachers should be able to immediately support these students
in areas that arise as a result of this dialogue.
Limitations of the Study
There were multiple limitations to this research study. The study was conducted in a
district where I have been employed for over eight years. During these eight years, I have been a
mathematics teacher, a special education supervisor and currently serve as one of the principals
in the school where the study was conducted. In addition, I was the only individual that led the
PLC’s, conducted the classroom observations, interviews, and review of lesson plans.
As with any research, the risk for bias exists. To address this, I allowed the participants in
the study to review my field notes on professional development, interviews, classroom
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observations and lesson plans. Participants were provided a copy of all of the field notes and
transcripts of interviews to review for potential misinterpretations. In addition, I discussed my
analysis of both the qualitative and quantitative data that was provided from each classroom with
the classroom teachers prior to reporting it.
Another limitation of this study is that it took place in only Algebra 1 classrooms and
only with ninth grade students. While the positive impacts of writing in the Algebra 1 classroom
were discussed, further research should be conducted to determine its generalizability to other
settings.
Recommendations for Future Research
This study focused specifically on the Algebra 1 classroom and ninth grade students only.
Future research should be done to consider the impact that a literacy approach can have in a wide
variety of mathematics courses and grade levels. In addition, this study was conducted in a
suburban high school in Northcentral Pennsylvania. Further studies should be conducted to
generalize this approach across all educational settings. Further research should be conducted on
the impact that a broader literacy approach including reading, writing and speaking, rather than
just the Collins Writing Program can have on student achievement and mathematics education.
Implications for My Leadership Agenda and Growth
Throughout this research process, I have learned the importance of the instructional
leadership role that a school principal should play. I have gained a greater understanding of the
professional development process, the use of data to make informed educational decisions, and
the importance of PLC’s to improvement. In addition, I have learned the importance of feedback
to teachers regarding their implementation of educational initiatives. One of the most powerful
activities throughout this study was the utilization of the TRU Framework to observe instruction.
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The pre-and post-meetings and the focus on the cognitive demand element were powerful tools
to not only provide feedback to the teacher, but to also receive feedback as an educational leader.
Throughout this chapter, I discussed the findings of this study and the implications that
they have on my leadership growth, all stakeholders, and future educational research. The impact
that writing in the mathematics classroom can have on student achievement should be examined
further. This study showed the powerful impact that writing can have on mathematical
discussions, feedback to and from teachers, and a deeper understanding of mathematical
concepts. Mathematics teachers should continue to infuse their classroom instruction with as
much writing and speaking as possible to increase mathematical literacy, rich classroom
discussions, and powerful formative assessments and feedback.
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