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Abstract
The purpose of this Action Research Study was to document the effects of increased journal writing in a 5th grade math classroom. Areas of focus included descriptions of student strategies/processes, explanations of thinking, and metacognitive awareness embedded into a unit on Number Sense and Multiplicative Reasoning. Data collected included surveys, assessments, journals, assignments, and videos. Quantitative and qualitative analyses were conducted on these sources. Through analysis of the data, it was concluded that students demonstrated increased awareness of number properties/relationships, as well as improved reasoning about multiplication strategies. Student writing samples showed significant increases in clarity, thoughtfulness, and quantity over time. The data also suggested a notable increase in metacognition, leading to improved attitude, confidence, and motivation. It was demonstrated that the writing prompts allowed students a more personal relationship to the content and the classroom, which in turn led to deeper thoughts about the “hows” and “whys” of their personal mental processes. This was determined from statements students gave on both the assessments and surveys at the end of the studied unit, which showed significant increases in students’ own metacognitive awareness in regards to their personal connections between writing and learning. 
CHAPTER 1: INTRODUCTION TO THE PROBLEM OF PRACTICE


In this paper, I begin by presenting the focus of my proposed action research study.  I will first describe my problem statement, followed by my list of research questions.  Next, I review recent literature relevant to this problem. Then I describe the methodology and context of the study.  After that, I present my findings and conclusions drawn from those findings. Finally, I list all references and provide appendices of data collection/analysis instruments, as well as my proposed study timeline.

Problem Statement

The Problem of Practice I focus on in my research involves writing in the mathematics classroom.  In particular, I address the role of journal writing in conjunction with standards-based curriculum (e.g., Investigations).  I use integrated mathematical journaling in order to support students’ deeper understanding of math concepts, improve communication of ideas among students and between them and myself, and increase metacognitive awareness. I also work on setting norms necessary to successfully achieve these ends. 


As a 5th grade teacher, I teach math for approximately one hour each day.  When I began teaching several years ago, I taught with a procedural-based, teacher-directed, “I do / we do / you do” approach, and this was embedded into a formulaic math journaling process that my students used on a daily basis.  I now utilize reformed teaching methods to get my students to think more deeply about the mathematical concepts and construct their own procedures to prepare them for the math work they will be expected to engage with in middle school and beyond.

My former journaling practice has fallen by the wayside because it did not fit nicely with my new style of teaching.  My students do a great deal of talking about mathematic content, including ideas, strategies, and processes, but not a lot of writing it down.  I feel that writing is an important part of communication, including mathematical communication. My students often write across all other content areas in my class, usually with significant depth and thought, but this does not currently translate in the mathematics classroom.  I want to find a way to help them transfer these skills to math writing.

When I first tried to employ my former journal template within my new curriculum, I found it was a poor “fit.”  Not all sections were relevant to that day’s work or discussions, particularly when we were tackling an ongoing task or problem over several days.  My first attempts usually resulted in students writing only a sentence or two dictating the steps of what they did (e.g., “I multiplied the two numbers, and drew two rectangles to show the answers.”), explaining a concept in a way that makes no sense, or a very broad/shallow reflection that helps neither themselves nor myself.  For example, when working with concepts of odd, even, and divisibility, one student wrote “I can tell even or odd by counting because even numbers have all the same groups and odd numbers have all different groups” when explaining his process.  Although this is a starting attempt that may have stronger underlying ideas, it lacks clarity, and the student was only willing to explain further out loud, but not on paper.  Also, his eventual oral re-explanation had very little resemblance to what was written.  When finding factors of large numbers, another student wrote in the end-of-lesson reflection, “I figured out that factors are hard” as her only reflective statement.  It is common for some students to be willing to add detail orally, but those ideas often don’t translate into their writing.

In my ideal mathematics classroom, writing would be a naturally embedded process within each day’s lesson activities.  All students would journal, in a structured, but flexible format, their insights, processes, struggles, strategies, and solutions with clarity.  They would demonstrate their thinking through reflective metacognitition about how they worked that day, why they did what they did, including ideas about personal growth and improvement.  Student discussion would fuel their written work, and their written work would fuel their discussion.  Writing would be seamlessly intertwined with math class work, occurring before, during, and after exploring concepts and solving problems. I could also use each student’s math journal as a form of ongoing assessment, as it would clearly demonstrate a progression of what each student knows, thinks, and is able to do.  This ideal is what I mean when referring to “integrated mathematical journaling.”

Combining writing with mathematics is not a new idea, as mathematicians throughout history did a great deal of writing, and often even used words more frequently than numbers, symbols, or equations to express their ideas.  Writing within the math classroom, however, is not as prevalent or obvious, especially at the elementary level. The National Council of Teachers of Mathematics (NCTM) explains in their Principles and Standards for School Mathematics (2000) that schools need elementary and secondary teachers who are more proficient in orchestrating classroom discourse in ways that promote the investigation and growth of mathematical ideas. NCTM designates “Communication” as an essential math process standard for all grade levels, and states that “reflection and communication are intertwined processes in mathematics learning,” (p. 61) and that “written communication should be nurtured,” (p. 62).  Effectively incorporating regular journal writing into mathematics teaching and learning directly aligns with these standards.  


In William Zinsser’s book, Writing to Learn (1988), he states “Writing is a way to think yourself into a subject and make it your own.” (p.16). It is worth knowing more about how students can write to “think their way into” challenging mathematical subject areas.  This is related to “metacognition” or “metacognitive awareness.”  To me, these terms refer to the monitoring of memory and the regulation of self.  It involves students’ conscious awareness to adjust their own knowledge and learning by recognizing their strengths or struggles, insights or needs.  Further, in 2004, Marilyn Burns, the guru of Mathematics professional development, published “Writing in Math” in Educational Leadership, where she explained: 

Writing in math class supports learning because it requires students to organize, clarify, and reflect on their ideas—all useful processes for making sense of mathematics.  In addition, when students write, their papers provide a window into their understandings, their misconceptions, and their feelings about the content they’re learning. (p. 30)
This is precisely what I wish to capture by effectively integrating in-depth journal writing into my day-to-day math curriculum.

It is clear that students should write within my math class, but knowing more about this problem of practice will help me learn how to best implement these practices within my classroom, as well as its specific positive effects on my students’ learning. Finding realistic, practical ways to successfully implement reflective journaling with my reformed teaching curriculum model will have clear benefits for both myself and my students.  I will have a more rigorous, ongoing assessment tool, and my students will gain enhanced communication with deeper understanding of both the mathematics content and themselves as learners.

I specifically want to know what the best practices are in getting students comfortable with, and engaged in, mathematical writing.  I am interested in the effects writing through the subject matter will have on student thinking and talking about math.  I am also curious about how the metacognitive nature of reflective journaling will affect my students’ attitude, confidence, motivation, and overall success in the classroom.  My areas of inquiry can be summarized in the guiding questions found in the following section.

Purpose Statement and Research Questions


The purpose of my project is to implement journaling in the math classroom and document how it affects my students’ learning.  The specific questions I address in this study are:

· What happens when I include a more specific focus on writing during mathematics?

· How can I effectively integrate math journals with the Number Sense and Multiplicative Reasoning portion of an investigation-based curriculum model?

· How does journaling about mathematics experiences support students in describing their processes/strategies and in explaining their thinking?

· How can the math journals support students’ metacognitive awareness?

In the next chapter, I begin with a review of literature that relates to this study and informs my teaching.  Following that, in Chapter 3, I describe methods I will utilize to conduct the study.

CHAPTER 2: LITERATURE REVIEW


Teachers need to know what students know and are able to do.  For students, the educational experience is not just about memorizing a fact, calculating an answer, nor merely figuring something out.  For teachers and students to be most effective in their classroom roles, students need to explain what they know, and often how they know it; they need to articulate what they don’t know, and find ways to overcome their misconceptions.  In the math classroom, communication is the key to clarity.  With reformed curriculum models, students are expected to communicate mathematically, and although students are discussing more in math class, writing is still the communication mode lacking in most math classrooms, especially at the elementary level.  Both students and teachers struggle with the role of writing within mathematics.  In this chapter, I review the literature connected to writing for mathematical meaning and for metacognition, as well as specific strategies for implementing journals in the math classroom.

Writing for Mathematical Meaning

“Communication is an essential part of mathematics and mathematics education. It is a way of sharing ideas and clarifying understanding…The communication process also helps build meaning and permanence for ideas and makes them public. . . they communicate to learn mathematics and they learn to communicate mathematically.” (NCTM, 2000, p. 60)

The National Research Council (2001) defines five strands of mathematical proficiency: conceptual understanding, procedural fluency, strategic competence, adaptive reasoning, and productive disposition. I will look for evidence of the first three of strands when examining student journals for insight into meaning-making, and the last two as evidence of metacognition. Each strand relates to various aspects of my study, but the initial ones are tied to what I examine as evidence of mathematical comprehension and understanding. For example, with procedural fluency, I will look for student work showing a variety of effective procedures in solving multiplication problems. Strategic competence could be evident as students select effective strategies for solving number puzzles or answer word problems. When looking for improved conceptual understanding, I might see students better explaining mathematical ideas in words as evidence of increasing proficiency in this strand. 

Writing about mathematics allows another important avenue for student understanding where computational errors or oral inhibitions may cloud what students truly grasp.  Baxter, Woodward, and Olson (2005) looked at weekly journals of four low-achieving students in a seventh-grade general math class. The study revealed that despite being designated as years behind in math skills and lacking participation in class discussions, the writing of these students revealed deeper understanding. The authors summarized that “our analysis of the students’ journals identified multiple instances where the students were able to explain their mathematical reasoning, revealing their conceptual understanding, ability to explain, and skill at representing a problem.” (Baxter, Woodward, & Olson, 2005, p. 119). However, they also mentioned that further studies should be done on the depth of student retention of math ideas when writing is utilized in mathematics teaching and learning.  In my study, I plan to look at what journal writing reveals about student understanding of content, processes, and strategies.  
Scott (2007) reported similar findings from a different context, and also recommended a replication of the study to check if the same trends still emerge.  She found that students demonstrated higher levels of comprehension through their written responses at the end of the lessons. Scott studied 23 grade 5/6 students in a linguistically diverse Australian classroom. Four geometry lessons were taught and concluded with three journal questions that required extensive writing. The students’ written answers to those questions were analyzed by recording the number of examples listed and rating those examples using the Adapted Version of Bloom’s Taxonomy.  Scott stated that “There was evidence of students’ increased levels of understandings about concepts… There was also evidence that students (n = 12) were synthesizing their understandings that went beyond the tasks or saw connections between them” (p. 647). Scott, Baxter, Woodward, and Olson all found value in student writing for improved meaning making, especially for marginalized students, but also considered these findings preliminary and suggested further study. I hope to replicate their beneficial findings within my research.

Additional support for utilizing writing to increase math understanding can be found in the work done by Bainbridge, Ellis, and Wolodko (2003).  The researchers observed five elementary classrooms over 13 years, noting writing and teaching strategies used in math.  They found that integrated written work in the mathematics curriculum was an important tool for student learning. Bainbridge, Ellis, and Wolodko concluded, “Writing about their mathematics learning provides students with a mechanism through which to learn… We have observed that writing…helps children to build their conceptual understandings of mathematical ideas. In addition, writing helps students to articulate their developing conceptual understandings” (p. 17). Journal activities embedded into math class offer both the students and the teacher another means of uncovering genuine content comprehension.  As an added benefit, writing can help the writer discover more about his or her own nature as a math learner.
From this research, we see that writing in mathematics allows students another means to work through understanding the mathematical content. Also, the student written work in journals allows teachers another means of assessing what students truly know and are able to do.
Writing for Mathematical Metacognition
“Through communication, ideas become objects of reflection, refinement, discussion, and amendment…Reflection and communication are intertwined processes in mathematics learning…Writing in mathematics can also help students consolidate their thinking because it requires them to reflect on their work and clarify their thoughts about the ideas developed in the lesson. Later, they may find it helpful to reread the record of their own thoughts.” (NCTM, 2000, p. 60 & 61.)
The metacognitive nature of writing through one’s own thinking is another integral aspect of math journals that I will analyze.  The National Research Council’s latter two strands of mathematical proficiency—adaptive reasoning and productive disposition—make up what I term as “metacognition.” The definition for adaptive reasoning is “justifying and explaining one’s own practices and reflecting on those practices” (NRC, p.10) and the definition for productive disposition is the “habitual inclination to see mathematics as sensible, useful, and worthwhile, coupled with a belief in diligence and one’s own efficacy” (p. 5).  I believe these are integral aspects of mathematics learning.  Van de Stel, Veenman, Deelen, and Haenen (2010) tested the importance of this with 59 students age thirteen to fifteen. Their results showed that frequent use of metacognitive skills (as tallied during “think-alouds”) were a better predictor of math success on word problems than intelligence (as measured by standardized IQ tests), but the results were most significant in the oldest students.  I contend that this distinction is important for younger students as well.  I intend to look at evidence of metacognition in journals and discussions to see if it is indicative of problem solving success in my students who may be as young as age nine.
Writing is also a way for students to express personal reflective thinking.  McIntosh and Draper (2001) used math writing in the form of learning logs for several years in their classroom, and offer strategies and examples of effective implementation to this end. They show how use of this technique gives learners personal opportunities to clarify, refine, and consolidate their thinking process.  These teacher researchers state, “Students reflect on what they are learning and learn while they are reflecting on what they are learning,” (p. 554) to explain how this cyclic thought process is beneficial. In kind, one of the questions Scott (2007) used in her study, “What have you learnt which is somewhat different to what you already knew about yourself or the way you learn?” (p. 645), directly intended to garner this type of reflection.  She found that culturally diverse students were more willing to write responses to this type of question than they were to discuss their experiences or feelings during class. Similarly, Baxter, Woodward, and Olson found that “the teacher was surprised by the students’ ability to communicate their feelings and opinions. Students who had never spoken in class expressed strong feelings in their journals” (p. 132). This relates a more affective side to the purpose of math writing; students can find a means to connect more deeply with the subject matter and with their teacher.

Williams and Wynne (2000) described their attempts at using journal writing for the first time in two advanced high-school math classes.  Although they found it initially challenging due to student complaints and increased grading load, in the end the teachers found that not only did they appreciate the insight into student understanding, but also that the students themselves expressed desires to continue journal writing since it helped them learn to explain better and gave them more immediate feedback. Williams and Wynne made a distinction between “affective” and “mathematical” prompts, recommending that teachers “Alternate affective and mathematical topics for variety,” and that “the affective views encourage teachers to assess their teaching methods and classroom practices. Journals also give students opportunities to express themselves” (p.134). The personal metacognitive nature of writing should be considered when planning how to implement math journals most effectively into one’s classroom.
This work reveals that writing in middle and high school math classrooms supports students’ metacognition, which in turn positively impacts their success.  Further, we know that this more metacognitive-type writing lets students express feelings that allow them to connect to the classroom, content, and instructor on a more affective level.

Math Journal Implementation Strategies

“Mathematics communication can be reduced neither to a matter of curriculum nor to a matter of instructional processes—it is both. It is not a treatment or an outcome in relation to classroom instruction and learning—it is both.” (Lampert & Cobb, in NCTM, 2003, p. 246)
Several articles relay specific writing activities and how they were successfully implemented in math classrooms. One strategy I plan to try is relayed by Drake and Barlow (2007).  These educators and researchers examined how student problem writing, as opposed to just computational problem solving, was useful in revealing the true multiplication understanding of sixth graders.  Another strategy is described by Santa Cruz and Sanchez-Gutierez (2009) as being effective for helping English Language Learners simultaneously develop their written language and their mathematics learning.  They explain: 

Using new vocabulary in sentences can reinforce students’ understanding of the terms. A 2×2 sentence builder can help students link related words. Select four related vocabulary words that you want students to be able to use fluently. Place the words in a 2×2 grid. Ask your students to work in pairs to create a sentence using the two words in each column, row, and diagonal, for a total of six sentences. Emphasize that their sentences must be mathematical, complete, and correct. (Santa Cruz & Sanchez-Gutierez, p. 1)

These writing activities, along with several prompt types showed in the other articles reviewed, are ideal for replication or modification in my study.
Two underlying purposes of math journals are to increase student understanding, and to increase teacher awareness about their understanding by using this communication tool as a form of assessment. There are several articles that describe how math journals were implemented for these purposes in a variety of math classrooms. For example, some implementation suggestions mentioned by Williams and Wynne (2000) include:

· Using prompts as a type of lesson closure

· Giving students at least ten minute to write

· Assigning one journal entry per week

· Creating a grading rubric

· Grading with a color different from that used for homework, assignments, or tests

Although I intend to utilize some of these suggestions in my study, I will not have students only write for closure, but also sometimes at the beginning or middle of lessons as well. I also plan to use journal writing more than once a week, perhaps even every day.  Williams and Wynne initially started with two entries per week and found this too time-consuming for both their students and themselves.  In order to avoid this overload, prompts at the fifth grade level will not require full-page responses as required in these high school classes. Also, I will not grade every single response for every single student. Rather, I intend to score a random selection of responses from a rotating selection of journals on a weekly basis.

 Baxter, Woodward, and Olson (2005) observed examples of how a 7th grade teacher incorporated both expressive and expository writing into her daily math lessons through prompts.  She started the year with “open-ended prompts that elicited students’ opinions,” then “shifted…to write about their mathematical thinking,” and finally “As the students became more adept at writing about mathematical topics, she asked them to justify their explanations” (p. 21). These authors also recounted how these daily writing tasks were used to fuel class discussions and how the teacher wrote individual comments for feedback in each student’s journal.  

How to utilize student journals as tools for feedback is another underlying interest of my study. While investigating the relationship math notebooks have on the public nature of student practices, Fried and Amit (2003) recommended that student journal entries, especially when reflective or process-oriented, should remain private and not be graded.  They came to this conclusion after observing the teaching practices and student journal activities in two high-level eighth grade Israeli classrooms. I contend that the potential negative effects of sharing or scoring student journal entries can be mitigated by creating a non-threatening classroom environment where student work in journals is respected for its effort, even when incomplete or incorrect. Further, I will continually explain to students that teacher-assigned rubric scores are formative rather than evaluative, and provided to give students feedback on ways to improve over time, which should help them be comfortable taking risks in their journals.

Bringing it all Together


My study combines these ideas, implementing math journals to gain insight into how it influences student meaning-making and metacognition.  In all of the research, increasing writing and journaling in the mathematics classroom led to positive results in student learning.  This study will implement daily writing prompts very similar to the way Baxter, Woodward, and Olson (2005) described.  However, I will compress the transition timeline of prompt types into twelve weeks of specific 5th grade content, rather than spread out over the course of the 7th grade general mathematics content. Although the intent is to transition to more deep mathematical justifications in less than twelve weeks, I will still continue include occasional affective topics each week to maintain student interest as suggested by Williams and Wynn (2000). I will utilize very similar versions of the questions, prompts, tasks, and strategies from several of these studies in an attempt to replicate the findings or fill any gaps. Contrary to the recommendations of Fried and Amit (2003), I intend to strategically score student entries with a rubric, and students can keep their scores private for personal feedback, but they may choose to publicly share any parts of their entries during class discussions if desired.  I am countering Fried and Amit’s (2003) research because I have seen how rubric scores have positively impacted student motivation for improvement of draft work in writing class.  I believe that scoring student journal entries in math is a brief, yet effective way to make high expectations clearer to students. I also feel that student journals will be an important source for public classroom discussion, but will certainly allow this sharing to be on a voluntary basis to respect student preferences and privacy.

Although there has been much written on these topics, several studies indicated that further research should be done to attempt to replicate their results or uncover further implications. My study also adds to the field in that it will be conducted in a fifth grade classroom, a grade level only partially mentioned in the Australian literature.  Most math journal studies have been conducted in middle and high school mathematics classes.  I believe it is both feasible and important to prepare my younger students for the type of mathematical communication that will be expected due to their imminent transition out of the elementary setting into these upper grades.

In Chapter 3, I will describe the methods I intend to use to conduct my study.  Information about participants, the plan of action, data collection for each research question, and data analysis are included.

CHAPTER 3: METHODS


I begin by restating the focus of my action research study and re-listing the questions that will guide my research in order to situate the purpose of my plan. Then, I will briefly describe relevant demographic information about my students, the participants who take part in this study. Next, I outline the plan of action, noting the order of interventions I intend to implement during the twelve weeks of this study. After that, I lay out the indicators I looked for when collecting data for each research question.  I follow this with descriptions of each form of data I collected, along with how I analyzed the data.

Research Questions


The focus of my action research study was student writing in a daily journal during math class in order to improve student understanding of, communication about, and confidence in Number Sense and Multiplicative Reasoning. The following questions guided my study:

· What happens when I include a more specific focus on writing during mathematics?

· How can I effectively integrate math journals with the Number Sense and Multiplicative Reasoning portion of an investigation-based curriculum model?

· How does journaling about mathematics experiences support students in describing their processes/strategies and in explaining their thinking?

· How can the math journals support students’ metacognitive awareness?

Participants and Setting

Twenty-five 5th grade students participated in the study.  Although the classroom contained more students than this number, five students were omitted from data collection. The five students omitted were Special-Education students whose resource needs caused them to miss my classroom math lessons up to three times a week. Since they would not consistently receive the same instruction, I felt that data collected from these students may also not be consistent to the study.  Of the twenty-five remaining students, 56% are identified as Hispanic by parents on school admission forms, 20% identified as Black, and 16% are identified as Caucasian.  Of the two remaining students, one identified as Native American, and the other was listed as Other/Multiracial. Seventeen of the students (68%) qualify for free or reduced lunch based on state guidelines of socioeconomic status.  Five students are reclassified English Language Learners (ELL), which means that they have a primary language other than English, but tested out of requiring extended daily language-specific services. Two students are identified for GATE services (Gifted and Talented Education) and missed class once a week for special extensions. There are seven male students and eighteen female students included in this study (all five Special Education students whose data was omitted are male, so the class often has a bit more equal gender distribution during teaching, though girls are still the majority at 60%).

The mathematics in this class is taught for 90 minutes Mondays, Wednesdays, and Fridays, and for one hour on Tuesdays and Thursdays.  The curriculum is expected to help students gain proficiency in the Arizona Academic Content Standards for Mathematics (Arizona Department of Education: Standards and Assessment Division, 2010).  In the last few years, the school has transitioned to a more reform-based model of student-centered, discovery-based math teaching, and away from a textbook-based style of direct instruction.  Teachers are expected to utilize the Pearson/Scott-Foresman “Investigations” mathematics curriculum, but are both encouraged and expected to supplement the curriculum as needed to meet the needs of their students and state standards.

Action Plan


This study was conducted for twelve weeks in the in the Fall of 2011.  Data collection began in late August and concluded in late November. Although some preliminary data analysis was conducted during this time, more intense analysis occurred in November and December (see Appendix N for complete study timeline). Below I briefly describe the teaching moves I took during the twelve weeks, as well as summarize the data collection that occurred (for a more detailed week-by-week plan with all writing prompts, see Appendix G).


The beginning of the study focused on gaining initial data about where my students stood in content knowledge and attitudes before embarking on the journal writing process.  After gathering necessary consent from parents to conduct research and document findings for each student, I administered Pre-Assessments and Pre-Surveys to all students.  A 10-item Number Sense and Multiplicative Reasoning test (see Appendix A) was given prior to any content instruction. This was conducted during the entirety of a single math period on the first day of the study. A Student Attitudes Survey (see Appendix C) was also administered prior to any journal writing tasks, but was split between the following two math periods due to its length. After these initial data collection moves, I conducted early analysis of the results to see if any apparent strengths, weaknesses, or themes emerged that may augment my impending teaching plans or indicate further data needs. I also set up journal expectations with students by distributing and discussing the journal rubric (see Appendix D).


The next ten weeks involved strategic teaching moves and data collection in a similar fashion each week. I conducted my usual daily lessons in the content area, but focused on including specific journal writing integrations.  There were a minimum of two writing prompts each week, but some weeks included brief writing every day (See Appendix G). Many of the prompts and strategies I used for student journaling were versions of those suggested in the literature that informed this work.  I recorded video of two whole-group discussions during the study to catch evidence of student reasoning and journal use.  At the end of each week I collected five to ten student journal samples to read, score, and respond to in writing.  Notes from audio/video review and journal readings were recorded in a table for analysis (see Appendix F) of themes.  Finally, I wrote in my own personal reflection journal a minimum of once a week, and reviewed these reflections with open qualitative coding to see what trends emerged.


In the final week of data collection, I administered a similar Number Sense and Multiplicative Reasoning Assessment as given in the first week. The problems were identical, however the final assessment required explanations for each of the ten questions.  This was scored and compared to the initial Assessment to look for growth in content knowledge, procedures, explanations, processes, and metacognition, as well as any remaining weaknesses.  The same Student Attitudes Survey was also given again and compared to the previous one.  Trends and themes were noted to indicate growth or improvement in confidence or attitudes. Final journals were also collected, notated, and scored, with improvements noted and relevant samples copied. Extensive analysis of all the collected data began after the twelfth week.

Data Collection Matrices


I examined my research questions via the data collection methods that follow, as outlined in each triangulation matrix on the following pages:
	· What happens when I include a more specific focus on writing during mathematics?
	1st Data Source
	2nd Data Source
	3rd Data Source

	· 
	Pre/Post Student Survey
	Weekly Teacher Journal Entries
	Video segments and interviews of select students

	Brief Description of Data Source
	Several Likert-scale questions and a few open-response questions focused on students’ perception of their own math abilities and attitudes about writing in mathematics
	Teacher journal entries focus on observation and analysis of integration of writing activities during math class and student reactions to these activities
	Five students individually videotaped to answer interview questions at the conclusion of the study; a few whole-group discussions recorded

	Indicators
	How students perceive their math skills; How students feel about their communication skills; How students feel about writing and speaking in math class; How students demonstrate awareness of their own thinking
	Evidence of progress of students’ math reasoning (i.e., do students persist when they work on a difficult task, do students reflect back on their strategies after they have solved a problem, do students show increased willingness to write and/or talk about their strategies and struggles with other members of the class; do students value journals)
	Evidence of students utilizing journals (i.e., do students refer back to previous entries to inform current work and responses, do students use entries to inform their discussion, do students use entries to help other students); clarity of student descriptions and explanations of writing activities(oral); student opinions of process 


	· How can I effectively integrate math journals with Number Sense and Multiplication-based Investigations?
	1st Data Source
	2nd Data Source
	3rd Data Source

	· 
	Number Sense & Multiplication Assessments
	Weekly Teacher Journal Entries
	Student work samples from journals and other assignments

	Brief Description of Data Source
	Pre/Post Assessment consisting of 10 questions that require written explanations
	Teacher journal entries will focus on observation and analysis of integration of writing activities during math class and how these activities connect to the curriculum
	Student responses to reflective prompts and problem solving tasks

	Indicators
	Accuracy of student solutions (correct/incorrect); clarity of student reasoning/explanations (written words and/or shown work); validity of student mathematical reasoning; evidence of attempts at proof or double-checking solutions with different strategies
	Evidence of progress of students’ math reasoning (i.e., do students explain their reasoning, do students demonstrate increased understanding and skill, do students show connections between journals and other math activities/assignments, or lessons); Evidence of writing connections to the curriculum (i.e., which writing tasks connect to which curricular objective goals; teacher reflections on journal connections to curriculum )
	Accuracy of student solutions (correct/incorrect); clarity of student explanations (written); validity of student mathematical reasoning; evidence of attempts at proof or double-checking solutions with different strategies; specificity and honesty of self-reflective insights or questions; quality of written work scored with rubric (See Appendix C)


	· How does journaling about mathematics experiences support students in describing their processes/strategies and in explaining their thinking?
	1st Data Source
	2nd Data Source
	3rd Data Source

	· 
	Number Sense & Multiplication Assessments
	Video interview of select students and video clips of class  discussion
	Student work samples from journals and other assignments

	Brief Description of Data Source
	Pre/Post Assessment consisting of 10 questions that require written explanations
	Five students will be individually videotaped answering interview questions at the end of the study; clips during class
	Student responses to reflective prompts and open-ended problem solving tasks;

	Indicators
	Accuracy of student solutions (correct/incorrect); clarity of student explanations (written and oral); validity of student mathematical reasoning; evidence of attempts at proof or checking solution with different strategies
	Evidence of students utilizing journals (i.e., do students refer back to previous entries to inform current work and responses, do students use entries to inform their discussion, do students use entries to help other students); clarity of student descriptions and explanations 
	Clarity of student explanations (written); validity of student mathematical reasoning; evidence of attempts at proof or double-checking solutions with different strategies; specificity and honesty of self-reflective insights or questions


	· How can the math journals support students’ metacognitive awareness?
	1st Data Source
	2nd Data Source
	3rd Data Source

	· 
	Pre/Post Student Survey
	Weekly Teacher Journal Entries
	Student work samples from journals

	Brief Description of Data Source
	Several Likert-scale questions and a few open-response questions focused on students’ perception of their own math abilities and attitudes about writing in mathematics
	Teacher journal entries will focus on observation and analysis of integration of writing activities during math class and student reactions to these activities.
	Student responses to reflective prompts and open-ended problem solving tasks

	Indicators
	How do students perceive their math skills; How do students feel about their communication skills; How do students feel about writing and speaking in math class; How do students demonstrate awareness of their own thinking
	Evidence of progress of students’ math reasoning (i.e., do students persist when they work on a difficult task, do students reflect back on their strategies after they have solved a problem, do students show increased willingness to talk about their strategies and struggles with other members of the class); Evidence of students utilizing journals (i.e., do students refer back)
	Clarity of student explanations (written); evidence of attempts at proof or double-checking solutions with different strategies; specificity and honesty of self-reflective insights or questions


Data Collection and Analysis

Pre and Post Student Survey

I gave all thirty students in my class a survey at the beginning and end of the study (See Appendix C).  The survey was given during class and took two 30-minutes sessions to complete each time.  It focused on students’ perceptions of math, their own abilities, their thought processes, and writing in math class.  One goal of the surveys was to gain an initial understanding of the assumptions, attitudes, beliefs, and experiences students bring with them to math class.  I wanted to see if these changed over the course of the study, and thus compared responses on the two surveys.  Surveys had the option of anonymity, but a few students chose to write their names.  The survey had a combination of likert-scale items and open-ended questions. For example, two likert-items included, “Writing is important to math,” and “I can clearly explain my thinking about math problems.” Open ended items included descriptions such as, “Describe in detail on writing activity you remember well from math class” and questions such as, “What do you think is important about using writing to learn math?”
To analyze the surveys, student responses to likert-scale items were tallied with means and percentages calculated. I looked at how student answers to various likert-item responses compared to other likert-items, as well as to certain open-ended questions within each student’s own survey. For example, I examined agreement to the statement “Math is hard” compared to the statement “I like math” to see if there was a correlation between difficulty and enjoyment. Open-ended questions were coded according to themes that arose within the responses and tallied according to the categories generated. For example, to the statement, “name one way you could improve your learning in math,” I looked at all responses and then grouped them according to similarities such as vague/unrelated responses, those including some type of “extra work,” mention of strategies, writing/speaking, or types of increasing effort. The tallies, calculations, and themes from the pre-survey were compared to the same tallies, calculations, and themes on the post-survey to look for group change.  Since some elected to remain anonymous on their surveys, most analyses were done on class-wide results.  However, for a few students who choose to put their names on surveys, those surveys were analyzed for individual changes.
Weekly Teacher Journal Entries
I kept a personal journal to keep track of my insights during this study (See Appendix M for a sample entry).  I recorded struggles, successes, and other notable thoughts at least at the end of each week, and occasionally mid-week as they arose.  By the end of the study, I had twelve pages of journal entries.  Through my journals I realized what went well in student writing about mathematics, as well as what teaching strategies needed to be modified during the study.  

To analyze the journal entries, after writing each week’s entry, previous weeks were reviewed to look for themes that emerged from my own perspectives, as well as anecdotal trends I record about participants.  From these themes and trends, a coding system codes emerge for classifying relevant data. For example, I used an “M” to note evidence of students being metacognitive, and “R” for students looking back in their journals for reference, an “S” for sharing of strategies, and a “C” for ideas about student writing fueling their verbal communication.  These were further divided into activity codes on student behaviors, strategy codes for teaching tactics, and methods codes involving comments about my own process, procedures, pleasures, and problems. When all reviewing and coding was complete, I looked for patterns that demonstrated how incorporating writing affected my students, myself, and the math content knowledge during the study.
Video Recordings of Whole-Group Discussions and Individual Student Interviews
I recorded samples of my students in action to see and hear how they use their math journals at a few select points in the study.  I noted evidence of the journals contributing to their communication and/or utilized as a reference when they are “stuck” on something. At the end of the study, I conducted one-on-one interviews (See Appendix E) of four students to get their personal perspectives of the journaling process with examples.

To analyze video tapes of students talking and working, I created a tally coding chart (see Appendix F).  The purpose of this tally chart is to help me keep track of how my students were utilizing (or not utilizing) their journals and how they were communicating (or not communicating) about the mathematics.  Using this tool, I watched the video tapes and took notes.  After recording students’ actions, I looked for patters to see if the journals and writing tasks were helping students explain themselves more effectively, participate more successfully, and/or demonstrate greater awareness of their own learning processes. For the one-on-one student interviews, I transcribed answers to questions that revealed interesting insights and utilized the form in Appendix F to record the ideas that arose.
I gave all thirty students a 10-item assessment on Number Sense and Multiplicative Reasoning at the beginning and the end of my study.  The pre-assessment was given during a single math period, and took the entire hour to complete. The post assessment took two math periods to complete since it required students to show their work, explain their reasoning, and defend/support their strategies. The first item on the assessment, intended to be easily solved by all students, was simply to multiple 5 x 10. A mid-range challenge question in the middle of the test asked students to list the factors of 36, and, on the post assessment, explain how they found them all. The final, and most challenging, question on the test was a comple, multi-step equation that utilized all aspects of the Order of Operations. Students were allowed to use their math journals on the post-assessment.  The major goal of the assessment was to look for growth in student mathematical knowledge, reasoning, and communication by comparing the pre-assessment results to the post-assessment results. 

The pre and post content assessments were scored out of 10 points for accuracy/correctness, as well as had open response questions notated for quality and content. Each content question was arranged roughly in order of increasing difficulty. For my analysis, each question was worth one point, regardless of difficulty. A half point was awarded for correct reasoning on the question, and another half point for a correct answer. I did this so a wrong answer could still receive partial credit if there was just a minor calculation error, or similarly, a correct answer could only receive half credit if there was no evidence of reasoning (e.g., the student may have copied or guessed). To analyze the written pre and post content assessments, select responses were notated with open coding to elicit themes.  The final scores for each assessment were also represented as a percent correct so class average scores could be calculated.  Additionally, copies of student work and notes were taken to highlight points of interest or concern as they arose. The same process was conducted with the post assessments and the results compared between the two to show growth, but greater attention was paid to written responses on the Post Assessment since students had more understandings to write about.  Scores per item could result in one of four scenarios: no point, half point for reasoning, half point for correct answer, or whole point for both correct reasoning and correct answer. This item analysis was put into a table to more easily see where student struggles and successes lied, as well as see growth between the two tests. Open responses were coded for themes that arose within the categories of metacognition, process/strategy explanations, journal use, or other content ideas. These codes were analyzed for trends and select samples were copied to capture examples of exact student wording.
Student Work Samples from Journals and other Assignments
At the end of each week, I collected five to ten student journals.  I read, reviewed, commented upon, and copied relevant samples of each journal.  The journals were collected on a rotating basis so that I saw each student’s journal at least three times during the twelve weeks.  I hoped to learn how students were utilizing their journals (See Appendix K for a sample entry).  The journals contained student notes, problem-solving tasks, and responses to reflective prompts.  I wrote comments in students’ journals in order to prompt further reflection.  I also scored select journal entries using the rubric that was explained and given to students (see Appendix D).  Additionally, sample copies of various student work (homework, worksheets, in-class tasks) were be collected throughout the study to show various elements of student reasoning and communication on assignments outside of their journals.

To analyze student journals, sample copies were made weekly and open-coded as themes emerged in metacognitive awareness, mathematical reasoning, number sense, or other topics as they arose.  Over time, the coded samples were reviewed to see if there was evidence of student growth in these areas.  Also, select student journal entries were scored on a 4-point rubric (Appendix D), and scores were recorded on a table to identify correlations during the study.

CHAPTER 4: FINDINGS


This chapter contains the results of the analysis from all data methods described in the previous chapter. Data findings are organized by the research question they address and triangulated according to the matrices on pages 21 and 22 of this document. The final section summarizes correlations and contradictions between data in each previous section to addresses the over-arching focus question of this study, “What happens when I include a more specific focus on writing during mathematics?” The initial sections address the sub-questions.
How can I effectively integrate math journals with the Number Sense and Multiplicative Reasoning portion of an investigation-based curriculum model?

One goal of this study was to look at ways of seamlessly integrating journal writing tasks with my standard curriculum on Multiplicative Reasoning and Number Sense. How the writing tasks helped my students solidify their understanding of these concepts can be seen in the comparative results of Pre and Post Assessments with a quantitative analysis of correct answers. During the study, my own journal entries included qualitative insights as to which prompts and activities were most beneficial for the students and the curriculum, and what challenges arose. Finally, excerpts from student work reveal struggles and successes that students had with certain aspects of the content and how their work changed during the course of the writing interventions implemented during the twelve weeks. These findings are detailed in the following sections.
Pre and Post Number Sense & Multiplication Content Assessments


I administered an initial Mathematical content Pre-Assessment for the unit to see what prior knowledge students brought with them into the unit (See Appendix A). Each assessment was scored out of 10 points as described in the last chapter, with a half point granted for reasoning and another half point for obtaining a correct answer. With this scoring system, only two students initially received greater than 5 points (with a 6 and a 6.5), meaning that nearly all students understood less than half of the expected content. The class average was approximately 2.5 points, or 25% correct. The most common score and the median score were both 2 points. Most students received less than 3 points. This demonstrated significant content gaps and a clear need in the areas of multiplication and number reasoning. See below for a box plot showing [image: image7.emf]Pre-Assessment Scores
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where score quartiles lied for both the Pre- and Post-Assessments. 

The Post-Assessment was slightly adjusted from the Pre-Assessment to provide questions and space to elicit increased student writing for demonstrating further evidence of reasoning. The content knowledge of the questions was identical (See Appendix B).  The Post-Assessment was scored in the same fashion as the Pre-Assessment, and since there was more extensive writing, the half point for correct or incorrect reasoning was more clearly determined (see the table on page 35 for a breakdown of scores by item). On the Post-Test, twenty students received greater than 5 points, with a maximum score of 9 points. Even though the most common score was 5.5 points (n = 4), the class average was nearly 7 points, or almost 70% correct in reasoning and calculation. The median score was 6.5 points, 4 points higher that the median on the Pre-Test. The minimum score on this Post-Assessment was higher than the average score on the Pre-Assessment. All students improved their scores, with an average increase of 4 points. Interestingly, the lower-achieving students on the Pre-Test had the greater gains, while the students with initially higher scores had minimal or moderate gains. All these figures [image: image8.emf]Post-Assessment Scores
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demonstrate a notable improvement in content knowledge in the course of the study

TABLE 1. PRE- AND POST-ASSESSMENT RESULTS BY STUDENT

Although there was clear growth from Pre- to Post-Assessment, no student demonstrated complete content mastery according to this one test. One reason for this was the difficulty of item number ten, the equation utilizing all aspects of Order of Operations. Only two students received a full point for this item, and only two other students received the half point for correct reasoning (but missed the correct answer due to minor calculation errors). The poor performance on this item could be contributed to two possible factors. One could be that the equation was just too difficult, with too many steps and rules for fifth grade students to keep track of. Although students had practiced solving many equations utilizing the correct Order of Operations, looking back at their practice problems, I realize none was quite this long or “tricky” in its demands of remembering order of steps.

Another interesting potential reason for many students not demonstrating mastery of Order of Operations could be that of all our content topics, this is the area we wrote the least about. Looking at week 10 of the Action Plan (see Appendix G), there was only one official prompt related to Order of Operations and it asked “Why are there ‘rules’ for what order we add/subtract, multiply/divide, etc.?” The only other writing students did on the topic was simply taking notes about grouping symbols and steps for the correct order in solving equations. Perhaps this was not enough writing or discussion to solidify student understanding. In hindsight, I could have added prompts where students evaluate incorrect solutions to Order of Operations problems and analyze what order mistakes could have caused those answers. At the time, I likely did not consider seeking further writing because I thought students had a reasonable grasp of the content. Also, I was likely pressed for time since the unit was coming to a close. Perhaps further student writing on the topic may have made a positive difference in their understanding.
Teacher Journal Entries


Within my weekly teacher journal entries, I made notes about how useful several writing prompts were in integrating with the mathematical content of my lessons.  However, at first, incorporating things for students to write about seemed a bit artificial or forced, for both students and myself. Over time, I found that writing prompts were effective at various points during class, with some helpful as introductory openers, others for quizzes, summaries, or check-ins, and yet others for closure. In the beginning, more prompts were personal, open-ended, and done as “quickwrites” where students were timed anywhere from two to five minutes and were encouraged to not stop writing during that time. At first, students struggled with getting much down on paper and had to be continually reminded to write. In my journal after the first class prompt I wrote, “Students are reticent to write much. In spite of several reminders to ‘Keep on writing…don’t let your hand stop even if you end up with a bunch of repeated words,’ several students only wrote a sentence or two” (September 6, 2011). They were also initially hesitant to share their writing with others. This changed significantly during the study. Near the end, all students eagerly wrote without needing encouragement from me, and so many students wanted to share that I ended up needing to use the “pulling sticks” strategy to limit and randomize student input for time’s sake. 

One move I thought would be useful in the beginning that did not pan out as expected, was introducing the rubric for scoring journal entries. Although the class had a fruitful initial discussion about the meaning of the rubric sections and students were able to provide examples that fit descriptors, I wrote in my own journal a few times throughout the study that, “I do not see students utilizing the rubric,” or “students don’t seem to use the rubric.” In order to motivate students, I decided to write in my journal alongside the class during the provided writing time, and share my writing after we shared and discussed theirs. Students seemed to like this, and were interested by it. However, when I demonstrated in this way I failed to incorporate rubric scoring for my own or students’ prompts. Had I brought it up more, students may have remembered to utilize it and become more comfortable with the rubric-described expectations.
Another concern mentioned in my early journal entries was that students entered with weaker number sense and multiplicative reasoning than expected. This caused me to slow down my intended instructional timeline a great deal. I devoted an entire initial week to place value and basic multiplication facts. Review was regularly needed on addition and subtraction concepts such as regrouping and borrowing. Compounding this was the realization that writing and sharing took up a great deal of lesson space. I wrote in the third week:

I am already realizing that the writing and sharing is taking up more instructional time than expected, so the curriculum may take a few more weeks than planned. However, I do already recognize the value of this writing work in improving student reasoning and speaking, so I think it will be worth slowing the content for deeper understanding through written work.
The data already mentioned from the Pre- and Post-Assessments does demonstrate some value in the extended time utilized for writing and sharing. Also, the increased confidence and motivation of students in writing and sharing their reasoning was an important side benefit worth the extended time needed to achieve it. The excerpts from student writing that can be found in the following sections also corroborate the initial hopes seen in my journals. 
Student Work Samples from Journals and Other Assignments


One writing task undertaken a few times during the study that proved very useful in solidifying student understanding was having students write their own word problems for a given multiplication expressions (and immediately after this unit, repeating the task for division expressions). This began in week 8 with the prompt, “Write a story problem that represents 35 x 28. Solve the problem using words, pictures, and numbers. Then explain how your solution strategy relates to both the story context and the picture(s).” Initially, several students really struggled with this task, writing problems that called for addition (“There were 35 monkeys in trees and 28 more monkeys came. How many monkeys are there in all?”) or division (“There are 35 candies and 28 kids. How many candies does each kid get?”). It seemed that students were not accustomed to creating real-world contexts for their mathematical problems. 
Another initial challenge of this task was with wording for intended meaning, even when multiplication was correctly applied in the context. For example, a common issue was a story like this one, “There are 35 sticks and 28 bugs on every stick. How many bugs are on each stick?” where the question posed was answered in the context and not related to the product. Through sharing their stories in pairs or small groups, most students resolved these issues and were able to create appropriate story contexts for demonstrating solution strategies. Nearly all initial solution strategies involved types of repeated addition, yet students found ways to group their addends to quicken the process. For example one group wrote twenty-eight 35’s to add, but grouped every four 35’s and labeled them 140. So they then added seven 140’s to obtain their answer. Another version of this can be seen image 1 in Appendix I, where repeated addition led to initial concepts of breaking numbers apart by place value and using the distributive property.

This task was repeated in several class and homework assignments, and over time students more fluently provided story contexts. Also, the solution strategies connected to those contexts became more sophisticated. Later examples showed strategies of groupings by powers of ten, or area model arrays demonstrating the distributive property. Examples of these can be seen in Appendix I (images 2, 3, and 4). Through their writing and sharing, students were also better able to connect their story context to their strategies to check if their work made sense. Students eventually continued the process with division story problems, and utilized the multiplicative reasoning gained from this unit to start off the division concepts with more efficient and complex strategies than repeated addition/subtraction (See Image 5, Appendix I). Their writing/sharing of word problems and solution strategies seemed to help students transfer connections within the content.  
How does journaling about mathematics experiences support students in describing their processes/strategies and in explaining their thinking?

An important intended outcome of this project was helping students gain confidence and skill in describing the processes and strategies they used in solving problems, and explaining their thinking behind those strategies. Conclusions in these areas can be drawn from a quantitative item analysis of points students earned on the Pre versus Post Content Assessment, as well as a qualitative analysis of written explanations of student reasoning. A look at student journal writings and writing on other assignments serves to show both struggles and growth in their ability to explain their reasoning. Finally, transcribed segments of video interviews and moments of captured class discussion show how students’ written explanations are transferred to their verbal explanations of their reasoning. The following three sections discuss these findings.
Pre and Post Number Sense & Multiplication Content Assessments

	Item # and simplified item for reference
	No Point
	½ Point for Correct Answer
	½ Point for Reasoning
	Full Point

	
	Pre
	Post
	Pre
	Post
	Pre
	Post
	Pre
	Post

	1. 5 x 10 =
	1
	0
	0
	0
	0
	0
	24
	25

	2. Compare 30 x 60 and 40 x 50
	13
	6
	8
	4
	1
	1
	3
	14

	3. List 10 multiples of 12. What is a multiple?
	12
	4
	0
	0
	6
	2
	7
	19

	4. 38 x 26 =   Explain your strategy & why it works.
	19
	1
	0
	0
	3
	2
	3
	22

	5. List factors of 36. How do you know them all?
	18
	1
	0
	1
	6
	4
	1
	19

	6. 76 teams, 15 players, how many total players?
	19
	4
	0
	0
	5
	11
	1
	10

	7. Write a story problem for 57 x 83. Solve & show.
	18
	1
	0
	1
	7
	18
	0
	5

	8. 196 students, bus holds 41, how many buses?
	12
	12
	0
	2
	9
	5
	4
	6

	9. Ways to make 150 with two & more factors. 
	24
	7
	0
	0
	1
	10
	0
	8

	10. 1 + {46 – [3 + 4 (6-1)] x 2} x 7 = 
	25
	21
	0
	0
	0
	2
	0
	2

	(
	161
	57
	8
	8
	38
	55
	43
	130

	~%
	65%
	23%
	3%
	3%
	15%
	22%
	17%
	52%


Table 2. PRE- AND POST-ASSESSMENT SCORES BY ITEM 
The table on the previous page shows scoring on the Pre- and Post-Assessment by item. It can be seen that for items two through five, significant gains were made in the number of students who received the full point for both correct reasoning and a correct answer.
On item one, as well as items six though ten, there were increases in the number of students who received a full point, but not as significant an increase as on items two through five. However, the increases in the number of students who demonstrated correct reasoning items six, seven, and nine are notable. Even though calculation errors may have led to incorrect answers on these three items, several students were able to demonstrate a significant improvement in correctly describing and showing their reasoning. See the table below for some examples of pre-reasoning versus post-reasoning. 

Table 3. PRE VERSUS POST REASONING EXAMPLES BY STUDENT

	Student Code from Table 1
	Item #.
	Pre-Assessment Response
	Post-Assessment Response

	DG
	2
	<
	30 x 60 < 40 x 50  I know that 3 x 6 is 18 and there was two zero’s. I know that 4 x 5 is 20, and it equals more.

	KO
	6
	 15 x 76 = 100
	76 x 10 = 760

76 x 5 = 380

760 + 380 = 1140

1,140 soccoer players

	QP
	7
	There was 57 taxes. Each taxe hod up to 5 people in it. 18 taxes cam. 30 taxes got sike. 1 taxe less then 5 people in it.
	there is 83 teams and 57 basketball players. How many basket ball players. 50 x 80 = 4,000, 50 x 3 = 150

7 x 80 = 560, 7 x 3 = 21

4000 + 560 + 150 + 21 = 4,731
There is 4,731 basket ball players.

	NM
	7
	There are 57 monkeys on a tree. Then 83 came from the other tree how many are there. 57 X 83 = 5,641,521
	There was 57 boxes. There were 83 in each box. How many are there. [used array and picture to show work] 4,731

	VL
	8
	41, 82, 123, 164, 205 so 5
	5 buses are needed. I know that 41x4=164 and if you add 41, you go over. So you use a 5th bus with a few spots left.


These figures point to the importance of allowing students to share the reasoning behind their answers and giving credit to that reasoning even when the answer itself is incorrect. On the Post-Assessment 22% of responses received half-credit for correct reasoning. If these items had been marked as “wrong” just due to a final number students obtained, lower scores would mask many important understandings held by several students.

In looking more closely at written student responses to particular items on the Post-Assessment, I examined items three, four, and eight as well as the first “What have you learned…” question on the back of the test because these revealed interesting indicators of student reasoning. For item number three, correct student explanations of their own understanding of multiples fell into three categories. Ten students defined a multiple as “counting by” a number, Nine students responded with ideas about repeated addition, and one student wrote, “A multiple is when you take a # (like 12) and multiplie [sic] it and the product will be your answer.” Of these nineteen students (one student fell into two categories), thirteen provided additional examples outside of listing the multiples of 12 to support their answer. Of the six incorrect responses, four students applied a notion of “times a number” and found factors instead of multiples. One student listed factors without an explanation. Another said, “a multiple is a number that can be divided evenly…” and wrote a list of even numbers starting with zero. Only two students had correct reasoning with an incorrect answer, and they just had minor calculation errors on their larger multiples. On this item, as is also the case with items one through six, correct reasoning strongly correlated with a correct answer.

Examining the explanations on item four, I attended mostly to the “why that strategy works” portion of the prompt. Responses to the “why” were not what I had intended, yet were insightful in another light. I was hoping to see how students would mathematically explain the reasons for how their particular multiplication strategy leads to the correct answer. I anticipated ideas about place value, distributive property, and perhaps even order of operations. Although most students utilized these ideas in their strategy (thirteen students used an array, ten students “broke” one or both factors apart in various ways and applied the distributive property, and two students used the U.S. standard algorithm), none spoke to the mathematical reasoning behind their decisions. The closest response to my presumed intentions was “It works because it’s the same problem just written differently.” Instead, most students answered why the strategy works, in general, for them, versus how it works, mathematically, for this particular problem. Interestingly, students took a more metacognitive, rather than mathematical, approach to that prompt. Common responses included “it made the numbers smaller so it was easier” and “I can process it fully step by step.” A few students even started their sentence with “It works for me because…” I now realize that this type of response was automatic for students because so much of our journal writing was personal, where students explained what made sense from their own perspective. Since even most adults who are fluent and adept in their multiplication strategies are unable to explain the mathematical proof behind why their approach or algorithm works, my initial expectations for this written task were probably unrealistically high for fifth graders. However, the way the interpreted the question reveals their awareness of utilizing various strategies to suit their own needs. In hindsight, I could have worded the prompt in other ways to elicit more mathematical justifications. Perhaps saying, “tell how each step of your strategy leads to the correct answer,” or asking, “how do the parts of your strategy work together to get the right answer?” may have been more appropriate to this end.

Although this unit did not expressly provide experiences with division problems or strategies, item number eight was included in the assessment to see if students could transfer their knowledge of multiplication into reasoning about division. Unfortunately, on this item, two students divided without appropriate reasoning or explanation, and twelve students multiplied the numbers in the problem to obtain an answer that didn’t make sense. However, eleven students were successfully able to transfer the knowledge to solve and explain this problem correctly. Three students shared their insights about this application of multiplicative reasoning to division contexts on the open-ended writing questions on the back of the test. One girl explained: 
I learned how to divide while still multiplying. Like in #8, I couldn’t figure out how to solve it. I thought about it and came up with using multiples of 41 to get the answer. I realized that no multiple of 41 would equal 196. So, I needed it to be over 196 and when I got 205 I counted how many 41’s there were.

This girl student demonstrated significant clarity in explaining her thinking and reasoning for this problem, and how it related to work in the unit. I was pleased to see that several students were able to make that connection, which made the subsequent division unit very successful and take less time than it had in previous years.
The student quoted above was responding to the Post Assessment question, “What have you learned in this unit which is different than what you already knew about mathematics?” All students had many interesting things to say for this question. Their responses showed depth to their mathematical thinking, as well as revealed what they found important in their learning. In coding and tallying the topics of student responses, content fell under the categories listed in Table 3 on the following page (one student’s response could cover multiple categories). It can be seen that most students recognized a variety of multiplication strategies, with arrays being the strategy mentioned most often. A few copies of students’ actual writing for this question can be found in appendix J. 
Table 4. RESPONSE CATEGORIES FOR “WHAT HAVE YOU LEARNED IN THIS UNIT?”

	What have you learned in this unit?

	Topic of Response
	# of Students

	Multiplication Strategies
	19

	Factors/Multiples
	10

	Arrays
	8

	Effort/Practice
	4

	Order of Operations
	4

	Properties
	4

	Division
	3

	Story Problems
	2

	Mathematical Words
	2


One girl who had a history of struggling with mathematical content and negative opinions toward math only received 4 points on the Post-Assessment, however, she had many positive things to say about what she learned. She wrote:
I didn’t know that you could do so many ways to do Math, and I learned that there is’t Just one way to get the right answer and you can check your answer Just to see if you correct and I have to do all of these amazing ways to do Math…now that I’m in this Math class I understand Math now and it’s kind of hard but not really any More and I learned that this unit is different than all of the other ones. [sic]
This girl alluded to different multiplication strategies and how those strategies helped her check her work. She also demonstrated increased interest and motivation. These sentiments, along with several others mentioned by students seemed to echo my hopes that sharing multiple strategies led to increased confidence. One boy included, “I was already good at Math But now I’m awesome. I have a bunch of stagerys. If I get confused on one stagery I can use others. [sic]” He followed with an example of multiplying 35 x 21 in two different ways. Still other students offered clear explanations and examples of properties of numbers, story problems, mathematical vocabulary, and their reasoning about factors/multiples. Nearly all students wrote a paragraph, or several sentences, without requiring any encouragement or reminders. I believe this shows that embedding writing into a math unit helps students more successfully and willingly articulate their understandings of a variety of topics.
Student Work Samples from Journals and Other Assignments


The value of students comparing, sharing, discussing, and writing about various multiplication strategies was also seen in a journal prompt that was one of the most successfully incorporated into this unit. This was a concluding activity conducted during the eleventh week of the study. The full prompt can be found in “Week 11” of Appendix G, and includes the question, “Should we explore/teach different strategies, or just do one way (the standard US algorithm)?” Students were adamant in their views, and almost appalled that someone might suggest limiting their explorations of various strategies. During this writing time, I observed every student focused on their explanations for more than ten minutes without even looking up. All students wanted to share their responses, and several asked if I could copy their work and mail it to the people at the Arizona Math Department who make these kinds of decisions! Samples from student journals on this prompt included ideas like, “…you could think that the algorithm is hard and other types of multiplication are really easy. We also might need more than one way…” and “what if we didn’t have the answer for something and it doesn’t work in just one way we have to try another way.” Responses about being able to check their own work were common, as well as opinions about one way being “boring” whereas multiple ways are more “fun” or “exciting.” One boy’s response included the explanation,

I am only ok at U.S. standard algorithms because it confuses me as in I don’t know where to start off. But I am good at arrays, cluster problems, and breaking numbers apart. In all three they tell me where to start off…and afterwards I use an array to check my work. So the bottomline is multiplication is a strength for me with different ways. [sic]
 This student clearly articulated reasons for why other strategies were helpful and why being confined to one particular strategy would limit him. Every student agreed to the value of multiple strategies and was excited to share and discuss one another’s reasoning.

One writing task involved asking students to find all the factors of 36, all the factors of 72, and then answer “How are the factors of 36 related to the factors of 72?” This occurred in the fourth week of the study, and thirteen students provided responses that involved insight into their thinking or strategies. Of the remaining students, two did not respond and ten provided an unrelated response.  The thirteen insightful responses fell into four categories and can all be found in the following table:

Table 4: SAMPLES OF STUDENT REASONING FROM JOURNALS

	How are the factors of 36 related to the factors of 72?

	Category
	Quoted Student Writing

	Times by 2
	· You just times it by two

· Because if you take 36x2 you get 72 that is why the factors 36 and 72 related

· The factors of 36 and 72 are related because 72 is just 36 times 2

· All the factors of 36 are factors of 72. All factors of 36 when multiplied by 2 also factors of 72 since 36 is half of 72.

	Double
	· There related to each other because it has the same pattern but it is doubled

· They are related because you have to double it

· Double the second have of factor of 36 to get the factor of 72

	36 is a factor of 72
	· Because 36 is a factor of 72 so factors of 36 are factors of 72.

· They are related because 36 is a factor of 72.

· 36 and 72 are related because 36 is a factor of 72

	Same
	· They relayted like this they have the same factors. They have the same pattern. They have the same numbers.

· 36 helps getting the factors of 72 becase you get the same numbers.

· Because they are some of the same factors


Having students write responses to this question allowed me to see how students were thinking about the relation of these numbers, and also revealed the strategy they used to find the factors of the larger number. Students either noticed that 36 was half of 72, was a factor of 72, or that many of the factors were the same. This question revealed more about student understanding of factors and recognition of number relationships than just asking them to find factors alone.
A successful journal task that served to support students in describing their processes or strategies and in explaining their thinking was simply asking students to write a description of how they solved one of their number puzzle tasks. Most students wrote nearly an entire page in explaining their process, though a few students were successful in brevity. One girl composed:

We figured out puzzle number 1 in our heads. 
These were the clues: This number is even. This number is a square. This number is a multiple of 9. This number has 2 digits. I know that 6x6=36 is a square because it is 6 x’s itself (62). 36 is even (6 is an even number), is a multiple of 9, (9x4=36), and has 2 digits (digit(36(digit). 
This description effectively relays the reasons, examples, and evidence for her answer. She also showed proof for her knowledge of the terms “square,” “even,” and “multiple.” A more extended response can be found in Appendix K, where another girl explains step-by-step how she generated and eliminated numbers. She also included visual evidence to back her answer. This was only in the third week of the study, and students were already willing to write more details in their explanations and wanting to share their work with the class.
Video Recordings of Class Work and Interviews of Select Students 


One video clip recorded the sharing portion after students did a “quick-write” explaining how they used clusters of simpler multiplication problems to solve a more difficult problem. A boy was called on to read his response, and he read, “Clusters problems help me because it makes it easier.”

He had not written any more, so I asked the class, “What suggestions do you have for Moreno?” [pseudonym]. 

One girl raised her hand and offered, “You need to explain HOW it helps you.”
Another girl followed with, “Yeah. For example, I wrote that it helps me when I add it all up. It gives me the answer, but only if I multiply by and add the right numbers.” After these and a few other suggestions offered by students, Moreno was observed adding more writing to his response, but did not get around to verbally sharing his additions. This exchange shows one brief example of how relaying their written responses allowed students to communicate their thinking and critique the reasoning of others.
Students were individually interviewed after the unit to obtain more candid ideas about their views of how the writing tasks in this unit influence their abilities to explaining their thinking. During these interviews, one boy said about his journal:

It will help you with strategies that you’ll use later on in the year. [flips through journal] Here’s something. This was the ‘Everything I Know About Multiplication’ page. The reason I chose this page is because I was actually able to write a lot. I now know a lot about multiplication…[asked to read an example] Well, multiplying by nine is multiplying a number by ten and subtracting that number. It helps me with homework and helps me describe things. You should use a journal for math, explanations or pictures. Either way, it will help you
This student showed that he found value in the journal writings as a record of his explanations and his thinking. He also mentioned several times later in the interview about going back to his journal to use these writings to help with other tasks. All students interviewed spoke positively about the opportunity to explain their thinking and keep a written record of their thoughts.

How can the math journals support students’ metacognitive awareness?

An important outcome of this study that I hoped to achieve was an increase in students’ abilities to monitor their own thinking and adjust their work accordingly. Not only did I find the metacognitive awareness of students to become significantly improved, I also saw that that this improved metacognition also led to improved attitude, confidence, and motivation. These changes can be seem in the comparative results of the anonymous Surveys administered before and after the study, where students were candid about their perceptions of mathematics, writing, and the combinations of the two. This is corroborated with review of students’ journal entries over time, which included an increasing number of self-initiated metacognive statements. Finally, anecdotes from my personal journal noting observations of student behavior and quoting student conversation completes the picture of how integrating writing into mathematical topics successfully supported students’ metacognitive awareness. These details of my findings on metacognition are explained in the sections on the following pages.
Pre and Post Student Surveys

I looked at the Student Surveys administered prior to instruction on this unit. Initial responses on the Likert-scale items revealed that more than two-thirds of students entered class believing that math was hard (See Table 5 on the following page). In spite of this perceived difficulty, 88% of students (n = 21) responded that they liked math, with 17 students strongly agreeing to the statement “I enjoy math class” (See Table 6 on following page). In fact, 64% of students (n = 16) listed math as their favorite subject. 
Tables 5 and 6. PRE- AND POST-SURVEY RESPONSES TO ITEMS 1 AND 7
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This shows that most students entered this unit with a positive opinion on mathematics, even though they also recognized that it involves hard work. 

I was surprised that initially 88% of students (n = 22) believed that “Writing is important to math.” Twelve students agreed and ten students strongly agreed to that statement. I didn’t expect incoming 5th graders to understand that positive connection since many of my former students started with negative attitudes toward writing. Although students saw the importance of writing in math, they did not seem to have much experience. The survey statement with the most negative responses was “I wrote a lot last year in math class,” with more than a third of students (n = 9) disagreeing or strongly disagreeing. These showed that several students did not seem to practice writing in their 4th grade math classes. Due to the attitudes of students in previous years, I was also pleasantly surprised that a majority of students in this class claimed to enjoy writing, both in and outside of math class. This was shown by 80% of students (n = 20) agreeing or strongly agreeing to the statement “I enjoy writing in math class” and 96% of students (n = 24) agreeing or strongly agreeing to the statement “I enjoy writing in other parts of class.”  
Pre-Survey results were more split on the connection between writing and talking. To the statement “I have more to say about math if I have time to write about it first,” 28% (n = 7) disagreed or strongly disagreed, 24% (n = 6) agreed, 36% (n = 9) strongly agreed, and 12% did not respond (n = 3). I also found these results surprising, as I assumed that more students would think that writing would gave them a chance to prepare their answer before responding, and make it easier to have the option of reading aloud what just they wrote. Perhaps most students at this point were not metacognitively aware enough to make that connection, or had little experience to call from in their response.

In regards to their own thinking, eighteen students claimed they could clearly explain their thinking about math problems, but only four of those strongly claimed that they could. When asked to “name one way you could improve your learning in math,” most students gave similarly general or vague answers. Eight students gave either no response or an unrelated response, and three students gave a vague redundant response such as “understanding” or “learn how.” Seven students said they could improve with some version of practicing, such as “time,” “studying,” or “doing more,” while another seven claimed by “listening” or “paying attention.” Only one student claimed writing as a way to improving learning and only one student mentioned effort with the response “try harder.” So 44% of students (n = 11) seemed unsure about how to improve their learning, and 48% (n = 12) had general ideas about practice or attention. This seems that at the beginning of this study, most students were not accustomed to being specifically metacognitive or actively aware of their own learning processes.
In the Post-Survey, students demonstrated a shift toward thinking math was easier. Only 40% of students (n = 10) agreed to the statement “Math is hard.” I found this interesting because I believed the content of the unit to be particularly rigorous, and the writing requirements added a further dimension of challenge in requiring explanations and defense of reasoning. Perhaps the writing and discussion gave students increased confidence in their mathematical abilities, making the mathematics itself seem easier. 
Even though students started the year with a positive attitude about math class, there was still a demonstrated increase in this predilection on the Post-Survey, with 100% of students agreeing to the statement “I enjoy math class,” with 19 of those students (76%) strongly agreeing. This shows that students responded positively to the twelve-week writing-intensive math unit. 
There was also a marked increase in students believing that “Writing is important to math.” All but one student agreed to this statement on the Post-Survey, with 72% (n = 18) strongly agreeing. This shows that students recognized further connections between our writing tasks and their mathematical work.
Tables 7 and 8. PRE- AND POST-SURVEY RESPONSES TO ITEMS 2 AND 9
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Table 9. PRE- AND POST- SURVEY RESPONSES TO ITEM 8

In the follow up question to the amount of writing they do in math class, 28% of students (n = 7) strongly agreed and 64% (n = 17) of students agreed to the statement “I wrote a lot this year in math class.” Only one student disagreed, which is a significant change from what these students claimed about writing in their math classes the previous year. After this unit, three more students claimed to “enjoy writing in math class” that in the Pre-Survey, with four also adding to the ranks of those strongly agreeing with that statement. So even though there was a general positive attitude about the writing/mathematics correlation to begin with, these attitudes improved even more during the study.
On the Post-Survey, most students also seemed to recognize an increased connection between their writing and talking in class. This time, to the statement, “I have more to say about math if I have time to write about it first” only 12% disagreed (n = 2) or strongly disagreed (n = 1), 48% (n = 12) agreed, and 40% (n = 10) strongly agreed. I believe students realized that thinking through their responses on paper gave them more ideas to discuss, and perhaps also more questions to ask. This may also point to an increase in metacognition, with students recognizing the connections between their thoughts, their written work, and the things they want to say. 
Table 10. PRE- AND POST-SURVEY RESPONSES TO ITEM 12
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In regards to clarity of their own thoughts, on the Post-Survey twenty-three students claimed they could clearly explain their thinking about math problems, an increase of five students from the Pre-Survey. Five more students even strongly agreed to the claim “I can clearly explain my thinking about math problems.” This shows that several students had increased confidence about their ability to discuss the cognitive events within their own minds, and no declined in this confidence during the study.

 On the open-response item, “name one way you could improve your learning in math,” answers shifted notably on the Post-Survey. This time only two students gave a vague, unrelated response (down from eleven students on the Pre). Three students (one more than on the Pre) said they could improve with some version of extra work, such as “spend more time,” “practice,” or “get tutoring at lunch” while thirteen (six more than on the Pre) claimed attention strategies such as “listening” or “focus more.” This time five students included writing as a method for improving their learning, one student included speaking to others, and one student mentioned effort. This could point to the idea that through the writing and sharing aspects of this study, students became more actively aware of their own learning processes and had more specific ideas about how to improve their own learning.
On the Post-Survey, students had several insightful answers to the questions “How has writing changed the way you learn math?” Portions of each student’s response to that first question are addressed in the chart found in Appendix L. Areas mentioned fell into five categories: Inspiration/Motivation, Understanding, Expressing/Explaining, Memory, and General/Unclear. Nine students wrote statements about how writing helps them through their comprehension, and six students wrote about how the writing lets them define their own thoughts and/or relay them to others. Four students mentioned that journal writings helped them remember content, while three students said that writing inspired or motivated them. On the Pre-Survey, most students stated that either writing hadn’t changed how they learned math or gave an unclear or unrelated response. The statements given for this question at the end of the unit demonstrated significant increases in students’ metacognitive awareness in regards to connections between writing and learning.
A related Post-Survey question that garnered insightful metacognitive responses was, “What do you think is important about using writing to learn math?” A few students referred to feelings when responding to this question.  One anonymous survey said, “I think it is important because you can express what you feel about math.” Two girls who included their names also mentioned an emotion-based importance with, “So you can tell how you are feeling,” and, “Quickwrite because it get you exited [sic] about stuff we do in math.” These students saw writing as a way to connect their sentiments to their mathematical classwork. The most common response to this question was that writing helped students understand their own thinking or helped other students understand their thinking. One student said “writing things help us rethink it,” while another wrote, “so you know how much you know and how much you don’t know, and it can also help your thinking.” I was impressed by students independently making the connection to how writing through the subject matter made them more aware of their own cognitive processes.
Student Work Samples from Journals


Students became more self-reflective through the course of writing in their journals. Many of the more successful prompts had students consider their personal feelings about certain math topics such as using a calculator or taking a test, or recalling personal math experiences such as needing to count a large number of something. I found that even students who were insecure in their math abilities and hesitant to share their work, were particularly willing to participate in writing, and even in vocalizing, their views on these more personal topics. I believe these types of prompts allowed students a more personal relationship to the content and the classroom, which in turn led to deeper thoughts about the “hows” and “whys” of their personal mental processes. As the unit progressed, I found more and more instances of students self-initiating metacognitive statements about their struggles, revisions, thoughts, and feelings. None of these types of statements could be found in their journals during September, but they started to appear in October and increased through the end of the study. Some of these statements are categorized and outlined in the chart on the following page.
Table 11. UNPROMPTED METACOGNITIVE QUOTES FROM STUDEN TJOURNALS
	Unprompted Metacognitive Quotes from Student Journals

	challenge/

confusion
	· I wonder why sometimes Math is hard. [week 6]

· I feel really confused because I didn’t know what the answer was…I tried all of the ways I know and got all different answers [week 11]

	learning
	· I learned that I really don’t need to use a calculator [week 6]

· NOW I GET IT!!! [week 6]

· I learned more factors and how to get them [week 6]

· It’s not hard to memorize all of multiples up to 12x12 because there are so many tricks.

· I liked when I was by my self and it was so much easyer [week 6] …I learned how to work with other people and let them do some of the work [week 8]
· I learned that you could answer one problem in many different ways like grouping and breaking apart (array) [week 7]
· …I met some of my goals because I found a lot more factors then I had yesterday [week 10]

· …I learned that you can do the distributive property in an array…you can break up hard problems into arrays to make them easier [week 10]

· I know that prime factorization is the longest equation possible [week 10]
· I learned that I need to practice multiplication [week 11]

· I relized that I did do math pages wrong and I get what you were spost to do…I think that I really do know how to do them it was really hard when I did it the first time I did them and I knew what I had to do the second time I did them [week 11]

	enjoyment
	· I wish we could have more math time. [week 6]

· I feel powerful and strong when I do math. [week 6]

· I think this is fun now that I get it [week 6]

· In math class all you talk about is Math. Math rocks [week 10]

· I felt happy. And I say that because I worked with my parter…we finished. And we choose a writing thing to do. And I liked Math today. [week 11]

· Even tho I didn’t win I still had fun with these Math games…I worked with different people to day…I learned many things too. And I love Math. [week 11]

	strategies
	· You can round up numbers to make the equation easier [week 10]


In this chart you can see that students had more quantity and quality to their independent metacognitive statements in the later weeks of the study. They wanted to share their enjoyment, their learning, and even their struggles.

Teacher Journal Entries


In my early journal entries, I wrote, “Several students have difficulty explaining their thinking or writing in a metacognitive fashion.” Students were initially insecure or uncomfortable in telling about what was difficult about their math work, likely due to inexperience. I found that this impeded students in asking good questions so they could receive the particular assistance they needed. Over time, this changed and could also be observed in students’ oral explanations. In the eighth week of the study, I wrote in my journal:

I heard students make interesting comments this week. One exchange occurred while discussing their journal responses in small groups. The journal entry was to solve multiplication problem 34 x 48 with the prompt, “Find out about someone else’s strategy. Compare their strategy to yours and explain how it was the same/different.” 

One table was discussing a girl’s strategy, and another girl chimed in, “But what if a kid doesn’t know how to multiply 30x40? What would you say?”

The writer responded, “Oh, I would just ask them, ‘do you know how to multiply 3x4?’ Then tell them about the tens and ‘adding zeros’ on the end. I should add that…” I didn’t hear the end of the conversation because a student needed me at another table. 

Another interesting exchange came from a girl during the middle of a lesson. She asked, “Mrs. Miller, will you be keeping our Math journals at the end of the year?” After explaining to her that I may keep the journals for a while for my study but will return them before the end of the year, she said, “Oh good.”

When I replied, “Why do you ask?” she said, “Because I want to have this for middle school. I think I’ll need it.” Then she continued writing.

The above comments and exchanges with students indicate an increase in metacognitive awareness. Students were thinking more deeply both outside of themselves (concerned about how other students might reason), as well as inside of themselves (thinking about their future in mathematics and seeing value in what they write during our class). I made several notes near the end of the study that students were often using phrasing such as “At first I thought…but then I noticed/realized” and sharing not only their solution strategy, but also the thinking and revisions that occurred along the way. Students also started asking more questions, especially of each other. This led to a positive increase in attitude, confidence, and motivation for every child.
What happens when I include a more specific focus on writing during mathematics?


The over-arching question of this study can be answered with a summary of major findings across all data sources. It can be seen from the assessments administered in this unit that students notably increased their knowledge of number sense and multiplicative reasoning. Samples of student work also showed a significant increase in understanding during the study, and this was most prominent in the quality and quantity of student explanations over time. Students demonstrated the ability to transfer their skills and apply them in other contexts. It was also seen that computation errors on assessments can mask depth of understanding, so it is important to recognize an explanatory component for credit. Student writing about mathematical topics allows teachers another avenue to glean interesting and useful insights into the students’ underlying thoughts, whether they are misconceptions or profound revelations. 

Journaling allowed students to connect more deeply with the mathematical content, which in turn improved their confidence, motivation, and even enjoyment in math class. The writing activities students engaged in through this study also improved their ability and willingness to communicate mathematically with their peers. Further, students became more aware of their own thoughts, self-initiating metacognitive statements in their journals and discussions, then acting on this self-awareness of their learning during class. The most challenging part of the writing integration was the balance of time. Although it takes time for students to write and discuss, which may draw out the length of units, I found the resulting depth of understanding and many other benefits worth the time. Overall, journal writing integrated very well with mathematical content and proves successful for both students and myself in a variety of important ways.

CHAPTER 5: IMPLICATIONS


Since the initial writing of my findings and sharing them with the administration at my site, my school created a new position for me for next year. This position, titled “Math Lab Specialist – Intermediate,” will provide me the opportunity and privilege to operate as a “Master Teacher” who teaches math lessons in my own classroom “lab” to all 3rd through 5th grade classes at least twice a month. All intermediate students will participate in the lessons and teachers will observe to benefit their own practice. Both before and after the demonstration lessons, I will meet with teachers to answer questions, discuss the lesson, and plan future lessons. This position will also allow me to work within every intermediate classroom at my school at least once or twice a week to conduct math activities and intervention lessons with small groups of students, as well as assist teachers with their instruction as needed. The findings of this study will impact my “Math Lab” and how I work with teachers in a variety of important ways.

I will continue to ensure a rigor to the curriculum that lends itself to flexibility and complexity of student reasoning. I will also continue to utilize hands-on-experiences in cooperative groups, as well as student demonstration and sharing as important components of my math curriculum. Real-world problems that create personal student connections to the content are also an important component of this plan. Since I have seen the value of student writing through the math curriculum, I will now ensure that teachers implement math journals in all intermediate classrooms. I believe the types of prompts that showed success in this study can be easily modified for students as young as third grade. I can help teachers generate appropriate prompts to integrate with their lessons, and in my demonstration teaching show how to incorporate and encourage the student writing and sharing related to these prompts. I can also assist teachers in generating rubrics to utilize with their students’ journals, and creating assessments that include written demonstrations of reasoning beyond calculations.

Based on my findings and the fact that our school will now be preparing for the transition to new Common Core state standards in the upper grades, I will further examine the connection between mathematical student writing and how it helps students meet these standards. I already see an important connection with the “Standards for Mathematical Practice,” particularly the third of these standards, “Construct viable arguments and critique the reasoning of others.” Since I saw how the writing practice conducted in this study helped students clarify their own reasoning, which allowed them to communicate and understand the reasoning of others, I believe the continuation of these practices will be a good “fit.” These new Common Core Process and Content standards have an increased demand in depth of reasoning. I believe these demands will be well served by thoughtfully constructed writing prompts that allow students to better process and discuss the curriculum, as well as demonstrate their understanding of it. In addition, to measure these new standards, Arizona is transitioning away from the solely multiple-choice AIMS testing to the new PARCC (Partnership for Assessment of Readiness for College and Careers) assessments. This new assessment is expected to measure more sophisticated, authentic performances. The journal writing tasks from this study, and the correlating practices of thinking through and explaining reasoning, will begin to prepare students for these new, more rigorous performance tasks.

Based on what I learned, I will confront rote teaching that does not allow students to think through content and strategies on their own. I will refuse to believe that there is not enough time for students to write in-depth and discuss mathematical topics from their writing. I can help demonstrate these possibilities to teachers, as well as assist them in planning/implementing the writing within necessary time constraints. I realize some adjustments and compromises will need to be made, because even though it was very successful, twelve weeks for a multiplication unit is likely not an appropriate timeframe for this content for most teachers. I know that the utilization of the strategies and findings in this study will serve to benefit many classrooms full of students and teachers in next year and in the years to come. I look forward to implementing these ideas to an even greater extent next school year, which will improve the mathematical achievement of many more students.
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APPENDIX A: NUMBER SENSE & MULTIPLICATIVE REASONING PRE-ASSESSMENT
 (NOTE: Actual student assessments included more space to show work)
Name: _______________   Date: _________  
      
Directions: Use the strategy of your choice to solve the following problems. Answer all questions clearly and show all work to support your answer. 
1. 5 x 10 =
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2. WITHOUT Multiplying each side, compare, using <, >, or =.



30 x 60         40 x 50 


Tell how you know:

3. List ten multiples of 12:

4. 38 x 26=

5. List all factors of 36:
6.  There are 76 teams in a soccer tournament. Each team has 15 players. How many soccer players are in the tournament? Show your work.
7. Write a story problem for 57 x 83. Solve the problem and show your solution clearly in terms of your story.
8.  There are 196 students in the school going on a field trip. Each bus holds 41 students. How many buses are needed? Explain.

9.  Find ALL the ways to multiply with two factors and a minimum of three ways with three or more factors to make 150. 
	150

	Ways to multiply with two factors
	Ways to multiply with three or more factors

	
	


10.  1 + {46 – [3 + 4 (6-1)] x 2} x 7 =  

Math Writing: The following questions will not be scored with points. However, thoughtful answers can help me make class better for you.

• What do you like about mathematics? Please give examples.
• What was the hardest part of Math last year?

• Please tell me something about yourself and the way you learn.
 APPENDIX B: POST-ASSESSMENT
(NOTE: Actual student assessments included more space to show work)
Name: _______________   Date: _________  
      
Directions: Use the strategy of your choice to solve the following problems. Answer all questions clearly and show all work to support your answer. 
1. 5 x 10 =
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2. Compare, using <, >, or =.

30 x 60         40 x 50 

Explain how you know WITHOUT giving the product of each side:

3. List ten multiples of 12:


What is a multiple?

4. 38 x 26=

Explain the strategy you used to find the answer, and why that strategy works:

5. List all factors of 36:


How do you know you found them all?

6.  There are 76 teams in a soccer tournament. Each team has 15 players. How many soccer players are in the tournament? Show your work.
7. Write a story problem for 57 x 83. Solve the problem and show your solution clearly in terms of your story.

8.  There are 196 students in the school going on a field trip. Each bus holds 41 students. How many buses are needed? Explain.

9.  Find ALL the ways to multiply with two factors and a minimum of three ways with three or more factors to make 150. 
	150

	Ways to multiply with two factors
	Ways to multiply with three or more factors

	
	


How did finding two factors help you find ways to multiply with three or more factors?

10.  1 + {46 – [3 + 4 (6-1)] x 2} x 7 =  

Math Writing: The following questions will not be scored with points. However, more thoughtful answers may increase your overall test grade. This section can only lower your score if your answers are blank or show minimal thought or effort.

• What have you learned in this unit which is different than what you already knew about mathematics? Give examples.
• What have you learned which is somewhat different than what you already knew

about journals, manipulatives, or games? Give Examples.

• What have you learned which is somewhat different than what you already knew

about yourself or the way you learn? Give examples.
APPENDIX C: STUDENT ATTITUDES SURVEY
This survey is designed to help your teacher get ideas about how certain parts of math class are for you as a student. You are being asked to decide what is best for helping you learn math. 

Please answer all items as completely and honestly as you can.

Please circle the letter that best describes your feeling about the statement.

Strongly      Agree  Disagree  Strongly

Agree (SA)     (A) 
  (D) 
Disagree(SD)

1. Math is hard. 




     SA 
              A 
   D 
       SD

--------------------------------------------------------------------------------------------------------------------------------------------
2. Writing is important to math.                                      SA 
              A 
   D 
       SD

--------------------------------------------------------------------------------------------------------------------------------------------3. I can clearly explain my thinking about

    math problems.                                                          SA 
              A 
   D 
       SD

--------------------------------------------------------------------------------------------------------------------------------------------
4. Writing about math helps me understand.                 SA 
              A 
   D 
       SD

--------------------------------------------------------------------------------------------------------------------------------------------5. I like talking about math with pairs/groups.                SA 
              A 
   D 
       SD

--------------------------------------------------------------------------------------------------------------------------------------------6. When I work hard, it shows.                                       SA 
              A 
   D 
       SD

--------------------------------------------------------------------------------------------------------------------------------------------7. I enjoy math class.                                                     SA 
              A 
   D 
       SD

--------------------------------------------------------------------------------------------------------------------------------------------8. I wrote a lot last year (this year - POST) in math.      SA 
              A 
   D 
       SD

--------------------------------------------------------------------------------------------------------------------------------------------9. I enjoy writing in math class.                                      SA 
              A 
   D 
       SD

--------------------------------------------------------------------------------------------------------------------------------------------10. I enjoy writing in other parts of class.                       SA 
              A 
   D 
       SD

--------------------------------------------------------------------------------------------------------------------------------------------11. I understand math concepts better 

      if I talk about them with other students.                   SA 
              A 
   D 
       SD

--------------------------------------------------------------------------------------------------------------------------------------------12. I have more to say about math if I have

      time to write about it first.                                         SA 
              A 
   D 
       SD

--------------------------------------------------------------------------------------------------------------------------------------------13. I can describe what I am confused about.               SA 
              A 
   D 
       SD

--------------------------------------------------------------------------------------------------------------------------------------------14. I know when I’m getting better at something

      in math class.                                                           SA 
              A 
   D 
       SD

--------------------------------------------------------------------------------------------------------------------------------------------15. My teacher cares about my thinking.                       SA 
              A 
   D 
       SD

--------------------------------------------------------------------------------------------------------------------------------------------16. My teacher lets me explain my way of 

      solving problems.                                                     SA 
              A 
   D 
       SD

--------------------------------------------------------------------------------------------------------------------------------------------17. My teacher uses many writing and talking

      activities to help me learn.                                        SA 
              A 
   D 
       SD

--------------------------------------------------------------------------------------------------------------------------------------------18. My teacher believes that writing activities 

      help me learn math.                                                 SA 
              A 
   D 
       SD

--------------------------------------------------------------------------------------------------------------------------------------------19. My teacher explains how the writing activities

      are related to math concepts.                                  SA 
              A 
   D 
       SD

Please circle the word that best describes your answer to the question.

20. My teacher checks my math work. 

always 
sometimes 
never

21. My teacher writes comments on my work. 
always 
sometimes 
never

22. I end the lesson feeling like I understand.
always 
sometimes 
never

23. Math homework involves writing. 

always 
sometimes 
never

Please Write a Brief Answer
24. Name one math concept you would like to learn better: _____________________

25. Name one way you could improve your learning in math: __________________________

Open-ended Questions

Please answer these questions in as much detail as possible.

26. Describe how listening to other students helps you solve math problems.

29. Describe how some writing activity changed the work you did for a math problem.

30. Describe in detail one writing activity you remember well from math class.

31. List some of the other types of writing activities you have done for math class.

32. How has writing changed the way you learn math?

33. What do you think is important about using writing to learn math?

Demographic Information

34. Gender (Circle One) 
Male 

Female

35. What career would you like to have? __________________

36. Grade I will probably get in math:         1

2
3
4

37. Favorite school subject _________________________

Thank you very much for your help in filling out this survey! (
APPENDIX D: RUBRIC FOR SCORING JOURNAL ENTRIES
	
	4

(Exceeds)
	3

(Meets)
	2

(Approaches)
	1

(Falls Far Below)

	Mathematical

Knowledge
	Shows correct and efficient use of the math ideas/goals.

Contains no errors, or shows corrections and explanations of previous errors.
	Shows correct use of the math ideas/goals.

Rarely contains minor errors.
	Shows uncertain use of the math ideas/goals.

Contains some significant errors.
	Does not use math ideas/goals.

Completely incorrect, or many large errors.

	Written

Communication
	Completely addresses all parts of topic.

Uses complete and detailed sentences, adding useful examples with numbers or pictures
	Clearly addresses the topic.

Uses sentences with some examples.
	Is unclear or too brief.

Uses incomplete or short sentences.

Missing examples.
	Is unrelated or confusing.

Contains very few words and no examples.

	Problems

&

Solutions
	Shows a deep understanding of the problem and uses flexible math concepts or information to find the solution.

Shows and explains all steps very clearly.

Solves problem in more than one way and/or proves how/why solution strategy works.

Uses words, numbers, and pictures in a clear and interesting way.
	Shows understanding of the problem and uses relevant math concepts or information to find solution.

Shows and explains steps in a way that makes sense.

Correct solves problem in at least one way.

Reader can figure out why the strategy works.

Uses words, numbers, and/or pictures.
	Shows some confusion about the problem and/or uses math concepts or information that is not useful in solving it.

Missing some work or explanations.

Solves the problems in a way that is unclear or incorrect in places.

Few attempts to prove the answer or try different strategies.
	Does not demonstrate understanding of the problem and/or does not use math concepts or information to find solution.

Does not explain or show work.

Does not solve the problem.

	Reflections
	Contains detailed insights about yourself, your thoughts, and your learning.

Is specific, genuine, and honest.
	Tells about yourself, your thoughts, and your learning.

Usually sounds truthful and honest.
	Only shows a little bit about yourself, your thoughts, or your learning.

Sounds general, broad, or fake.
	Does not reveal anything about yourself, your thoughts, or your learning.

Is fake, untrue, or repetitive.


APPENDIX E: QUESTIONS FOR 1-ON-1 CONCLUDING STUDENT INTERVIEWS
1. Before I jump in with my questions, I was wondering if there is anything you want to say first about the Math journals?
2. Have you ever written this much in Math before this year? Why or why not?
3. Specifically, how do you think writing about Math has helped with your learning?
4. Looking through your Math journal, could you find something that you think would be interesting to talk about and say anything you want to say about it?

5. How do you think the Math journals connect to the Investigations we do?
6. Does writing in your journal help you describe your strategies or processes? If so, how?

7. Does the Math journal help you explain your thinking? If so, why/how?
8. How has writing in Math in a Math journal helped you learn about yourself as a learner?
9. Anything else you want to say?
APPENDIX F: FORM FOR JOURNAL, ASSIGNMENT, AND VIDEO NOTES
	date
	student(s)
	Journal usage/reference
	process/strategy/

explanation
	metacognition
	Other notes 

or questions

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


SJ = student journal      TJ = teacher journal
     V = video recording
 HW = homework       CW = class work


APPENDIX G: DETAILED ACTION PLAN

Length of study: 12 weeks

Start Date: August 29th, 2011
End Date: November 18th, 2011
Week 1, August 29th – September 2nd  
	Collect
	· Administered Number Sense & Multiplicative Reasoning Content Pre-Assessment requiring written explanations (see Appendix A)

· Administered Student attitudes pre-Survey (see Appendix B)

· Analyzed initial data, look for trends/themes, adjusted plan (preteaching of place value and basic multiplication facts needed)

	Teach
	· Set up journal expectations with students (distribute & explain rubrics, see Appendix D)




Week 2, September 6th – September 9th  

	Teach
	· Conducted Place Value and Multiplication Fact Activities 

·  Included daily integration/focus on written communication in journals: 
· What is Math? (4-minute QuickWrite & optional sharing)
· Is Math Important? Why or why not? Explain. (8 minutes w/ optional sharing)

· What BIG questions do you have about this month’s topics? (group writing)
· Choose one reflective prompt to address (See Appendix H)

	Collect Data
	· Gathered 10 student journal samples
· read/respond, copied relevant samples, took notes in column sheet (see Appendix F)
· Wrote in my own personal reflection journal
· re-worked lessons/ideas/focus (slowed down, more review)


Week 3, September 12th – September 16th  
	Teach
	· Conduct Number Property Activities and Puzzles (even, odd, prime, square, factor, multiple)

·  Include daily integration/focus on written communication in journals: 
· A huge question in teaching Math is, “Should kids be allowed to use calculators?” Parents often ask me this. I want you to tell me what you think and tell me why you think that. It’s OK to write that sometimes you should and sometimes you shouldn’t, as long as you explain all reasons. (Opening)
· Yesterday you took a long, challenging Math test from the District. How do you feel about Math tests? Why do you feel that way? Explain. (Opening)
· Choose one number puzzle you solved. How did you know that the number fit both clues? Explain. (Closure)
· How does multiplying with two factors for a number help you find ways to multiply with more than two factors to make the number? Give examples.
· Choose one reflective prompt to address (See Appendix H)

	Collect Data
	· Video taped one whole group lesson & one table discussion
· reviewed tape to take notes about how student writing contributes to peer or whole-group talk and journal use in column sheet (see Appendix F)
· Gathered 5 student journal samples
· read/responded, copied relevant samples, took notes in column sheet
· Wrote in my own personal reflection journal
· Reviewed, took note of themes, addressed concerns, re-worked lessons/ideas/focus


Week 4, September 19th – September 23rd 
	Teach
	· Conducted Prime Factorization and Multiplication Combination Activities
· Include daily integration/focus on written communication in journals: 

· Explain how you know which product is larger without actually multiplying the numbers on each side. (mid-lesson summary)
· Explain how you saw the image and how that helped you write your equation. Make sure to tell about any changes you made to your numbers and your thinking. (mid-lesson summary)
· Show two different ways to find the prime factorization of a number. Explain how these two ways are the same and how they are different. (Closure)
· Open-ended reflection for weekly closure (Tell me your thoughts about your Math thinking and learning this week…)

	Collect Data
	· Gathered 10 student journal samples
· read/responded, copied relevant samples, took notes in column sheet
· Wrote in my own personal reflection journal
· Reviewed previous entries, took note of themes, addressed concerns, re-worked lessons/ideas/focus


Week 5, September 26th – September 30th 
	Teach
	· Had students work on Number Puzzles with partners while I conduct one-on-one Math interview assessments on Finding Factors and Number Puzzle Strategies

· Journal Prompts:

· Choose one number puzzle you solved. Describe step-by-step how you solved it and why you solved it that way. Please be clear and detailed. (mid-week closure)
· Write five BIG ideas you learned this week from your work and from each other.

	Collect Data
	· Gathered 5 student journal samples
· read/responded, copied relevant samples, took notes in column sheet
· Wrote in my own personal reflection journal
· Reviewed previous entries, took note of themes, addressed concerns, re-worked lessons/ideas/focus


Week 6, October 3rd – October 7th 
	Teach
	· Conducted Finding Factors and Multiples Activities

· Included daily integration/focus on written communication in journals
· Find out about someone else’s strategy. Compare their strategy to yours and explain how it was the same/different.
· What are you still unsure about? Why? How can you address that?
· Choose one reflective prompt to address for closure (see Appendix H)

	Collect Data
	· Gathered 10 student journal samples
· read/responded, copied relevant samples, took notes in column sheet
· Wrote in my own personal reflection journal
· Reviewed previous entries, took note of themes, addressed concerns, re-worked lessons/ideas/focus


Week 7, October 10th – October 13th 
	Teach
	· Conducted Factorizing and Multiplication Combination Activities

· Include daily integration/focus on written communication in journals
· If I ordered 1,800 tiles, what dimensions of rectangular floors could I make? Are all of your listed dimensions realistic? Why or why not? (Introduction)
· Write a new clue to make the Number Puzzle possible. What are the answers to your new puzzle? Why are those answers correct and possible? (Intro.)
· What is the point of the problems we did in class today? Explain. (Closure)
· Open-ended closure reflection (Tell me your thoughts about your Math thinking and learning this week…)

	Collect Data
	· Gathered 5 student journal samples
· read/responded, copied relevant samples, took notes in column sheet
· Wrote in my own personal reflection journal
· Reviewed previous entries, took note of themes, addressed concerns, re-worked lessons/ideas/focus (review/re-teach, slow down content)


Week 8, October 17th – October 21st 
	Teach
	· Conduct Multiplication Context and Strategies Activities

· Include daily integration/focus on written communication in journals
· Write a story problem that represents 35x28. Solve the problem using words, pictures, and numbers. Then explain how your solution strategy relates to both the story context and the picture(s). (Opening)
· What was your first step? Why did you choose it? What do you have left to do to find the answer? (mid-lesson summary)
· Choose one problem from your homework, math workbook, or today’s lesson that you initially got wrong. Show how you would get a new answer and prove why your new answer is right. (Closure)
· 3…2…1…Blast off! Write a 3 sentence summary of what you did today in Math. Then write the 2 most important things you learned. Finally, write 1 question you still have about any related Math topic/issue.

· Tell me about your Math learning and thinking this week. Be specific, including any struggles and any break-throughs. Give examples for anything you claim.

	Collect Data
	· Gathered 10 student journal samples
· read/respond, copy relevant samples, take notes in column sheet
· Wrote in my own personal reflection journal
· Reviewed previous entries, took note of themes, addressed concerns, re-worked lessons/ideas/focus


Week 9, October 24th – October 28th
	Teach
	· Conducted Multiplication Strategies, Steps, and Representations Activities

· Include daily integration/focus on written communication in journals
· Think of a time when you had to count a lot of something. Tell the story. Did you use any strategies to make your counting faster? (Opening)
· Which presentation made the most sense to you today? Why? How did you connect with that group’s strategy? (Closure)
· How would it make you feel if you were in a Math class where everyone, including the teacher, spoke only Chinese. Explain. How would you make sense of what was happening even though you didn’t know the language?
· Why is 34x28 the same as (34x20)+(34x10)-(34x2)? Explain to a third grader how breaking up a multiplication problem like this makes it easier.
· How do cluster problems help you find the final answer to a harder problem?

	Collect Data
	· Gathered 5 student journal samples
· read/respond, copy relevant samples, take notes in column sheet
· Wrote in my own personal reflection journal
· Reviewed previous entries, took note of themes, addressed concerns, re-worked lessons/ideas/focus


Week 10, October 31st – November 4th
	Teach
	· Conducted Distributive Property and Order of Operations Activities

· Include daily integration/focus on written communication in journals
· Think of the Number Puzzle we just did. Tell me about your thinking. What was easy? What was hard? What was fun? How do these kinds of puzzles make you a better Math thinker? (mid-lesson summary)

· Explain the Distributive Property in your own words. (Closure)

· Look at and think about the Multiplication Posters we made. Look at and think about the last two pages of your Math journal. What multiplication strategy now makes the most sense to you? Why? Has anything changed? What?
· Why are there “rules” for what order we’re supposed to add/subtract, multiply/divide, etc.? (Closure)
· Open-ended closure reflection (see Appendix H)

	Collect Data
	· Gathered 10 student journal samples
· read/respond, copy relevant samples, take notes in column sheet
· Wrote in my own personal reflection journal
· Reviewed previous entries, took note of themes, addressed concerns, re-worked lessons/ideas/focus


Week 11, November 7th – November 10th 
	Teach
	· Conduct Multiplication Fluency and Flexibility Activities/Games
· Include daily integration/focus on written communication in journals
· Think about what you learned so far about Multiplication. Explain why the “put the 0’s” method always works when multiplying certain numbers.
· We have spent 8 weeks exploring different multiplication strategies. Some people think this is too long, and that I should just teach you one way to multiply. Other people think it is worth the time to try different strategies. What do you think? Should we explore/teach different strategies, or just do one way (the standard US algorithm). Explain as though you are trying to convince the Arizona Math Department. (Closure)

· Choose one past word problem or one past writing prompt that you know you can do better on now that you’ve learned more. Re-do the problem or re-write the prompt. Explain what you did differently this time and why do you did it.
· Open-ended closure reflection (Tell me your thoughts about your Math thinking and learning this week…)

	Collect Data
	· Gathered 10 student journal samples
· read/respond, copy relevant samples, take notes in column sheet
· Wrote in my own personal reflection journal
· Reviewed previous entries, took note of themes, addressed concerns, re-worked lessons/ideas/focus


Week 12, November 14th – 18th
	Collect Data
	· Administered Number Sense & Multiplicative Reasoning Content Post-Assessment

· Looked for growth in content knowledge, procedures, explanations, metacognition
· Noted areas of concern/weakness

· Administered student attitudes Post-Survey

· Compared to previous trends/themes

· Looked for growth/improvement in confidence & attitudes toward Math
· Collected all final journals

· Rubric-scored responses, noted improvements, took notes

· Copied samples

· Administered final video interviews (see Appendix E)

· Transcribed samples, recorded notes on form (see Appendix F)


APPENDIX H: OPEN-ENDED REFLECTION PROMPTS

Choose 1 or 2 prompts to address thoroughly based on your work this day/week:

· In Math this day/week, I found it difficult to…because…
· Today/This week I liked…because…

· The two most important things I learned today (or this week) are… They are important because…

· I could use today’s (this week’s) skills in real life when I…

· At the end of this unit, I want to be able to…

· I wonder…

· Here are three things I learned: 1)… 2)… 3)…

· Write a question you still have.

· YOUR CHOICE
APPENDIX I: IMAGES OF STUDENT STORY PROBLEMS AND SOLUTIONS
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Image 2. Student-created word problem with 

   grouping strategy using 10’s.

[image: image14.jpg]



Image 1. Student created word-problem with repeated 

addition strategy and step-by-step explanation.
[image: image15.jpg]


Image 3, above. Student-created word problem with early evidence of distribute property.
Image 4, right. Student area model strategy. For this strategy, the students’ problem was, “There are 35 groups of 28 skeletons. How many are all together?” For their explanation, they wrote, First, we broke the 28 to 10, 10, and 8. Second, we wrote the equation of 35 x 8. Third, we wrote the equation of 35 x 10 two times. Fourth, we added the three answers.
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Image 5. Student-created division problem with representation and explanation. This occurred immediately following the multiplicative unit taught in this study (during week 12). Note the metacognitive awareness evident with phrasing such as “the highest 15 I know is 15 x 10 =150” and “then I said wait a second we went to high.”
APPENDIX J: POST-ASSESSMENT WRITTEN RESPONSE SAMPLES
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APPENDIX K: NUMBER PUZZLE WRITING SAMPLE IN STUDENT JOURNAL
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APPENDIX L: SELECTIONS OF POST SURVEY RESPONSES FROM EVERY STUDENT

	How has writing changed the way you learn math?

	Category/topic
	Quote from student

	Inspiration/

Motivation
	· It inspiyerd me to learn different ways of doing problems

· …I get Ideas.

· Writing help me learn harder problems because It got me interested to do harder problems with writing.

	Understanding
	· It helps me understand better. Also if I’m confused I start writeing in my Journal. To describe what I don’t know.

· It helped me understand on what I was doing and figure out the steps

· How writing changes your math is when you read it it changes the sulutions in your mind

· because I understand math better and can write about math better

· …without it you wont know anything…

· I has change my way of learning…

· Because when you write It It helps you think it over.

· Because when you only do it in your head you can get it wrong and not even know

· You could understand more better and you will know what your doing instead of being confused and stuck on a problem

	Expressing/

Explaining
	· …I can write my expresions…

· …the thing you thinking in your head and you can’t explain how you got the answer you can write in down in your Jounal

· To explain how you do something to help others to…

· …I have the answer but I want to say more about what I have to say

· If I write I can give anyone my thoughts

· It helps explain how I solved it.

· I can write out math problems to show how I solved them

	Memory
	· …it lets me write what I learned, how it’s showed, and show if I forget.

· …when I write I take notes to remember…it changes Me because I get better. I reread what I wrote and remember and I know what I am doing.

· …if I write it down It helps Me rember what I did…

· I helps me keep track of things and It helps me If I wanna write down something important

	General/
Unclear
	· It has actually helped me a whole lot!

· Because you write about what you learned that day in math.


APPENDIX M: SAMPLE TEACHER JOURNAL ENTRY
Name: Nina Marie Miller

Date: September 12th 
Journal Entry # ½ (August 29th – September 12th)
Part I: Update on Study Progress

•During this four-week period, I planned to:

1. Administer Pre-Survey

2. Administer Pre-Assessment

3. Introduce project & journals to students

4. Introduce & review journal rubric

5. Get permission slips signed by all parents for both Math classes

6. Get project approval & signature from principal

7. Implement journals during lessons, giving several prompts

•Progress toward goals stated above:

1. Finished administering, data still needs to be analyzed

2. Completed and scored, data still needs to be analyzed

3. Complete…all students have journals and seem to understand purpose of project

4. Partially complete…Although I have introduced the scoring rubric, several students were absent so I feel it needs more review and reference. I also think the wording is a bit obscure for several students so it may need to be reworked.

5. Nearly complete…just have 6 missing students from one class (and conferences are upcoming so I can easily get those signed then)

6. Principal is still reading study summary, seems approving, will get signature back ASAP

7. I gave a few prompts, but not as many as initially planned. Students seem to be utilizing their journals as intended so far.

•No adjustments needed to timeline thus far

Part II: Current Issues and/or Questions


I had originally planned to conduct the study on the students I have all day (my “homeroom” class). However, this school year it was decided that I would teach Math to both 5th grade classes. My homeroom class has 3 students with virtually no English, and 6 other students who miss at least half of the Math period one to four days a week (due to being pulled for Special Ed. Resource due to their IEP’s). With so many students coming-and-going, and with several students with limited writing skills, I decided to conduct my study on the other 5th grade class that I teach. That class has 26 students, no serious language concerns, and no students missing Math time. I think the data for these students will be easier to consistently collect.


Due to this switch of study participants, I had to send out that set of permission slips at the “last minute,” and that is why six have yet to be returned. I also had to buy another set of journals (I had given the 29 I originally purchased to my own “homeroom” students and started utilizing them).


The only future issues I see arising with this change is a need to more carefully collect student journals and math work for analysis and comments, since they will not be stored in my classroom (students take their Math journals and binders back with them to class, and possibly even home, to assist with their homework). Also, I will need to change the demographic information listed in the “Participants and Setting” portion of thesis.

Part III: Teacher Researcher Journal Entry

I administered the Pre-Assessment and scored them. I was surprised and how little number sense and multiplication skills these students are starting with. I designed the pre-test with ten questions arranged in ascending order of difficulty. I chose the first question to be one that I was sure all students would have success with, however, that was not the case. Three students were not able to correctly find the answer to 5 x 10.

Students seemed familiar with the concept of a rubric. When reviewing the rubric, some of the language seemed a bit over their heads. In hindsight, I wish I had designed the rubric with the students instead of handing them a pre-designed one I made myself. They seemed to understand expectations, but do not seem to be actually utilizing their rubric to check their work or journal entries.


At first, students were reticent to write much in their journals. My initial prompt was, “What is math?” and I gave it as a 3 minute nonstop “quickwrite.” In spite of several reminders to “Keep on writing, don’t let your brain or hand stop even if you end up with a bunch of ‘um..um...um’s’ or “Math is…Math is also……’s,” several students only wrote a sentence or two. Several students were willing to share what they wrote and the sharing incited an interesting conversation about all the facets of Mathematics, including comments like, “I didn’t know you need Math to make video games!” Students like when I write along with them and share my writing after we share and discuss they theirs.

Part IV: Analysis of Teacher Research Journal Entry 

Students are entering with weaker number sense and multiplicative reasoning than expected. This may end up causing me to slow down my intended instructional timeline. I am already realizing that the writing and sharing is taking up more instructional time than expected, so the curriculum may take a few more days or weeks than planned. I do already recognize the value of this writing work, so I think it will be worth slowing the content in order to allow for deeper understanding through written work.

Several students have difficulty explaining their thinking or writing in a metacognitive fashion. Hopefully our continued prompts, sharing, and discussion will help them show growth in these areas. So far, the journal prompts are integrating quite seamlessly with my curriculum, providing a useful venue for quick assessment through reflective prompts before, during, and/or after lessons.

APPENDIX N: STUDY TIMELINE

	Week

(AP)
	Date
	Con-sent
	Instruction / Intervention
	Data Collection
	Data Analysis
	Writing



	FALL 2011

	1
	08/15~08/19
	X
	
	
	
	

	2
	08/22~08/26
	X
	
	
	
	

	3 (1)
	08/29~09/02
	
	See Action Plan Week 1 (Appendix G)
	Pre-Assessment,

Pre-Survey
	X
	Teacher journal entry, initial findings

	4 (2)
	09/06~09/09
	
	See Action Plan) Week 2 (Appendix G)
	work & journal samples, teacher journal
	x
	Teacher journal entry, initial findings

	5 (3)
	09/12~09/16
	
	See Action Plan Week 3 (Appendix G)
	work & journal samples, teacher journal, video
	x
	Teacher journal entry

	6 (4)
	09/19~09/23
	
	See Action Plan Week 4 (Appendix G)
	work & journal samples, teacher journal
	x
	Teacher journal entry

	7 (5)
	09/26~09/30
	
	See Action Plan Week 5 (Appendix G)
	work & journal samples, teacher journal
	x
	Teacher journal entry

	8 (6)
	10/03~10/73
	
	See Action Plan Week 6 (Appendix G)
	work & journal samples, teacher journal
	x
	Teacher journal entry

	9 (7)
	10/10~10/13
	
	See Action Plan Week 7 (Appendix G)
	work & journal samples, teacher journal
	x
	Teacher journal entry

	10 (8)
	10/17~10/21
	
	See Action Plan Week 8 (Appendix G)
	work & journal samples, teacher journal
	x
	Teacher journal entry

	11
	10/24~10/28
	
	See Action Plan Week 9 (Appendix G)
	work & journal samples, teacher journal
	x
	Teacher journal entry

	12
	10/31~11/4
	
	See Action Plan Week 10 (Appendix G)
	work & journal samples, teacher journal
	x
	Teacher journal entry

	13
	11/7~11/10
	
	See Action Plan Week 11 (Appendix G)
	work & journal samples, teacher journal
	x
	Teacher journal entry

	14
	11/14~11/18
	
	See Action Plan Week 12 (Appendix G)
	Post-Assessment, Post-Survey, Video Interviews
	X
	Data notes

	15
	11/21~11/23
	
	
	
	X
	Data notes

	16
	11/28~12/02
	
	
	
	X
	Data notes

	17
	12/05~12/09
	
	
	
	X
	Revise Chapters 1-3

	18
	12/12~12/16
	
	
	
	X
	Revise Chapters 1-3

	19/20
	12/19~12/30
	
	
	
	X
	Draft Chapter 4 (findings)

	SPRING 2002

	January
	DRAFT of CHAPTERS 1, 2, and 3 DUE TO ADVISOR
	Revised, Draft Chapter 4

	February
	DRAFT of CHAPTER 4 DUE TO ADVISOR
	Revise Chapters 1-5

	March
	REVISED DRAFT of ALL CHAPTERS (1-5) DUE TO ADVISOR
	final revisions

	April
	FINAL VERSION of ACTION RESEARCH STUDY SUBMITTED TO ADVISOR and DEPARTMENT of MATHEMATICS, PUBLIC PRESENTATION ON APRIL 30th @ 3:30pm
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