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Chapter 1
INTRODUCTION
Background
Solving mathematical word problems is an integral part of mathematics education in most parts of the world because these problems allow students to apply their mathematical knowledge and skills to the real world. Word problems are written in a language that is independent of the English language, and it calls for thinking ahead and analyzing the criteria given in any word story.  At Harriet Tubman Elementary
 school, mathematical reasoning problems have proven to be quite challenging, especially for the English Language Learner population. This has been an issue for several of the researcher’s fifth grade classes, including other grade level classrooms in the school community. During the 2008-2009 school year, the researcher’s class demographics consisted of twenty-nine students with the following ethnic make-up: two Asians, one Pacific Islander (Filipino), one Middle Eastern, ten Latinos, eleven Whites/Caucasians and four students who identified as biracial (two students are part Mexican and White, one student is Mexican and East Indian, and one student is East Indian and White).

The ethnic make-up of my school consisted of 60% White/Caucasian students, about 20% Latino, 3% Black/African American students, 10% Asian, and 7 % declined to state or other. My subjects consisted of six students, which were fifth graders at Harriet Tubman Elementary.
Statement of the Problem
This study is designed to determine the language barriers that cause many English Language Learners to underperform on mathematical reasoning problems. Specific questions to be addressed are:

1. Why do a significant number of English Language Learners fail assessments that     contain math word problems, but can be generally successful with those problems that solely contain numbers? 
2. Could the difficulty EL students possess be attributed to the fact that they are written in a culturally discriminatory manner? 

3. Could reading comprehension and lack of academic language/vocabulary be directly related to their difficulty with math word problems?
4. What strategies can we provide our students so that they are less fearful and intimidated by math word problems?
5. Does direct instruction in language and learning styles aid in skills and attitudes toward word problems? 
Methodology/Theoretical Framework

Six students who were in the researcher’s classroom during the 2008-2009 school year were the subjects for this study. Qualitative data was used to help identify what specific strategies should be implemented. Some recommendations and suggestions have been offered based on the knowledge of scholarship in this area of study. All six subjects were given an initial assessment that consisted of ten mathematical reasoning problems that cover the Mathematical Reasoning Standards for the fifth grade. Five lesson plans were generated using several key English Language Learner strategies developed from the results of the pre-assessment and by referencing the Sheltered Instruction Observation Protocol (SIOP) model (which will be discussed in Chapter 2). 
After each lesson was taught, each student was given an exit slip to see if they were able to solve a problem similar to the concept recently taught. The very next day, the exit slips were passed back, so they could see their results. They were reviewed as needed, and if the concept required a reteach, the researcher was able to do so. After all five lessons were taught, students were given a post-assessment to measure improvement, if applicable. 


The current methods used in the classroom will be described as well as a detailed attempt to show how the goal was to cultivate learners that think analytically and critically about the questions that they are given. Before the end of the fifth grade, students should have developed the habits of logical thinking, and they must learn how to critically question assumptions (Mathematics Framework, 2005).
When teaching word problems in the researcher’s current placement, students were asked to break down the problem by visualizing themselves as the subject(s) in the problem and then asked to write down the information (numbers, etc.) they were given. The issue with referring to these problems as part of the “real world” is that their links to the real world tend to be most times than not, ambiguous (Gerofsky, 1999). Second, they are asked to think about which question(s) really need to be answered and word phrases were noted to indicate which order of operation(s) is/are necessary. This serves as their criteria because should they possess a number that does not coincide with the specific data given to them, then they need to re-evaluate their findings. Vocabulary that may be unfamiliar to students are discussed in detail so they can connect its meaning to the question and the scenario itself.

Part of this research will consist of a few informal observations of the students to examine how they attempt to solve mathematical reasoning problems. These observations will be prompting, in part, to aide students in the process of solving these problems. In order to achieve the goal of independence in this particular area, part of the observations will need to be conducted without intervening or helping them. An example of this will undoubtedly be during the time they are given their pre- and post-assessments.


By indicating what methods the researcher currently employs during direct instruction, one will be able to compare what is currently done during instruction with the suggestions that have been produced from the literature review. 
The overall goal of the researcher is to gather as much data from academia and from her subjects, so some recommendations can be created that may be beneficial in teaching English Language Learners to be more successful and confident with math word problems.
Definition of Terms

Math reasoning, academic language, SDAIE (Specially Designed Academic Instruction in English) or sheltered instruction, syntax, semantics, scaffolding, metacognition, and the SIOP model (Sheltered Instruction Observation Protocol).
Math reasoning consists of math problems that contain mostly words, but must include numbers (either written numerically or in words). In order to solve a word problem, one must use one or several methods of operations and check back to make sure the answer acquired is reasonable. Solving math reasoning problems require an understanding of the mathematical language as well as creating a set of steps to accurately find an answer.

Academic language can be defined as the set of words and phrases that (1) describe content-area knowledge and procedures, (2) express complex thinking processes and abstract concepts, and (3) create cohesion and clarity in written and oral discourse (Zwiers, 2004). 

SDAIE (Specially Designed Academic Instruction in English) is used across classrooms in the United States and beyond. It focuses on using a slower rate of speech, the use of visuals and manipulatives, and breaking down (mathematical) vocabulary for deeper understanding (Crandall, 1987).
Syntax is a connected system or order; a union of things. In math, it refers to the comparative structures and relationships that words play within a specific word problem within the language of math (Cuevas & Dale, 1987). 

Semantics is the study of how meaning is generated in language. In math, you will need to know how to correctly manipulate the vocabulary within a problem in order to reference its meaning (Cuevas & Dale, 1987).
Scaffolding is the process of providing support to students as needed. Once 
students begin to move toward independence, less support is provided (Echevarria & 
Graves, 2003). Scaffolding can be employed through the use of activities that build on 
one another in a meaningful and consistent manner.
Metacognition is thinking about one's thinking processes. It has to do with the active monitoring and regulation of cognitive processes and knowing how to adapt learning if it requires change (Winn & Snyder, 1996). 
The SIOP model is a framework of thirty design features that are organized in eight components: preparation, building background, comprehensible input, strategies, interaction, practice/application, lesson delivery, and review/assessment (Echevarria & Graves, 2003). 

For the purpose of this research, students of Mexican descent will be referred to as Latino. Students of European descent will be referred to as White. Students with Asian ancestry that come from, but not limited to Vietnam and India, will be referred to as Asian.


For the purpose of this study, students who are learning a second language, in this case, English, will be identified as English Language Learners. In addition, English Language Learners may also be referenced as ELs or ELLs.

Furthermore, the term “word problems” will be used in various ways, such as “math reasoning problems” and “math word problems.”
Harriet Tubman Elementary, a pseudonym, is located in South Brentville. It is a relatively new school being that it was seven years old at the time the study was conducted. The school consists of Kindergarten through sixth grades, and it contains a strand of Spanish Immersion (grades K-3). This study includes qualitative research. 

Limitations

The limitation in this study is that only a small fraction of English Language Learners at this school site were studied. The overall goal was not to look at how all ELs are performing overall; solely the students in the researcher’s immediate classroom and only in the area of math reasoning. Lastly, to assume that they would become advanced in this area is highly unrealistic given the short amount of time that was appropriated for this study.

Importance of the Study
When working with students who struggle with math reasoning problems, it is apparent that this is almost a new language for them to learn, in addition to the demands of learning English as a second language, and trying their best to meet grade-level standards and assessments. Many educators feel inclined to use supplementary resources from the curriculum as well as implement myriad strategies to make their instruction of math reasoning problems more accessible to English Language Learners. However, sometimes they do so with texts and materials that are still very dense and difficult for many students to understand (Cuevas & Dale, 1987). Written text would best serve students if it were made more readable at their current fluency and vocabulary level (Echevarria, Vogt, & Short, 2000). This would directly help to strengthen the reading comprehension and vocabulary of students who require more support in all academic areas, including math.
Chapter 2

LITERATURE REVIEW
Introduction
The number of English Language Learners (ELLs) in the United States public school system has increased dramatically. By 2003-2004, over five million ELLs, approximately 10% of the total school population, were enrolled in public schools in pre-kindergarten through grade twelve (National Clearinghouse for English Language Acquisition, 2005). What is most concerning is adequately preparing teachers, who are predominantly White and monolingual, to effectively supporting English Language Learners in education (Gutiérrez, 2002). 

One of the main objectives of this study is to offer some recommendations to teachers on how to appropriately support their students with mathematical reasoning problems. This research validates that getting ELLs to understand what the word problem is asking, alone, is a difficult task. The theoretical framework in this study is based on the SIOP (Sheltered Instruction Observation Protocol) Model. This chapter will provide information for supporting educators in the use of the SIOP model in order to help strengthen the skills of English Language Learners, specifically in math. In addition, this framework is supported by other scholars and their own views on this particular subject.

The History of the SIOP Model

The Sheltered Instruction Observation Protocol (SIOP) model, was first introduced by Stephen Krashen in the early 1980’s as a result of the growing number of English Learners and the need for them to achieve a solid linguistic foundation in English (Echevarria & Graves, 2003). This model, which is not driven by solely one learning theory, is used across the subject areas and is a way for teachers to implement specific instructional features in order to help ELLs attain English proficiency, skills, and the content standards. It is comprised of thirty items organized around the preparation of instruction, review, and assessment. Many teachers believe that they are already implementing sheltered instruction through direct instruction and other strategies used in good teaching. However, sheltered instruction is much more than good teaching. It consists of slower speech, with pauses in between sentences to give students necessary processing time, as well as verbal and visual information in small, manageable chunks. Students are provided with support in the form of visuals, text and assignments at their proficiency level, and clarification in the first language, if available. Higher level questions are also components of the sheltered instruction since the goal is for students to have full access to the curriculum, but not in a “watered down” fashion (Echevarria & Graves, 2003). When teaching ELLs, one must consider several factors that affect second language acquisition, such as: motivation, age, access to language, personality, first language development, quality of instruction, and cognitive ability (Echevarria & Graves, 2003). Since the idea of “one size fits all” does not correlate with teaching diverse groups of students, one must figure out how to best meet the needs of students so that they are successful with high expectations held in reserve for all. 

As with the subjects in this study, many English Learners who struggle with second language acquisition do not have a strong foundation in their first language. Many arrive to this country without formal schooling from their home countries and struggle with learning to speak, write, and read in the second language. This presents a problem for them as they struggle to build upon the knowledge they possess from the first language. Their formal education in English begins to improve as their first language plateaus. Once they reach a certain point in their education, their capabilities in English tend to plateau as well.

Another important factor to take into consideration is whether the child comes from a family who can be classified as circumstantial bilinguals. Circumstantial bilinguals are people who immigrate to a particular country and learn to speak the language in order to converse in formal settings. An example of this would be the parents of the subjects, whose dominant language is Spanish, but have acquired English, although limited, for the purpose of work and other formal business (Valdés & Figueroa, 1994). In this case, the parents of ELLs may be learning the language at the same time as their children, but it would be expected that their children would learn it more quickly since they are receiving formal education in the language while their parents are working.
English Language Learners and Mathematics

When analyzing math assessments, an individual may assume that a student’s test score is an accurate reflection of her/his mastery of a particular content area. However, if the math test contains questions that an ELL student might have trouble understanding, one may not be able to determine whether the low score was due to the student’s lack of mastery of the math content, limited English proficiency, or both (Martiniello, 2008). It is held by some in mathematics education that the level of English proficiency should not be an issue because mathematics is a “universal language” (Mosqueda & Téllez, 2008). During the researcher’s experience teaching math to English Learners (ELs) and in discussions with other educators, both groups of professionals found word problems to be one of the most challenging concepts to teach. If students cannot understand what is being said in math class, they tend to "switch off," making it difficult to move beyond the language barrier to become more proficient in both the math content and skills (Freeman & Crawford, 2008). They will likely become more frustrated as they fall behind as the demands are higher in the upper grades. Students must start with a foundation on which they are able to build. One should expect that a student’s current level of comprehension, fluency, and competency with grade level vocabulary would impact their understanding of certain mathematical reasoning problems.

Briars and Larkin (1984) created the Concrete, Human-Like, Inferential Problem Solver (CHIPS), a computer-implemented model to solve word problems. The researchers were interested in collecting data on the difficulty of several word problems and then formulating models to report the differences in difficulty. They were able to collect data related to the differences in the way CHIPS solved simple one-step problems compared to the thought processes of children. The organized chart with the letter (a) represents CHIPS, and the letter (b) represents a child’s typical thought process. 
            Table 2.1 Briars and Larkin’s CHIP model
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Briars and Larkin (1984)
When comparing the differences, one will notice that children may internalize only the numbers used in the problem, determine which operation to use based upon what was understood from the problem, and then will respond with one number. CHIPS processed the information first and then went through a more structured process to get the answer. It went over several learned strategies as well as the facts related to the problem before reaching the potential answer. 

Issues with Vocabulary
The linguistic development view holds that certain word problems are difficult to understand because they contain linguistic structures that are too developmentally complicated (Cummins, Kintsch, Reusser, & Weimer, 1988). This relates to the complexity in language: the comparing and contrasting, the syntax, and semantics involved in many word problems. In addition, when taking other factors into account, such as learning English as a Second Language, one must understand how learning in two languages can affect the educational outcomes of students, including Spanish-speaking students (Khisty, 2002). When students speak one language, there is one method of comprehending in that language versus the second language a person is learning. Students are forced to translate the data from English into their native language, identify a plan to solve, and then translate it back to English on paper. 

When working with math word problems, the vocabulary may at times, contain a multitude of meanings within the English Language (Dutro & Moran, 2003). An example of this would be the word plane. Learners of English may understand a plane to be an aircraft that carries passengers in the air from one destination to another. However, when learning geometry, they may not realize that a plane, in this context, is a flat or level surface. Educators must be prepared to undermine the foreseen confusions by planning to address them ahead of time. Krashen and Terrell (1983) maintain that new vocabulary can only be acquired through context and when students are able to infer the meaning from the text. Explicit teaching and modeling of words is also critical, so students are given several opportunities to connect new words and their meanings.

Researchers, such as Collier (1987), have found that it can take between five to seven years to adequately develop academic language. Some educators tend to assume that if a child is able to converse appropriately in English, that they will also be able to comprehend the academic language found in their textbooks. This is not the case since casual speaking, known as basic interpersonal communication, differs from academic language, or cognitive academic language (Khisty, 2002). In fact, many ELLs are exposed to English through television or through everyday informal conversations (Dutro & Moran, 2003). Most of their formal speaking opportunities and teachings will take place in a classroom setting. It is critical that when ELLs use incorrect grammar while speaking in front of their teacher, that she or he model the correct grammatical structures in a gentle fashion. It is counter-productive for a teacher to ignore these errors because it tends to help create gaps in the student’s development in English.


One could not expect a child to be able to successfully solve a problem if there are words that are unfamiliar to them. Likewise, a child should not be expected to solve a problem successfully even if minor wording changes were made (Cummins et al., 1988). If they lack the conceptual knowledge behind the problem, they will not even know where to begin with the problem. Martiniello (2008) conducted research showing that the more complex the wording or language is found in English language math word problems, the more difficulty they pose for ELLs compared to non-ELLs of equivalent math proficiency.

Echevarria, Vogt, and Short (2000) suggest that texts must be rewritten, along with control of the vocabulary, in order to meet the needs of students not reading at grade level. The point is not to water down the content or key vocabulary words, but to simplify the language, thus making it more comprehensible and meaningful for students.


Another issue with absorbing vocabulary words is that they cannot truly be learned solely by learning how to pronounce them and learning the definition. One would expect that as a child grows, her/his understanding of a vocabulary word deepens and becomes more profound. Nagy and Scott (2005) cite five components for truly measuring the comprehension of certain vocabulary words:

· Word knowledge is incremental, meaning we learn new words gradually and with consistent practice.

· Word knowledge is complex because they can be polysemous, meaning that they can contain various word meanings.

·  Learning new vocabulary also involves learning how to use it correctly in one’s reading, writing, speech, and being introduced to its morphology, or structure of the word.

· Effective vocabulary instruction moves beyond the definitional level of word meanings in that learning a new word entails relating it to other words previously taught.

· Word knowledge differs depending on the meaning and how it is to be used, such as learning the prepositions compared to mathematical terms, such as parallelogram, quadrilateral, trapezoid, etc. (Harmon & Wood, 2008).

MacLaughlin (2008) maintains that the gap between reading comprehension and vocabulary knowledge can be reduced when students are given intensive vocabulary instruction (as cited in Dutro & Moran, 2003, p.13). Words need to be organized into specific themes so that students are given an opportunity to learn them in a meaningful way. According to Krashen and Terrell (1983), in order for children to learn new vocabulary, they must acquire it through context, and students must be instructed on how to infer meanings from the text. This can be shown with the use of a wall chart or an overhead projector.  In addition, explicit teaching of new vocabulary should be done by choosing vocabulary words that are the most important for the intended lesson and instructing students on how to use memory strategies, such as acronyms or mnemonics, to be able to help students recall new words and their meanings (Mastropieri & Scruggs, 1998). One of the most popular mnemonics adopted at the researcher’s school is: “Does McDonald’s Sell CheeseBurgers?,” which translates to: D= division; M= multiply; S= subtract; C= check; and B= bring down. This particular mnemonic has been very successful with helping students with division using a concrete example.
Culturally Discriminatory Math Problems

It is evident that mathematical reasoning problems are written predominately by the dominant culture for children of all ethnicities and backgrounds. The problems consist of experiences that many students of color may not have been exposed to. They also include subjects that may be of little interest to children, such as stocks, bonds, and renting scuba equipment (Greenes, et al., 2002). Another issue is that word problems are not typical experiences for children of color, especially students whose families have immigrated to the United States to further their educational opportunities. The material that students learn should be meaningful so that a connection is made in regards to their own lives.
Achievement continues to be measured and the effectiveness of schools are judged based on the capacity of tests to diagnose problems and identify strengths (Valdés & Figueroa, 1994). Standardized testing assumes that “one size fits all,” whereas ELL students require more support than those who have grown up speaking English. One cannot assume that a person can learn the language in a year and be able to meet both the grade-level standards and assessments. Given that the test is written by monolinguals for monolinguals proves just how unrealistic these high expectations are. 

Teachers’ attitudes, personal beliefs, and their own interpretation of educational success may affect the way their students achieve in class (Espinoza-Herold, 2003). Once a teacher has already made up her or his mind that a student is not interested in learning, they create a barrier for success for their students. They must learn to step outside of their realm and try to imagine themselves as a young student who is attempting to learn, but may have some difficulties understanding the concepts of the second language. Most educators who enter the field are quite aware that education, especially public school education, consists of various types of learners with an assortment of learning styles, family backgrounds, and school experiences. This knowledge requires much creativity on the part of the educator to construct various ways to help her/his students reach their full academic potential.

Potential Solutions


Schumm, Vaughn, and Leavell (1994) and the planning pyramid may provide teachers with a basic layout of teacher planning by creating five points of entry and three degrees of learning. The five points of entry includes the students, the teacher, the instructional strategies, the context, and the topic. The three degrees of learning are: What all students should learn at the bottom of the pyramid; what all but only some students will learn is placed in the middle of the pyramid; and finally, on the top part of the pyramid is what only a few students will learn.  This planning model can serve as an organizer for teachers to support them with yearly, weekly, or monthly planning. They may adapt it to meet the needs in their classrooms. It serves as an organizer so that key content, vocabulary, and other information are clearly identified when instructing the lesson.

When looking inside a typical math class, one might notice the teacher doing most of the talking during a lesson. Students are not given much opportunity to interact with one another or the class as a whole. Cooperative groups have proven to be very helpful for students of color since many Latino and African American cultures teach children to work cooperatively, as in a group, not as an individual (Sleeter & Grant, 1999). This provides students, especially English Learners, the opportunity to share their thoughts on a problem when they might not have had the confidence to share it in front of the whole class. It is also held that students are capable of learning from each other as well as from the teacher during direct instruction.


A variation in reading is another possible solution to helping students with word problems. During direct instruction, it would be helpful for a teacher to read a word problem and paraphrase it for the class. This would help to clarify any questions from the reading. Using gestures and body language in one’s reading is also another method that proves to be beneficial for English Language Learners (Echevarria & Graves, 2003).


Having students read the problems independently and then asking them to explain what the scenario is asking would be valuable, just as having students read in pairs would be. A student’s level of comprehension would progress significantly if reading strategies were not consistently the same.

Culturally Relevant Math

Many students of various cultures best learn math when it is related to everyday activities, which may or may not transfer to the school context (Brenner, 1998). As mentioned earlier, many math concepts are introduced using very abstract and unexciting topics for young students, including stocks, bonds, and growing gardens. When students can relate to the content they are learning by linking it to their everyday lives, they will feel personally connected to the lesson. 


Moll and Greenberg (1990) and Civil (1995a, 1995b) have been developing culturally relevant pedagogy for Latino students, mostly Mexican students, by building classroom activities from the "funds of knowledge" that can be found in their own households. They believe that no child comes into a classroom with a blank slate and their personal stories should be validated by their classroom teachers. Since not every lesson in life is taught in an academic setting, Moll and Greenberg (1990) conducted an ethnographic study of several Latino households to verify this theory. After submitting their findings, both teachers and researchers created lessons and even invited parents to come teach lessons of their own (Brenner, 1998).


The cultures and languages of all students should be respected and validated by their teachers. Once a student feels comfortable with their classroom environment, they allow themselves to learn in an atmosphere that permits them to share their life encounters, prior knowledge, and personal experiences (Bolgatz, 2005). It is commonly believed that a child cannot learn in a classroom until there is trust in the teacher and the classroom environment. The California Standard for the Teaching Profession focuses on “engaging and supporting all students in learning” (Lee, 2005), which means every child’s personal background and histories should be supported. This is important to consider when understanding that as an educator, a person teaches the whole child, not just math to the child.
Even teachers who share a cultural tradition with their students need to reflect upon the cultural knowledge they already possess in order to make it useful for school. Regardless, the mathematics reform movement's goals of equity and excellence can not easily be met through traditional models of program and curricular development (Secada, 1992). Since the demographics of this country have been changing, it is without a doubt that the time has come to transition into a new era of teaching diverse students. The traditional modes of teaching do not and will not work for all students; one must differentiate how they teach the curriculum while maintaining high expectations for all their students.
English Language Development (ELD)/SIOP Model

When configuring lessons for ELLs, one must be fully prepared for teaching ELLs by planning ahead. A teacher must have already identified the objectives of the lesson, in addition to the language and the context that will be introduced. This preparation will help to keep students engaged while maintaining high expectations. One recommendation for this would be yearly planning, which would consist of reviewing the teacher’s manual, textbooks, resources, and the standards for specific themes in the curriculum. This way, the non-essentials are eliminated and teachers can use their time to teach the most important aspects of the curriculum. 

 Martiniello’s (2008) research of ELLs and their comprehension of mathematical reasoning problems concluded that students are much more successful when given “think-aloud protocols” versus paper assessments. This was possible for many reasons, including the student being able to rationalize their answers out loud with another person as well as being probed to explain their answers verbally instead of on paper. Since many EL students are much stronger speakers than readers or writers, this allows them an opportunity to have a voice and an explanation of why and how they answered a problem a certain way. 


Although the “think-aloud” is one possible mode for success among ELs with mathematical reasoning problems, it would not be appropriate for a classroom teacher to use every day in class. Time is a huge barrier to this possibility, so one would likely feel pressured for time if they administered this type of method on a consistent basis.  However, one possible solution might be for teachers to use this method when giving the end of the trimester or semester assessments (depending on the district’s calendar) right before report cards are to be done.
Khisty (2002) describes in her article titled, Mathematics Learning and the Latino Student: Suggestions from Research for Classroom Practice, a classroom she visited where virtually every student, predominantly Latinos, were either at grade level or beyond by the end of the school year. She cites the teacher’s attitude and knowledge of her student population that deserve credit for the improvement. Many of the students entered her classroom either one to two grade levels below in mathematics (Khisty, 2002). This proves that a teacher holds much power over the potential destinies of her/his students and their success during the school year.

Summary

Research showed that teachers who used SIOP (Sheltered Instruction Observation Protocol) with their students made significant growth in their writing (Echevarria & Graves, 2003). If gains were made with their writing, then there would have also been improvements with reading and comprehension. Studies have proven that comprehension of math is directly correlates with reading comprehension and the level of vocabulary that a child possesses. Several scholars have revealed instructional strategies, methods, and models that would help to support English Language Learners with mathematical reasoning problems. An educator in the field of math knows her or her class the best, which indicates they would be the best to indicate which methods they believe will work best with their English Language Learners. It is important to mention, however, that not all English Learners have the same proficiency levels. This includes those who speak the same language, are the same age, or have entered the country at the same age. Every EL student is unique requiring his or her teacher to create a custom learning technique to best meet their needs. The following chapter will discuss the methods used to conduct this study as well as give a detailed description of the six subjects, their school, and their overall community.
Chapter 3

METHODOLOGY

As an educator, I have observed how mathematical reasoning problems tend to create a sense of anxiety amongst my fifth grade students. Generally, students are unsure about how to decide on which operation(s) to use, as well as how to interpret exactly what the question is asking. As a result, students, especially students who are English Language Learners, do not perform well on word problems in classroom tests and standardized tests. The
 complex language found in math word problems not only causes academic hardships for children who speak English as a second language, but also for many native English speakers.

Design of the Study


This case study consists of qualitative data whereby tools were constructed to analyze the findings related to the confidence level and comprehension of mathematical reasoning problems. Within the Houghton-Mifflin curriculum, the researcher identified nineteen key mathematical reasoning concepts. Then the lessons found within the twelve chapters were reviewed to identify whether certain concepts were repeated. From this information, the researcher was able to establish ten concepts to utilize as part of the pre and post-assessment. In addition to the number of times it appeared throughout the curriculum, concepts were chosen based on the researcher’s experience as a difficult concept for her students to understand. All students in the researcher’s classroom were given a survey and pre-assessment. When the pre-assessment was reviewed and corrected, tallies were made to identify five key mathematical reasoning concepts that would be created into lessons for the purpose of her research.

Context
Harriet Tubman Elementary has been in operation for seven years. It is comprised of several ethnicities, socioeconomic levels, it is high parent involvement, and a dedicated staff. The South Brentville community consists of a diverse community of people whose socioeconomic levels vary from upper class to lower socioeconomic levels (borderline poverty). South Brentville is a fairly new area where the houses and apartments that surround the school are as new as the school. Not too far away from the school, one will find a variety of older homes and apartments as well as a trailer park. The parents in the South Brentville area have the reputation of being highly involved in the school community and participate in volunteer opportunities, as well as assisting in their child/ren’s classroom(s). It is important to mention that many school officials and parents in the community have expressed concerns regarding the lack of interaction between people of different socioeconomic standings, as well as the parents of English Learners and the English only parents.  The school has been working collaboratively with staff, community members, and the student population to improve the way in which the English Language Learner and the dominant group interact. Having contact with people who are essentially different from one another may justify the need to help classify and label people ethnically and racially (Hernandez-Sheets, 2005). The interactions between individuals who appear different from one another must be in meaningful contexts that include honesty, open-mindedness, and patience.

Harriet Tubman School also includes a strand of Spanish Immersion, which consists of grades Kindergarten through third grade only. Once a student reaches the fourth grade, they attend Ellen Ochoa Elementary, a K-6 Spanish Immersion school since Tubman’s Spanish Immersion functions as a primary program. In 2007-2008, the school established an English Learner Pilot program in response to the growing need to support English Learners in education. The EL Pilot program consisted of recommendations from several scholars from a local university, including those working under Dr. Jody Martel. The Pilot’s suggestions were consistent with helping ELs reach overall English proficiency and achieve academic success. Much of the dominant group parent community was highly concerned about this program for several reasons. They were concerned about how much this program would cost to operate, what programs would be compromised because of this program, and whether or not this program would create an EL magnet program at this particular site. Another opinion offered about this program was that a program of its kind was long overdue; that English Learners were not adequately being given services; and the achievement gap in both the classroom and based on STAR test scores were issues that would be alleviated. These views were extremely crucial in my research in that some of my subjects were students in the EL Pilot program.
In mid-September, all staff and the rest of the community were advised that they had not met the goals for two sub-groups, English Language Learners and Latino students, so Harriet Tubman would expect to go into Program Improvement during the 2009-2010 school year.

Population Sample

At the time of this study, the ethnic make-up of Harriet Tubman school consisted of 60% White/Caucasian students; about 20% Latino; 3% Black/African American; 10% Asian; and 7% declined to state or other. For the 2008-2009 school year, the researcher’s class demographics consisted of twenty-nine students with this ethnic make-up: two Asians; one Pacific Islander (Filipino); one Middle Eastern; ten Latinos; eleven Whites/Caucasians, and four students who identified as biracial (two students are part Mexican and White, one student is Mexican and East Indian, and one student is East Indian and White).
This research consisted of six focus students, who were fifth graders at Harriet Tubman Elementary for the 2008-2009 school year. These students were chosen because of their low achievement in math, on both informal and formative assessments in class, and their status as English Language Learners. Two students, Jorge and Saul, were not formally classified as English Language Learners, but their family backgrounds proved that they did have some similarities in their language backgrounds. Spanish was the first language of both students, but since their home language survey indicated that their first language was English, they were not classified as English Learners in school. The six focus students were not the only English Learners in the classroom, but those who were not chosen were either reclassified, meaning they no longer required the same evaluations as other English Language Learners based upon their academic growth and CELDT (California English Language Development Test) scores in reading, writing, speaking, and listening. The ethnic backgrounds of both student and parent subjects were of Mexican descent. One of the subjects is biracial, of Mexican and Indian descent. The students were either first generation or were born outside of the United States. Three-fourths of the focus students were English Language Learners, while one-fourth was not. It is important to mention this as many people falsely believe that all students of color are English Learners. Those who do not have much experience working with students of color or their families do not take into account that some families have long-lasting histories in this country, and they have adapted to the ways of America in addition to maintaining the traditional values, customs, and beliefs of their native home countries. 

While working with these particular students, I had already discovered several educational gaps in their math and reading comprehension based on their test scores in class and STAR (Standardized Testing and Reporting) results. This data would explain how mathematical reasoning problems posed a threat to them. 

My experience as a teacher made me come to the realization that the complex language found in math word problems did not only cause academic hardships for children who speak English as a second language, but also for those whom are native English speakers. Although many English learners are proficient in the English language due to the fact that most of her former students who have been classified as ELLs have been living in the United States for most of their lives, they have differing levels of prior education and understanding of English. Their classification as English language learners throughout their academic career can be accredited to their lack of proficiency with the language of math (academic vocabulary) and other subjects, which is upheld when looking at their scores on standardized testing (Demski, 2009). 
Subjects


Subjects that took part in this study have very unique backgrounds that distinguish them from one another. One such description includes Saul, who only spoke in Spanish up until the age of two. His primary caregivers, his maternal grandparents, spoke only Spanish in the home up until he went to a daycare facility that was closer to home, where English was spoken. Given that Saul’s father is of Indian descent, English is spoken at home between his Indian father and Mexican mother. Until after the age of two, Saul and his father had difficulties communicating at first given the fact that his father speaks Hindi and English, not Spanish. Currently, Saul is fluent in English only, but he is able to understand Spanish, particularly when he is spoken to by his grandparents. Saul currently lives with his parents and his younger sister. Saul’s comprehension and fluency have been satisfactory throughout the fifth grade, but he struggled with exams that contain comprehension questions, particularly implicit questions. This may be due in part to the fact that his first language, Spanish, was not fully developed and came to an almost complete halt as the daycare arrangements were changed and English was now his second learned language.


Romana was born in Mexico, and she arrived at the age of two when her parents immigrated in search of stable employment. She resides with her mother, her father, and two sisters. Romana’s primary language is Spanish. She has been labeled an English Learner since the start of Kindergarten and has taken part in ELD, either through a pull-out or push-in program, since the start of her schooling. What a pull-out consists of is thirty minutes of intensive ELD instruction outside of the classroom. This is instructed by a certificated teacher. A push-in program would suggest that the thirty minutes of ELD instruction was instructed in the classroom, either by the student’s classroom teacher or another certified individual. As her verbal skills continue to be labeled as intermediate, Romana has continued to struggle with comprehension and vocabulary expansion. Although she is fairly motivated in all academics, in math she struggles with all number sense, including multiplication, division, integers, and especially mathematical reasoning problems. She attends an after school program run by a local university that provides mentoring and homework support three times a week.


Blanca was also born in Mexico, and she arrived at the young age of two with her mother as they immigrated to the United States in search of a better life. She currently lives with her mother, stepfather, and four brothers. Education has been a struggle for Blanca as she has had to take on much of the care giving for her brothers in addition to providing emotional support to her mother. Like Romana, her fluency is satisfactory, but she struggles with most comprehension skills, including understanding mathematical reasoning problems. Through support and some firm conversations, Blanca has been learning to become more independent and active. As a passive learner, much of the skills she should have learned were delayed. Blanca has also been receiving EL support since the start of her education. She attends an after school program that is run by a local university that provides mentoring and homework support three times a week.


Jorge, who was born in the United States, resides with his mother, his stepfather, two brothers, and a sister. Although he has not been classified as an English Learner, he in fact displays similar learning patterns to other English Learners. He learned to speak Spanish at home, but since his mother is fluent in both English and Spanish, he learned to become proficient in both languages at the same time. He attends an after school program that is run by a local university that provides mentoring and homework support three times a week.


Graciela, the fifth subject, was born in the United States. She lives with her parents, two sisters, and a brother. Like Romana, Graciela has been classified as an English Learner since the start of her education. Despite several reading and math interventions, she continues to score Basic and Below Basic in both Language Arts and Math on the California Standards Test (CSTs). She attends an after school program that is run by the university that provides mentoring and homework support three times a week.


Elena, the last subject of this study, was born in the United States and currently lives with her mother, father, and younger brother. Elena’s personal history is unique considering she has been struggling with speech issues her entire life. Elena’s speech issues developed as a result of several ear infections as a baby, which consequently lead to surgery at the age of five.  Elena started receiving speech services in Kindergarten and was exited in the third grade. She continues to struggle somewhat with creating certain sounds in her speech in both English and Spanish. However, her determination and motivation in school, as well as the push from her very involved mother, have been instrumental to her gradual, yet upward educational success. She has also been receiving consistent ELD (English Language Development) support throughout her educational career. She attends an after school program that is run by the local university that provides mentoring and homework support three times a week.
Positionality

My personal struggles with understanding mathematical reasoning while in elementary school, which is also a focus of this study, enables me to connect to the struggles faced by my students; their struggles with reading comprehension and the word stories contained within math problems are personally understood by me. Today, I am a thirty-two year old Latina/Indigenous woman who was raised in Marina, CA. I attended Marina City Schools from Kindergarten through high school. I completed my undergraduate education and the teacher credential program at CSU, Sacramento. As a second-generation Mexican-American, I have many rich cultural experiences that I can convey as I have lived through many of the same educational experiences, as some of the children within and outside of this study. Growing up, English and Spanish were spoken in the home. Although we were not required to speak Spanish at home, we understood the language because we were spoken to in Spanish and were given several opportunities to practice the language with grandparents and friends of the family. 


As a child, I can vividly recall the word problems that were given to us. I thought of them as riddles, very difficult to try to understand, so I avoided them whenever possible. If I could go back into time, I would have looked at them as mini-stories that involve real-life issues that need to be solved. I also would have loved to have mastered the skill of detecting whether or not an answer is reasonable and how to employ determination to try several methods to solve the problem. As a researcher, I had the opportunity to work with my students so they could better comprehend word problems; I also hoped to inspire them to seek out word problems and not to feel intimidated by them.


When deciding which topic to choose, I believed that the best option for me would be to study my own students. I spoke to my principal, Wendy Bell, about my topic and how I hoped to work with students on this topic. She agreed that it would be a good topic to pursue. Soon after, I developed an assessment, which would serve as both a pre and post-assessment. I created two separate consent forms, one for parents and one for students, so that there was consensus among both parties to voluntarily participate in this study. I wanted my subjects to understand what they were going to take part in and hopefully take advantage of this opportunity, depending on them to do their very best.

Key Standards in the Fifth grade


When looking at the key standards across the grades, it was noticed that the Mathematical Reasoning strand is different from Number Sense, Algebra and Functions, Measurement and Geometry, and Statistics and Probability because it is not identified as a key standard in the fifth grade. Instead, it is embedded in each of the remaining strands so that a student is taught to observe the reasoning behind every problem within the math curriculum (California Department of Education, 2006). This would explain why it was so difficult to use the CST (California Standards Test) in mathematics as research for this study. It is evident that students struggle with mathematical reasoning problems based on classroom observations and assessments despite its direct presence in our state’s fifth grade standardized test. Within the Houghton-Mifflin curriculum, all mathematical reasoning lessons are found within the chapters, dedicating two to three lessons per chapter.

Data Collection 
Demographic data was collected from the researcher’s place of employment, Harriet Tubman Elementary. Students were asked if they were willing to participate in this study before they were given a short survey asking them for written descriptions of their opinions of math word problems. When necessary, students were asked follow-up questions to clarify anything that was unclear in their surveys. A separate subject approval was given to parents, so they knew what their child would be participating in. Student work samples, called Exit Slips, were collected that contained problems from the previously taught lesson (Refer to Appendix G). The researcher collected a pre and post-assessment that contained math scores related to the following standards:

Table 3.1. Fifth Grade Mathematical Reasoning Standards

	1.0
         Students make decisions about how to approach problems:

	1.1 Analyze problems by identifying relationships, distinguishing relevant from irrelevant information, sequencing and prioritizing information, and observing patterns.

	1.2 Determine when and how to break a problem into simpler parts.

	2.0      Students use strategies, skills, and concepts in finding solutions:

	2.1 Use estimation to verify the reasonableness of calculated results.

	2.2 Apply strategies and results from simpler problems to more complex problems.

	2.3 Use a variety of methods, such as words, numbers, symbols, charts, graphs, tables, diagrams, and models, to explain mathematical reasoning.

	2.4 Express the solution clearly and logically by using the appropriate mathematical notation and terms and clear language; support solutions with evidence in both verbal and symbolic work.

	2.5 Indicate the relative advantages of exact and approximate solutions to problems and give answers to a specified degree of accuracy.

	2.6 Make precise calculations and check the validity of the results from the context of the problem.                                                                                                                                                            


(California Department of Education, 2006)
When necessary, interviews were informally done to gain insight about the personal views and experiences shared by the subjects in the area of math. Students were briefly questioned to clarify an answer given on the survey. In addition, the original survey has been attached and its purpose was to measure their overall confidence levels and feelings of word problems to see if their opinions have changed.

Instrumentation


As mentioned previously, this study involves qualitative research. It was necessary to include a table to illustrate the findings from the pre and post-assessments. (See Appendix E for samples of these assessments.)
Once the six focus students were chosen, they were given a pre-assessment in mathematical reasoning, along with a short survey to gauge their current feelings and confidence levels in terms of solving word problems. 

Data Analysis Procedures

From the assessments, five key concepts were identified that were answered incorrectly, and thus five lessons were created. These lessons were created in such a way as to relate to the standards to address syntax, semantics, comparisons, and developing generalizations that are reasonable. I also aimed to help students realize their full potential by identifying how they learn best, whether it may be drawing a picture, making a table, creating an algebraic expression, or writing out the criteria from the problem to solve it successfully. 

Finally, after each of the five lessons was taught, a post-assessment was given to assess their overall understanding of the concepts. The researcher’s overall goal was not mastery within this specified time period, but rather proficiency, to initiate additional confidence and success with analyzing the problems critically and analytically. It would also be projected that they would feel less intimidated when challenged with a math word problem in the future. 


Students were each given a survey to complete that best described their attitudes and concerns regarding their success with current word problems. These surveys were read and taken into consideration throughout the study. This survey also included a portion that asked students to write a word problem of their own using the numbers $45 and five days. Next, students were given a pre-assessment consisting of ten mathematical reasoning problems to complete on their own. Each pre-assessment was analyzed and a table was created to easily identify each student’s challenges and successes. Thereafter, an overall class analysis of problems missed was reviewed to create five key lesson plans. 

After each lesson was taught, the students were given an exit slip with one related word problem to see how well they were able to apply what they had just learned. All exit slips were reviewed very quickly, and there was an opportunity to re-teach what was missed the very next day. Students were given a post-assessment to compare whether or not there were any improvements after the five lessons and the pre-assessment. Both the pre-assessment and the post-assessment are identical for the purpose of measuring the same data to review improvements, differences, and other data.
Breaking Down the Problem

In the Houghton-Mifflin math curriculum, students are advised to follow these four tips when problem solving: 1. Understand; 2. Decide; 3. Solve; and 4. Look Back. During the Understanding tip, students are asked to write down all facts in the problem and decide which information is necessary and what can be safely ignored. Students are also asked to re-read the problem to check for understanding of what the problem is asking. They go on to ask students to think about each fact in the problem and go about deciding on which operation(s) is/are needed to solve the problem successfully. Once a problem is solved, one must consider whether or not the answer is reasonable (Greenes et al., 2002).

Summary

This chapter was an overview of the methodology, which included background information on each of the six subjects, the school site, and the method in which the research was collected. The researcher chose six specific subjects for her research because of their low achievement in math, on both informal and formative assessments in class, and their status as English Language Learners. A detailed description was given of the site due to its unique demographics and the attention they received from a local university on how to support ELs to become more proficient in the English Language. A thorough description of the study’s components were included as well as the specific standards that were taken into consideration when the researcher planned her study. The next chapter will present the results derived from the research as well as a summation of the findings related to the research questions found in Chapter 1. 
Chapter 4

DATA ANALYSIS AND FINDINGS


Students, especially those whose English is their second language, frequently struggle with mathematical reasoning problems. The academic language found within the context of the problems can be a challenge, especially when this is required to become fully engaged in the classroom (Dale & Cuevas, 1987).  Knowing what strategy to implement can be difficult, too, especially if the problem is a multi-step problem. The following contains the results of each student’s survey, their exit slips, and a comparison of their pre-assessment and post-assessment.

All subjects were given a survey to assess their current feelings about word problems and how they feel teachers can best prepare them to solve them. The survey also included a question that asks students to define word problems and why they believe they are important for students to learn (See Appendix D for a copy of the survey). Included in the survey was also an area for students to create a word problem of their own. Furner, Yahya, and Duffy (2005) maintain that when students write their own word problems, teachers may use them in the classroom by exchanging them with other students. Their only criterion was that they must use two numbers, $45 and five days. Below are some of their answers and an interpretation of their feelings about word problems in general.

Survey Results

Jorge’s Survey Results

When asked to define word problems, Jorge described them as “problems [told] by words.” Although he wrote that he believes that word problems are important so that one can “learn more stuff,” he thought that they are often difficult and that he is not very comfortable solving them. He maintained that teachers could best help him to understand word problems if they go step-by-step when teaching. One of the most interesting parts of Jorge’s survey was his creation of a word problem:


“I work at a hotel. If I get paid $45 every five days, how many dollars would I get in fourteen days?”

In analyzing Jorge’s word problem, one would have to assume that one would need to divide forty-five by five to get nine dollars a day. Then multiply nine dollars times fourteen to get an answer of $126. His thinking when creating this problem is demonstrative of the two-step process he is able to complete independently. Not only did Jorge use both numbers in his problem, he was able to come up with a short scenario to help his reader to visualize the problem more in depth. 

Blanca’s Survey Results


Blanca was able to define a word problem as a “problem with numbers and you have to find the answer.” She believes that one must learn word problems now due to the expectations placed on students and the level of complexity in the upper grades. She stated that she is confident in solving word problems, but believes that teachers could best help her with word problems by doing them themselves and helping students to solve them. Interestingly, she was the only student to affirm that creating pictures or drawing shapes would be helpful in solving word problems. Unfortunately, what Blanca writes in her survey does not exactly match what her skills are as a word problem writer:


“Sally had $45. Bob asked her if he could borrow the $45 to buy a Gameboy. She said, ‘Sure, but I just want them back in five days.’”


As one can read, there is no problem to solve in Blanca’s word problem. She used both numbers as required, but there was not a specific action required to solve this. In fact, what Blanca created was more like a short narrative than a mathematical reasoning problem. In this case, some English Learners often misunderstand what a task is asking for and try to solve it incorrectly (Lager, 2004). It is possible that Blanca misunderstood what it meant to create a word problem of her own or the concept behind it, so she decided it was safe to include both numbers like she was asked.

Elena’s Survey Results


Elena maintained that word problems are just like other math problems except they have both numbers and words. She believes that word problems are important because it is best to know more problems that have words, not just numbers. Her confidence in word problems varies in that she believes they are good (not difficult), but that at times they are hard because she does not know what they are asking for (the steps to solve; the strategies to implement). Elena wrote that reading word problems and teaching students what to do would help her understand word problems better. Here is her creation:


“Linda wants to go to a fieldtrip. She does not have any money. She needs $45 in five days. Her dad tells her he could give her money by doing chores. He asks her how much money does she need per day?”


It is obvious that Elena was able to use both numbers as required, but this problem was a simple one-step problem. She was able to create a short story with a problem, which was helpful in getting her reader’s attention.

Graciela’s Survey Results

Graciela’s achievements in a small group have been astonishing. What I believe helps her with this success is that her self-confidence level rises as she is taught step-by-step by her teacher. She described word problems as problems that students could learn from and believes that they are important for students because “they could learn how to solve them.”


She identified herself as not very confident with word problems because when the teacher gave a word problem, she was able to solve it, but she did not really understand how she solved it. I translated this to mean that she requires much more reteaching and background on solving problems. Sometimes students, like Graciela, come up with the correct answer, but do not know how they did (Lager, 2004). Graciela asserted that teachers could best help her with solving word problems by explaining them better, going step-by-step, and by giving word problems more often. I believe that all of these suggestions are important and should always be used in the classroom. When asked to write a word problem of her own, here is what Graciela created:


“Erny and Joe are trying to add $45 into five days. Five days times something equals that $45.”

a. 8

b. 9

c. 7

d. 10

Clearly, Graciela was able to use both required numbers and is very familiar with the formats used in classroom assessments and standardized testing. Graciela’s creation was a simple one-step division problem with a reasonably uncomplicated scenario for one to solve.

Saul’s Survey Results

Saul had an interesting view of the definition of word problems when he says that “they make you use your brain and find out whatever they’re asking.” In another words, he is identifying word problems as difficult to solve because one must figure out how to solve the problem. One must have a strong command in both the English language and the math language to fully engage in the content (Lager, 2004). He believes that word problems are important for students to learn because they require thinking. What I can infer from this comment is that word problems differ from other math problems, such as those with solely numbers, because they require more thought; the solutions are less automatic. Saul felt that learning more strategies on how to work out mathematical reasoning problems would be helpful to him. When asked to create a word problem of his very own, this is what he constructed:

“Noah made $45 in five days. He donated $4.00 to a foundation. What was the total amount he had exactly?”

Saul used both required numbers and even added a third number to the scenario, although the “five days” had no real significance in the problem. One error worth mentioning is that Saul included the answer beneath the problem, but it was incorrect: thirty-six dollars. I believe that this was simply an issue of subtracting incorrectly.
Romana’s Survey Results


Romana, the final subject, held that word problems are problems where one must use words, not in problems. It is not quite clear what she meant by this, but I can assume that she meant that these problems may be better because they include words. An interesting comment that Romana included in this survey is that word problems are important because “sometimes not all information has to be used” and because “they can also help with your reading.” What she is referring to is the concept that sometimes a word problem may give more information (either written or numerical) than needed to solve the problem. It is impressive that she was able to apply this knowledge to this question. 


Romana alleged that she is not very comfortable with word problems and that they are a little hard for her to solve. She believes this issue can be remedied by "giving me more word problems and explaining how to solve them a little more. What was interesting about her mention of “Too Much Information” is that the word problem she created was the opposite of what she expressed:


“Adriana gets paid $45 each day for babysitting. If Adriana earned $70, how many days did it take to earn $70? She only works Wednesday, Friday, and Saturday.”


What is obvious is that she did not use the required “five days” criterion, but it is possible that she thought that it would not be necessary since she mentioned that Adriana worked only on Wednesday, Friday, and Saturday. In essence, this problem did not offer enough information or “Too Little Information” because the reader was not given the hourly wage to figure out how many days it took her to make the seventy dollars. Although her creation was not sufficient, it is clear that she included knowledge of making a certain income once a day as well as the idea that it might take several days to reach the mentioned seventy dollar income. It is unclear why the three days were added at the end of the construction. As I pointed out earlier in the paragraph, perhaps it was included to substitute the “five days” requirement.

Exit Slips Results
Too Much or Too Little Information


This problem contained a scenario where some students, except for two, took a quiz. It gave their scores, and the question asks for the range of the scores on the quiz. (Refer Appendix E to see an example.) Every student answered the question incorrectly. The answer to the question was that there was not enough information due to the fact that two students had not taken the test. Instead, all who answered the question insisted that there was too much information and gave a numerical answer. Graciela was pulled out of class for some testing during the end of the lesson, so she did not get to include an exit slip for this lesson. 

Two of the five students who answered the question answered it logically, in that they knew that in order to find the range, one must subtract the minimum number from the maximum number. Elena’s calculations would have been correct had the scenario been different and the two students who were absent would have taken the test.  Jorge’s answer was identical to Elena’s, however, he did not subtract correctly. When he subtracted seventy from 100, his answer was twenty. This type of error is common for Jorge to make as he does not check his answers very often.

The students who identified the problem as having “too much information” were Romana, Saul, and Blanca. All three included numerical answers, but it is unclear why they subtracted the numbers that they did. Romana got an answer of 107, and it was not possible to figure out how she came up with that answer since she did not show any work. Saul subtracted ninety, the score that seven scores got on the quiz, from 100; the score that eleven students received on the quiz. This gave him an answer of ten. I was unclear why he chose to subtract those two numbers when seventy was the lowest score. It is possible that he overlooked it when reading the problem, which would coincide with Saul’s comprehension abilities. Blanca’s calculations were the most confusing in that she wrote 100 subtracted by ninety, and then wrote the numbers eighty, seventy, and forty below that. She came up with the answer of 120, and her thinking on this problem was quite unclear. Blanca’s ability to write all the numbers down that she thinks might be needed is consistent with how she usually solves word problems, but the most puzzling part was that forty was not in this particular problem.

Use Data

This exit slip contained directions asking students to gain answers by drawing from the table related to “Customer Visit Length” to Ms. Walker’s store. (See Appendix G for this example.) The directions specifically state that the answers should be written as fractions. Romana was the only one to follow these directions despite the fact that she only answered one of the three questions correctly. 

What was interesting about both Graciela’s and Blanca’s results are that they understood the questions because they wrote down the correct numerators for all three questions. Their mistake is that they did not put the answers in a form of a fraction to include the denominator of thirty. The answers would then need to be simplified to demonstrate they understand that the final answers should contain fractions in simplest form.

Elena’s answers to this exit slip were correct except for the second question. She did not put the numbers, which was the correct numerator, in fraction form. For the second question, it appeared that she misunderstood the question and added the last two frequencies instead of looking at the sixteen to twenty time interval indicated in the question. Her answer indicated the number of customers who would visit the store for sixteen to twenty plus the twenty-one to twenty-five time frame. 

Both Romana’s and Jorge’s results showed that they understood the questions for the first two questions, but like the others, they did not put them in fraction form. For the third answer, instead of adding the first four frequencies, Jorge added all five of them, which meant that the probability would have been higher than it was. Romana’s error was that she added only the six to ten time frame instead of adding four of the frequencies.

Saul had the most trouble with this exit slip in that he only partially answered the second question correctly without writing it in fraction form. For the first question, he had the answer of three, when he should have added the frequencies of one to five to six to ten to get the fraction 12/30. In simplest form it would have been 2/5. In the third problem, Saul added two of the frequencies instead of the four. What it appears happened is that the question asked for the probability that a customer would stay for six to twenty-five minutes and Saul understood it to mean to add the frequency that started with a “six” to the frequency that ended with a “twenty-five.”

What this exit slip proved is that all students, with the exception of Saul, reasonably understood how to use data to predict each probability. What they needed was more support with reading the directions first and then forming probabilities that are made up of fractions in simplest form. 
Visual Thinking


This exit slip consisted of a picture made of toothpicks that visually showed either two giant triangles in the background and three small triangles in the front. (Please refer to Appendix G to see the example.) Students were asked to predict how many toothpicks would need to be removed to leave three congruent equilateral triangles. Five out of the six students answered this problem correctly. Blanca, who did not, was successful in writing in “take away” when she read the word “remove.” This shows she was attempting to work on comprehending the problem more in depth. However, her answer showed that she removed three toothpicks from the top, not resulting in three triangles as the question had instructed. As mentioned above, Saul, Jorge, Romana, Graciela, and Elena all correctly specified, both in writing and by putting an “x” on the toothpicks, which four toothpicks needed to be removed to leave three equilateral triangles.

Solve a Simpler Problem


All students were unsuccessful in solving this exit slip. It is believed that it was way too difficult in that it contained the words, company, shares, rose, and value. Houghton-Mifflin typically used this language to explain a loss in value of stocks and shares. When this lesson was taught, all vocabulary that could potentially be troubling to students was written on the board and were defined as a class. The class completed several word problems as a class, in a group, and on their own. One student in the class, not a focus student, tried to explain the process as best as she could since she has stocks of her own. Her mother decided to start early by introducing her two children to the world of stocks and bonds. 


This particular exit slip included a scenario which included ABC Storage, a company, who invested in shares that have recently risen from $15 ½ to $ 21 7/8. The question asks for the change in the shares’ value if the company owns 40,000 shares. Included below the question was a hint stating that this would be at least a two-step problem. The answers of Elena and Blanca were the closest to attempting to reach the answer in that they understood they needed to subtract the fractions from one another. The only issue is that they stopped right at this step even though the hint indicated that this was going to be at least a two-step process. Graciela had written the number 40,000 above her circled answer, but made no attempts to multiply the two to get the answer. Blanca at least attempted to use 40,000, but tried to divide it by the first step’s answer, 

6 3/8, instead of multiplying it. 


Graciela’s work showed that she needed to use both the 21 7/8 and the 40,000, but like Blanca, she chose the operation of dividing instead of multiplying. Although Graciela failed to follow the first step of finding the difference between the shares, she did know that she would indeed need to use the 40,000 shares that the company owns. It was unclear what Romana was thinking when she answered this problem in that she attempted to either add or subtract the fractions, which resulted in an incorrect answer of a fraction combination of twenty-five. She then divided this number by 40,000. The division algorithm was correct, but she then wrote down an unrelated number to the answer, which was 225,000 shares. One success is that she labeled the steps because she understood that this was going to be a multi-step problem.


Jorge solved this problem by adding to the two fractions together and like Romana, divided this number by 40,000. He also understood that this was a two-step problem, but failed to understand that a change in value means one must subtract the two numbers from one another. Jorge’s algorithm was correctly completed, but the answer overall was incorrect.


Saul’s work was detailed when it was finally dissected in that he got an answer of thirty-six, which was incorrectly calculated when he added the two fractions. Had he added them correctly, it should have resulted in thirty-seven and a fraction of 3/8.  Instead, he wrote the number thirty-six eleven times and added them together as he tried to divide thirty-six into 400 instead of forty. Even after discovering that thirty-six could go into 400 a total of eleven times, he wrote down the number one instead. His answer resulted in 1,002 with a question mark next to his answer.

Use Patterns


This exit slip contained a scenario pertaining to Irene, who could type sixteen words in fifteen seconds. The question was, at this rate, how many words could Irene type in two minutes. The hint identified that there are 120 seconds in two minutes. Students could have created a table with boxes with the time on the first row and the number of words typed in the second row. They also could have added the numbers they deemed necessary to solve the problem together to get the answer. 


Jorge was the only student who answered this problem correctly. He started to make a table, but then decided to add fifteen minutes over and over until he got 120 seconds. He then understood that he needed to add sixteen to itself eight times since fifteen plus itself eight times results in the answer of 120. There was obviously an easier way to solve this problem, but Jorge solved it the best way he knew how and was successful.


Graciela had the correct algorithm in mind in that she created a table with the number of words typed in the first row and the number of seconds in another. At the top of her slip, she knew to multiply fifteen seconds times eight to get 120 seconds. Her table included eight columns altogether. However, once she added sixteen to itself to get thirty-two, she then doubled thirty-two instead of adding sixteen to it. She carried on this pattern until at the eighth column, had the number 2,048 at the end. In another words, Graciela’s thinking was there and she even wrote down the criteria to make sure she understood the problem. It was the calculation error that resulted in an incorrect answer.


Like Graciela, Elena’s thinking was on target in that she created a pattern of boxes to identify how many times fifteens one could add to get to two minutes. She understood that four times fifteen equals sixty seconds, or one minute. The mistake she made was a subtle one, but she multiplied eight times fifteen seconds instead of sixteen words. Her answer, 120, was close, but she failed to recognize what other number was needed to complete this task.


Romana’s error was quite simple in that she decided to add 120 seconds to sixteen words. She obviously did not understand the relationship between sixteen words every fifteen seconds nor did she comprehend that there are eight increments of fifteen to equal two full minutes.


Blanca’s mistake also indicated that she had no concept of what the question was asking. She started with a table that contained the numbers sixteen and fifteen in the first row and 120 and two minutes in another. Her way of answering this question was adding all the numbers together, except for two minutes, resulting in an answer of 151 words in two minutes.


Saul created a t-chart like this one:

Table 4.1. Saul’s t-chart
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It is unclear how he came up with an answer of eighty when looking at this t-chart. 

He might have run out of possible steps, and he may have given up. 

Pre and Post-Assessment Results

The following is a brief synopsis of how each student achieved, comparing their pre-assessment to their post-assessment scores. Both tests were exactly the same to measure how well they improved or where their answers were deficient when looking at the ten mathematical reasoning concepts. Students were not given the results nor did they view their actual pre-assessments. 
Table 4.2. Student pre-assessment and post-assessment score 
	Student's Name
	Overall score (10)
	1  Visual Thinking
	2  Interpret Remainders
	3  Make a Table
	4  Use Data
	5  Choose Computation
	6  Use Patterns
	7  Solve Simpler Problems
	8  Write Equations
	9  Estimate or Exact Amounts
	10 Too much/little info.

	Blanca
	
	
	
	
	
	
	
	
	
	
	

	Pre-assessment
	0
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x

	Post-assessment
	5
	
	x
	
	x
	
	x
	x
	
	
	x

	
	
	
	
	
	
	
	
	
	
	
	

	Graciela
	
	
	
	
	
	
	
	
	
	
	

	Pre-assessment
	1
	x
	x
	x
	x
	x
	x
	x
	
	x
	x

	Post-assessment
	3
	
	x
	
	x
	x
	x
	x
	
	x
	x

	
	
	
	
	
	
	
	
	
	
	
	

	Jorge
	
	
	
	
	
	
	
	
	
	
	

	Pre-assessment
	1
	x
	x
	x
	x
	x
	x
	x
	
	x
	x

	Post-assessment
	4
	
	x
	
	x
	
	x
	x
	x
	
	x

	
	
	
	
	
	
	
	
	
	
	
	

	Elena
	
	
	
	
	
	
	
	
	
	
	

	Pre-assessment
	3
	
	x
	x
	x
	
	x
	x
	
	x
	x

	Post-assessment
	4
	
	
	x
	x
	
	x
	x
	
	x
	x

	
	
	
	
	
	
	
	
	
	
	
	

	Romana
	
	
	
	
	
	
	
	
	
	
	

	Pre-assessment
	1
	x
	x
	x
	x
	x
	x
	x
	
	x
	x

	Post-assessment
	2
	
	x
	x
	x
	x
	x
	x
	x
	
	x

	
	
	
	
	
	
	
	
	
	
	
	

	Saul
	
	
	
	
	
	
	
	
	
	
	

	Pre-assessment
	0
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x

	Post-assessment
	3
	
	
	x
	x
	
	x
	x
	x
	x
	x


Jorge’s Assessment Results


Jorge had scored one out of ten on his pre-assessment. The only problem he answered correctly was under the Write Equations strand.  It was clear that he really lacked a foundation in working out word problems, but there was more than that. He also lacked some confidence in the area as well. Understanding word problems and how to go about solving them are intimidating to many children, especially students like Jorge who rarely ask questions in class or choose to participate voluntarily.


During the five lessons, I noticed that Jorge had let his guard down when he did not ask questions in his group nor did he try out several methods when solving a word problem. Jorge really enjoyed using the huge whiteboards during our math lessons. Each board took up the space of practically four desks and each student was used to draw a huge cross to divide up their individual space equally. The most interesting part of witnessing some changes in Jorge is that one could actually see the wheels turning in his head as he pondered over how to begin to tackle the word problem. 


When analyzing his post-assessment, Jorge’s score improved by three more points, giving him a four out of ten. He was successful with problems related to Visual Thinking, Make a Table, Choose Computation, and Estimate or Exact Amounts. Unfortunately, the one problem he did answer correctly on his pre-assessment, Write Equations, was answered incorrectly on his post-assessment. When analyzing this mistake, it was a calculation error, a matter of subtracting incorrectly when he traded and not checking his answer.
Jorge’s progress can be seen as hopeful. His confidence and abilities obviously were positively affected the second time around as a result of the five lessons he participated in. 

Blanca’s Assessment Results


One of the most amazing results comes from Blanca’s ability to go from a zero out of ten to five correct. Blanca was one of my most difficult subjects to begin with considering she had taken on the “learned helplessness” role. She had become accustomed to sitting in her chair, not actively engaging in the content whatsoever, in hopes of being felt sorry for. She hoped this would result in someone, like the teacher, giving the answer to the question. It had become so common for Blanca to be a passive learner that she continued to fall more and more behind in all areas, including reading comprehension and math. 

Although her home issues were intruding in her academic progress due to minimal academic support and loads of financial issues that surrounded her daily life, she displayed a hint of spark in her. She was quite capable of learning and participating in class, and this was for certain once she was tested by the teacher to be more active and responsible for her own education. She made strides in all areas, and she learned to put all that was happening at home aside during the school day as hard as it was to do. 

Blanca was successful in solving problems pertaining to Visual Thinking, Make a Table, Choose Computation, Write Equations, and Estimate or Exact Amounts. When solving the problem related to making a table, Blanca was able to create a table to show how many ways a backpack could be filled with only two out of five items at a time. Interestingly, it is assumed that she guessed when she solved the problem related to choosing a computation because she showed no work, only an answer. The same holds true for the problems related to writing an equation and estimating or finding the exact answer, which did not exactly require the showing of much work. Then again, she could have shown her work on a separate sheet of paper and did not submit it with her post-assessment. Regardless, Blanca’s improvement showed promise in her ability to improve her understanding of mathematical reasoning problems.

Elena’s Assessment Results


As mentioned above, Elena had several obstacles thus far in her young life that created challenges in her learning. Out of all the subjects, she was the most motivated and eager to learn. Her results were quite surprising, considering she had only gotten one more problem correct out of ten, leaving her at four out of ten correct on the post-assessment. She managed to come up with a correct answer when answering the Interpret Remainders question. 
Graciela’s Assessment Results


Graciela scored one out of ten correct on her pre-assessment, which did not spark much surprise considering she works best in a small group. In the past, when given an independent assignment, makes mistakes while second guessing herself, in part due to a lack self-confidence. Luckily, she did prevail the second time around with the post-assessment as she scored three out of ten correct. Although there was not a huge improvement, gradual improvement showed that the lessons taught began to have at least a short-term impact on her.
Saul’s Assessment Results

When the data was analyzed, another success that was discovered was when Saul scored three out of ten correct due to the fact that he had not correctly completed any of the word problems from the pre-assessment. Those Saul was able to complete correctly in the post-assessment were the Visual Thinking, Interpret Remainders, and Choose Computation problems. 

Romana’s Assessment Results

The last subject, Romana, improved by one mathematical reasoning problem with a score of two correct out of ten. She was successful in solving word problems that dealt with the concepts of Visual Thinking and Estimate or Exact Amounts. Like Graciela, Romana is quite coherent and successful when working in a small group. I believe this is possible due to the fact that they are being given guided practice in a small group setting. Their every steps are being monitored and they can immediately ask for help should they need some clarification.

Research Questions

Research Question #1


Research Question #1 asked, “Why do a significant number of English Language Learners fail assessments that contain math word problems, but can be generally successful with those problems that solely contain numbers?” Students were relatively comfortable with math problems that deal with the four basic operations: adding, subtracting, multiplying, and dividing. As students advance in academic knowledge, they continue to find word problems to be more difficult to solve than problems presented in symbolic forms, such as an algebraic equations. This is especially true for this group of subjects who proved that they were not too intimidated by algebraic functions once they learned the purpose of the variable and how one must replace it with a number to solve the equation. However, once they would see words, they would automatically relate it to language arts, comprehension, and vocabulary. In their minds, word problems were actually problems that required reading comprehension that contained a few numbers, which needed to be manipulated in some way to answer the question. This proves that there are factors other than math skills that are in need of remedies (Cummins, et al., 1988).

Research Question #2

Research question #2 asked, “Could the difficulty EL students possess be attributed to the fact that they are written in a culturally discriminatory manner?”

All of the word problems described used language that was quite abstract for the English Learners in the class. It consisted of comparisons, difficult syntax and semantics, and students were not able to relate to many of the problems in a personal way. If students fail to solve a certain type of word problem because they do not understand the conceptual knowledge required to solve it, then one would not expect that minor word changes would be helpful (Cummins, et al., 1988). Students must be taught the key words in the word problem as well as guide them step-by-step so that they can grasp the concept. Gerofsky (1999) believes that today’s writers of mathematical word problems work hard to make their problems realistic, relevant, and unambiguous. If this true, then why do current studies prove otherwise? Mathematical reasoning problems continue to be one of the most difficult mathematical concepts to learn and teach in today’s schools. Then there is the assumption that they’ve become more relevant. How can they be considered relevant a few of the topics consist of scuba gear, stocks and bonds? Since many mathematical reasoning problems continue to be discriminatory, this topic will require further exploration in the near future.
Research Question #3


Research Question #3 asked, “Could reading comprehension and lack of academic language/vocabulary be directly related to their difficulty with math word problems?”


Almost all subjects except for Elena and Graciela were reading on grade-level, but their comprehension levels were subpar. They had a very difficult time understanding what word problems were asking because they lacked knowledge in the area of vocabulary, which would indeed affect one’s comprehension of the word problem. ELLs often misinterpret what is being asked, so they tend to solve them in the manner they best know how. If they do not understand the key word(s), they will not be capable of knowing which clarifying questions to ask (Lager, 2004). If a student does not know how to rate their own linguistic miscomprehensions of a word problem, they are likely to make the some of the following types of errors: arithmetic errors, wrong operation errors, or given number errors. Arithmetic errors are errors in which calculation errors were made by the student; wrong operations errors are a result of using the wrong operation to solve the problem, as noted in some of the students’ pre- and post-assessment results; given number errors are errors in which the child wrote down one of the numbers found in the problem as the answer (Cummins et al., 1988). This can be seen repeatedly across today’s schools and would be interesting to study some of the thought patterns of the students who make this category of mistakes. 

Research Question #4

Research Question #4 asked, “What strategies can we provide our students so that they are less fearful and intimidated by math word problems?”

Using manipulatives, whiteboards, visuals, and varying learning styles can aid students with mathematical word problems. When these items are used in a lesson, one can implement cooperative learning and other sheltered instruction strategies to support English Language Learners. 

Another possible accommodation would be to allow students to communicate math in their primary language to their peers that speak the same language (Gutierrez, 2008). If students feel more comfortable with reading and rationalizing the word problem in their native language, then they should be allowed to do so. This strategy may be beneficial for students who speak the same language, but may have varying levels of competence in math. They can rely on one another for support for comprehending and translating the key words and concepts.

Drawing upon the prior knowledge of students is another way to help students feel less intimidated by word problems. If an instructor builds from the prior knowledge of her/his students, it will help students to put the problem into context (Dutro & Moran, 2003). Once a person is able to relate to a particular scenario in a personal way, they can begin to dissect the important information from the less important and be able to logically strategize a plan of action.

Research Question #5


Research Question #5 asked, “Does direct instruction in language and learning styles aid in skills and attitudes toward word problems?”


Direct instruction is beneficial in guiding students in the understanding of mathematical word problems. They need to be immersed in mathematical vocabulary and knowledge in order to fully comprehend the problems. It is important that math instructors start to see themselves not only teachers of math, but also teachers of English (Gutierrez, 2008). Students need direct teaching of math vocabulary, skills, concepts, and thinking. Helping students to monitor their thinking, such as metacognition, will help students to think about their own thinking. Thinking about how logical one’s steps to solving a problem is or whether or not a final answer is viewed as reasonable are all part of the math thinking process. 

Class discussions and pair sharing can be useful as well to engage students in dialogue regarding their understanding of the problems. Students and teachers need to learn to interact mathematically (Lager, 2004). Class discussions may result in disagreements; however, this is acceptable as long as students learn to debate in a fashion that provides proof.  If a teacher is able to model her/his thinking process, students can begin to learn this process as well.
Summary


This chapter presented the results of the analysis of the data organized by survey answers, exit slips, and the comparison of pre- and post- assessments. Although these results merely prove to be an initial indication of the growth made possible by the teaching of five lessons structured to improve the comprehension and background knowledge of my six focus students, it is a first step in addressing the needs in this area. Although none of the six students received a perfect score of ten on their post-assessment, each student improved by at least one answer or more. This suggests that the time spent teaching the lessons and working on ways to make word problems more comprehensible was beneficial. 


In addition, in general, each student did not fare well with the exit slips, but what was most valuable to them was when their exit slips were returned to them the very next day with either a “+” for being correct, or a “-“ for incorrect. Students were able to learn from their mistakes and relearn the words that may have confused them in the first place. They learned additional ways to look at a problem based on the dialogue they heard from their peers who answered theirs correctly. They were also given a chance to celebrate their successes when they received a “+” sign on any of their exit slips. They were reminded by their teacher that the best learning takes place when a person learns from their mistakes. The most difficult problems tend to stick to our brains more than the questions we answer the most quickest. Given that, their pride in knowing they were only getting stronger and better at word problems was celebration enough.
Chapter 5

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

SUMMARY
In 1980, over half of the teachers in the United States had English Learners in the classroom when many of them had no formal coursework on how to teach English as a second language. By 1997-1998, a conservative number of three and a half million English Language Learners were enrolled in K-12 schools in the United States (Dutro & Moran, 2003). By 2009, only one can imagine that this number has grown steadily with the influx of families immigrating into the United States to live the “American Dream.” 

Many educators find it hard to believe that they would need to teach basic reading, vocabulary, or grammar skills to students in the classroom. While English might be taught in the classroom everyday, it is without a doubt that the instruction that English Learners receive should be formal, thoroughly planned out, and comprehensible for the target group of students. When teaching English Learners, one must not assume that they are all at the same competency level in English. One must take into account the number of years the student has been learning English, the role models she/he may have at home to practice the language in, and their own personalized learning styles. More importantly, an educator should take special consideration of the whole child.                  

Since math has been long identified as an academic language of its own, even more thoughtfulness should be put into instruction when introducing new concepts, vocabulary, and specific algorithms. Below are conclusions and suggestions to take into consideration when teaching and learning math.

CONCLUSIONS


Much literature in the area of comprehension and mathematics tend to point teachers in the direction of sheltered instruction when teaching English Language Learners. Sheltered instruction consists of modeling standard English, speaking more clearly, special planning to eliminate lessons that may not specifically address the needs of students throughout the year, and careful consideration of the background knowledge that each student possesses. 


The language used in everyday mathematical reasoning problems can be quite confusing for students, especially those who are learning English as a second language. This study showed that when the subjects received instruction in five main concepts of mathematical reasoning problems and then were given immediate feedback on their exit slips, they were able to gain more insight. Although there was not a huge improvement for all subjects, nonetheless, all improved. This proves that perhaps that there would be more growth in the long-run. 


The overall goal of the researcher was helping her students to monitor their own thinking and make changes as necessary. In addition, she wanted her students to learn to dissect the problems in a more strategic way. Furthermore, the most important goal of all was helping to instill confidence in her students as they worked through the problems. Since it is likely that word problems are here to stay in public education, it is critical that students not feel as intimidated by them as in the past, so they can feel like they have a winning chance of solving it correctly. Below are some recommendations for helping English Language Learners with mathematical reasoning problems in the classroom.
RECOMMENDATIONS
According to NCTM (National Council of Teachers of Mathematics), it is 
believed that math should be taught with problem solving as its central focus. All other 

math standards should be based upon problem solving, not the other way around (NCTM, 
1980). This is an interesting concept considering many are prone to teach problem 
solving either in isolation or separate from other math lessons. Perhaps students would 
feel more inclined to solve word problems if they were part of their everyday lives. This 
would be an interesting concept.

A significant lesson to put into practice in the classroom and into the heads of students is that thinking is more valuable than getting the answer correct. A real problem solver is not a person who understands how to find a solution right away, but one who is able to experience it as a thinking process. One must use patience and determination to decide on several ways of solving a particular word problem.   
Like narratives, word problems require skillful mapping of text meaning onto the reader’s existing background knowledge (Cummins et al., 1988).  In order for actual comprehension to be achieved, the reader must be able to map linguistic input onto knowledge about the problem’s structure (Cummins et al., 1988). In an educational setting, when a child is learning to become more proficient with reading comprehension, they must be able to understand the text in context and be able to relate to it in some way. The goal of Butler and other researchers (2007), who created and implemented two Academic English pilot programs in the Southern California area,  was to generate assessments that are deemed more appropriate for English Learners. They hold that prior knowledge should not be necessary for a student to answer any comprehension question correctly (Butler, Bailey, Huang, Shin, & Farnsworth, 2007). All questions should be familiar to all students, not just those who have opportunities more aligned with those of higher socio-economic status.  Lastly, students should be able to make connections to the content in class.

An example of necessary prior knowledge would be a problem whereby students must evaluate how much a company would prosper if they had 200 shares worth $10, 000 each if they increased in value by ¼ in two years. A student would first have to be familiar with what the definitions of company, stock, value, and shares would be before beginning to solve the problem. They would have to determine what ¼ times 10,000 is to see how much each share would increase; then they would have to comprehend that this answer is solely the value of one share, so they would need to multiply their answer by 200 to reflect the number of shares. This would then result in the product. In order for a child to understand this verbiage, she/he must not only be familiar with fractions, multiplication, and other vocabulary, but what it means to find the answer to such a complicated problem.  

It is essential to mention that the academic language found in the text and in various math assessments should not be watered down or simplified; rather it should be scaffolded, reintroduced and practiced by students in order to comprehend the structure of the assessment or text. 

Any educator who teaches mathematics problems can admit that one of the most important lessons her/his students can learn from their class is having the ability to read a word problem in a positive light and expect to solve it successfully. Most educators of math would also agree that a person is most enlightened when one learns from her/his mistakes. It is possible that this learning may become part of one’s long-term memory to ensure that the exact mistake is not repeated during test time.

Students must be encouraged to attempt to solve a problem on their own without pessimism. When they are given the tools to approach a given problem, they will have the courage to try it out. Determination is also important as it is evident that not all problem solvers can find a solution to a problem the very first time. What must be expressed to students of math, in addition to students of other disciplines, is that the important part of learning is being able to learn from your mistakes, stay determined, and maintain positivity. 


Research shows that children of color prefer to work in cooperative groups because they feel more comfortable learning in this style (Gutiérrez, 2002). Instruction should be adapted to the learning style of the students. An example of this is with the preferred style of learning of Native American students because whole language emphasizes meaning and process over product and uses cooperative work. Many Black students tend to “tune in” more in a classroom that includes interpersonal interaction, such as cooperative learning. 

Finally, like any good teaching, manipulatives or the use of visuals are always instrumental in the classroom. Students may need to keep a dictionary to write down vocabulary words that may help them with their future assignments or tests. These tools can aid students to fully comprehending complex math structures in a more meaningful way. 
An important lesson that I learned one year ago from taking part in a Mathematics Lesson Study in South Brentville, CA is that as a teacher, a person should always attempt to understand why a student answered a problem the way they did. Learning a child’s thought process at the time of the lesson or assessment could help one understand how the student thought their answer was logical. Teachers should recognize that what seems like an error to oneself as a teacher are actual expressions of the child’s particular thinking process and their understanding of the problem (Wood, 1993). Since teachers can be identified as those who help to cultivate lovers of learning, it is imperative that they teach their own students to recognize and value the diverse array of learning styles and though processes found prevalent in society.

APPENDICES

APPENDIX A

Consent Form in English
PARENTAL CONSENT

Mathematical Reasoning Study

A. PURPOSE AND BACKGROUND

I am currently working on the research portion of my thesis for the Bilingual/Multicultural Education master’s program. This research study will consist of implementing practical teaching methods to help students achieve more success with mathematical reasoning problems. The purpose of this study is to learn how students perceive different math problems and to guide them through as a means to solving them successfully. As the researcher, I will be teaching my students various strategies as well as instruct them on how to dissect the true meaning behind the question to solve.

Why is it important for your child to participate in this study?


Participation in this study is voluntary. Your child will not be penalized for not participating with any part of this study, although it would be more helpful and useful to me in my research. All information gathered will be kept private. All the names of students will be given pseudonyms, so their real names will not be revealed.


The advantages of participating in a study like this is that students will be able to learn new techniques that can be used in their future math classes as well as the ability to become more comfortable with solving math word problems.


My findings from this research will be used as data in my thesis, which will result in several recommendations on how to help students become more comfortable and successful with math word problems. 
B. PROCEDURES

If you agree to allow your child to be part of this study, the following will take 
place:
· Students will be given a survey to assess what their current feelings are about word problems.

· Students will be given a pre-assessment to see in which areas they need the most 

intervention and support.

· After analyzing the data from the pre-assessment, I will create 5-6 lessons that will address these needs. These lessons will implement strategies, methods, and recommendations gathered from the research related to this topic.

· Students will be given a post-assessment after all lessons have been taught. Assessment results will be analyzed, comparing them to the pre-assessment, and used as data in my thesis.

C. RISKS/DISCOMFORTS
There will be no risks while participating in this study. There might be some discomfort, however, since many students have a history of disliking word problems. This study will challenge them to think of word problems in a different way. I will serve as a guide to support them along the way for every lesson and assignment they may be given.
D. BENEFITS


Students will be able to use the information they were taught during the lessons for the future. They will be able to try several strategies when working out a word problem. They will have had the opportunity to learn how to translate the language of word problems into words and ideas that are more comprehensible to them.
E. ALTERNATIVES

Students who choose not to participate in this study will be given a math packet that consists of fifth grade math concepts. They will be required to work independently as I will not be able to assist them while teaching the lessons for this study.
F. COSTS

There will be no costs to you or your child.

G. PAYMENT

You will not receive any payments.

H.QUESTIONS


Should you have any questions regarding this study, please contact me at (530) 759-2100 ext. 252 or email me at: csandoval@djusd.k12.ca.us.
I. CONSENT

You have been given a copy of this consent form to keep.

PARTICIPATION IN RESEARCH IS VOLUNTARY. You have the right to decline to allow your child to participate or to withdraw at any point in this study without penalty or loss of benefits to which your child are otherwise entitled.

If you give your child permission to participate, please sign below.

Parent/Guardian’s Signature
____________________________________________

Date
________________________

Child’s Name ____________________________

APPENDIX B

Consent Form in Spanish
PERMISO DE PADRE DE FAMILIA PARA LA PARTICIPACIÓN DE SU HIJO (A)
En Una Investigación Sobre  el Razonamiento Matemático

A. PROPUESTA Y ANTECEDENTES

Al presente me encuentro trabajando sobre la porción de investigaciones de mi tesis para el programa de maestría Bilingüe/Multicultural.  Este estudio de investigaciones consistirá en la implementación práctica de métodos de instrucción para ayudarles a estudiantes para que tengan más éxito con problemas de razonamiento matemático.  Los propósitos de esta investigación son de aprender como es que los estudiantes interpretan los diferentes problemas de matemáticas y también para darles dirección con tal de que ellos encuentren la solución atrás de cada cuestión exitosamente.  Como la investigadora, les estaré dando instrucción a mis estudiantes sobre las varias estrategias al igual que darles la instrucción de cómo apartar la verdadera significancía detrás de cada pregunta por resolverse.

¿Por qué es importante que su hijo/a participe en esta investigación?

La participación en esta investigación es voluntaria.  Su hijo/a no será penalizado por no participar con ninguna parte de la encuesta, aunque sería de mucha ayuda y muy útil para mi investigación.  Toda la información colectada se guardará en privado.  Los nombres de los estudiantes no se usarán y se guardarán en estricta confianza y sus verdaderos nombres no serán revelados.


Las ventajas de participar en tal investigación son que los estudiantes podrán aprender nuevas técnicas que después podrán utilizar en sus futuras clases de matemáticas; además, aumentaran en sus destrezas de como solucionar problemas de la matemática de palabras en la vida cotidiana.


Los resultados de esta investigación se usarán como datos para mi tesis, que resultará en varias recomendaciones sobre como ayudarles a los estudiantes para que lleguen a sentirse más cómodos y tener más éxito con problemas de matemáticas de palabras.

B. PROCEDIMIENTO

Si usted consiente y da su permiso para la participación de su hijo/a en esta investigación, puede esperar lo siguiente:

· A los estudiantes se les dará una encuesta para asesorar sus presentes sentimientos sobre problemas de matemáticas en palabras.

· Se les hará un asesoramiento preliminar para ver en que áreas necesitan la mayor intervención y apoyo.

· Después de analizar los datos de este asesoramiento preliminar, yo crearé de 5 a 6 lecciones que tomarán en cuenta estas necesidades.  Estas lecciones implementarán estrategias, métodos, y recomendaciones colectados de la investigación relacionados al tema.

· A los estudiantes se les dará un asesoramiento después de darles la instrucción de las lecciones.


Los resultados del asesoramiento serán analizados, comparados al asesoramiento preliminar, y usados como datos en mi tesis.

C. RIESGOS O INCONVENIENTES


No habrán riesgos con la participación en esta investigación.  Sin embargo, podría haber alguna  inconveniencia, ya que muchos estudiantes tienen una historia de no gustarles los problemas de matemáticas en palabras.  Esta investigación les proveerá un reto a los estudiantes para que comiencen a acercarse a los problemas de matemáticas en palabras de otro modo.  Yo les ayudaré de guía con cada lección y tarea que ellos reciban.

D. BENEFICIOS


Los estudiantes podrán utilizar la información que reciben mediante las lecciones para su futuro.  Ellos podrán tratar varias estrategias mientras de que buscan la solución a problemas en palabras.  Ellos tendrán la oportunidad de aprender como convertir el idioma de problemas en palabras a otras palabras e ideas que sean más comprensibles para ellos.

E. ALTERNATIVAS


A los estudiantes que decidan no participar en la investigación se les dará un paquete de problemas de matemáticas que consistirá en conceptos de matemáticas del quinto grado.  Se les requerirá que trabajen independientemente ya que yo no les podré ayudar directamente porque estaré instruyendo las lecciones para esta investigación. De todos modos evaluaré su trabajo.

F. COSTOS


No hay ningún costo para usted ni para su hijo/a.

G. PAGOS


No recibirá pago por su participación.

H. PREGUNTAS


Si tiene alguna pregunta sobre esta investigación, favor de contactarme al (530) 759-2100 Ext. 252 o mandarme correo electrónico a:  csandoval@djusd.k12.ca.us
I. CONSENTIMIENTO


Se le ha dado copia de esta forma de consentimiento.  PARTICIPACIÓN EN ESTA INVESTIGACIÓN ES VOLUNTARIA.  Usted tiene el derecho de rehusarse a la participación de su hijo/a desde un comienzo, o de retirarse de la investigación a cualquier tiempo sin ser penalizado o perder beneficios que le corresponden ser recibidos por su hijo/a.

Si usted da el permiso para que su hijo/a participe, favor de firmar abajo.

Firma de Guardián o Padre de Familia  _____________________________________

Nombre del estudiante  _________________________________________________

Fecha  _______________________________
APPENDIX C

Student Consent Form
Student Agreement to Participate in Research

Ms. Cristina Sandoval at Sacramento State is asking you to participate in a research project that deals with learning about new strategies about math word problems. This research is important because it may help, for example, future fifth grades by teaching them new ways to solve word problems and not be so afraid of solving them.

You will be given a pre-assessment to see what you already know. You will also be given a survey so that your feelings and opinions are written about this subject. You will be taught about six lessons and then your teacher will give you a post-assessment to see what you’ve learned.

The important part of this research is to look at what you know in the beginning and then see how you have improved. The testing, and your participation in this research, will be kept private. Your real name will not be used in this research.

Your parents have already been asked whether it is OK with them for you to be in this

research, but if you decide not to participate, no one will be upset with you. Please write your name and today’s date on the line below if you are willing to be in the research.

________________________________

____________________

Signature of Participant 



Date
APPENDIX D

Student Survey
Name __________________________________    Date __________________________

Please answer these questions as thoroughly as possible. There are no right answers. I would like to see how you feel about some math topics.

1. What are word problems?

2. Why are word problems important for students to learn?

3. What do you personally think of word problems? Are you confident in solving them? How comfortable are you with them?

4. How can teachers help you to understand word problems better?

5.  Please try to create a word problem of your own using the numbers $45 and five days.

[image: image10.jpg]



APPENDIX E

Pre and Post Assessment
and Answer Key
Name _____________________________________     Date _____________________
Please answer each word problem the best you can. You may use scratch paper if you need to draw a picture, a table, etc. to solve the problem. Please attach any scratch paper to this assessment if you use it.
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1.



Explain how you can remove two toothpicks and leave a total of 5 squares.

2.     Each shelf can hold 5 sets of books. If the library has 409 sets of books, how many shelves will be full?

3. Juan is packing his backpack before a hiking trip. He can only fit two of these five items: sunblock; first-aid spray; extra socks; camera; and flashlight. Using a table, how many ways can he pack his backpack with two of these items?

4.


Propane Tank Times

	Time (minutes)
	Tally
	Frequency

	0-30
	IIII III
	8

	31-60
	IIII IIII  II
	12

	61-90
	III
	3

	91-120
	IIII IIII  I
	11

	121-150
	IIII IIII  IIII IIII  II
	22

	151-180
	IIII
	4


What fraction of the total grills tested were fueled for one hour OR less?

5. At the Horse Shop, you can rent a helmet and boots for $8 per day. At the Saddle Shop, boots cost $65 and helmets cost $39. If Omar will be at horse camp for 15 days, should he rent or buy this equipment?

6. Try using a chart to help you answer this question: 

Mark earns $8.00 an hour. Each year he gets $0.75 (75 cents) raise. What will be his hourly wage five years from now?

7.
Try to solve this by breaking it down into a simpler problems first.
In 2002, a company stores 45,000 tons of material. It hopes to increase that amount by $15 ½ to $ 21 7/8 each year. If they are able to do this, how many tons of material will they store in 2004? What operation should you use?

Use an equation to solve this money problem.

8.
Kathy wants to buy a CD for $21.95. She has $16.85 saved. How much more money does Kathy need to save?

9.
During the Gold Rush, many gold seekers earned from $12 to $15 per day. One gold seeker was reported to have earned $128 in one day. Which amount is exact? Which amount(s) is/are an estimate?

Sometimes a problem gives more information than you need. When this happens, you need to figure out what information is needed to solve the problem. When a problem does not give enough information, you must decide and write down what information is missing in order to solve the problem. 

Solve this problem if you can. If any information is missing, tell what you need to know before you can solve it.

10. There were 1,230 people at the fair on Monday, 828 people on Tuesday, and 1,459 people on Saturday. Over 6,000 people attended the fair that week. How many people were at the fair on Thursday?

Pre-Assessment Answer Key

NOTE: Where words are italicized within a word problem indicates a clue or helpful hint to the student.

1.
Remove any two from an outside corner. (Visual Thinking: Ch.10 L11, p.483)

2.
81 sets 
(Interpret Remainders: Ch.4 L5, p.143)

3.
10 ways
(Make a Table: Ch.1 L13, p.35)

4.
1/3

(Use Data: Ch. 6 L14, p.281)

5.
buy 

(Choose Computation: Ch.3 L9, p.117)

6.
$11.75

(Use patterns: Ch7 L20, p. 349)

7.
$64,800
(Solve Simpler Problems: Ch.8 L7, p. 383)

8.
$5.10

(Write Equations: Ch.2 L11, p.79)

9.
exact: $128; estimate: $12-$15. 
(Estimate or Exact Amounts: Ch.1 L4, p.13)

10.
Too little information-You need the exact number of people that attended that week, not an estimate. You also need the number of people who attended on Wednesday, Friday, and Sunday.       (Too Much/Little Information: Ch.2 L3: p.57)

APPENDIX F

Math Lessons
Lesson: Too Much/Too Little Information                     
(MR 1.0, 1.0, 2.0, 3.0, 3.2)                                      
(Chapter 2 Lesson 3 and Math Steps p.61
 and 267)

Objectives and Goals
Students will find the information needed to
solve a problem.

Anticipatory Set
Two concrete examples of this lesson will be given-
one has too much information and the other has too 
little information. Explain that when a scenario gives 
you too much information, you can still solve it. It’s 
when there is not enough information that you can’t solve it without the necessary information. The needed
information may be more than one item.
Direct Instruction
I will discuss what it means for a problem to give too much         
or too little information. We will go over these standards:


1. Understand



2. Decide



3. Solve



4. Look Back

· Write any facts down from the problem. Determine if there too much information. If so, cross it out. 

· If there is not enough information to solve it, think about what you still need to know and write it down. Remember to re-read each problem more than once. 

· Make sure you understand the scenario thoroughly (words, meanings, numbers, etc.).

(GO over Thinking Aloud process so they can learn to do the same when solving these types of problems.)

Guided Practice
I will go over number 1 on p. 61 and number 1 on p. 267 together as a class. We will even create a picture if we need to.


Closure
Go over the Too Much/Too Little Standards again as a class.

Independent Practice
Assign problems 2-5 on p. 57 in the Houghton-Mifflin math book. These will be completed in their math notebooks. Target students and I will work as a small group during this time.
Required Materials and Equipment
Math Steps, teacher’s edition; Houghton Mifflin math books, student and teacher book; big chart paper; markers; student math notebooks to do guided and independent practice problems and take notes.

Assessment and Follow-Up
Once all five lessons have been taught, students will re-take the assessment they took a while back. They will have to complete an “Exit Slip” for this particular lesson to show what they’ve learned.

Lesson: Use Data (M.R.1.0, 1.1, 2.0, 2.3, 3.0, 3.1, 3.2)
(Chapter 6 Lesson 14, p.280-281 and Problem Solving for Success p.68.)
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Objectives and Goals
Students will use data to make predictions. 

Anticipatory Set
I will show them the table found on p. 280 and will ask them some clarifying questions. 

· What is the question? (Carefully look over the table if there is one.)

· What do you already know?

· Decide

· Solve

· Check your answer. Is it reasonable? Does it make sense?

Direct Instruction
I will pass out a table to each group (six) from the lesson. We will go over the question they pose in the book and create some questions of our own. Students will switch questions with a partner and answer them.

Guided Practice
I will create a chart of the “Bags of Recyclables Collected in Forest Glen Neighborhood.”  

DATA: 0-5: 7        6-10: 13         11-15: 24

16-20:18

21-25:8               26-30: 2

We will create a frequency table using this data and I will ask them some questions related to this table.  How are the intervals counted?

1. How many houses collected between 16-20 bags?

2. How many houses collected under 21 bags?

3. How many more houses collected 11-15 bags than 16-20 bags?
4. What fraction of the homes collected 0-5 bags?

5. What fraction of the homes collected between 16-30 bags?
Closure
Once we finish going over our Data lesson, we will go over what “using data” consists of and how predictions can be made.

Independent Practice
As their independent practice, I will ask pairs to come up with some questions of their own.

Required Materials and Equipment
Houghton Mifflin math books, student and teacher book; big chart paper; markers; student math notebooks to do guided and independent practice problems and take notes.

Assessment and Follow-Up
Once all five lessons have been taught, students will re-take the assessment they took a while back. I will assign an exit slip for them to complete.

	Flashlight Test Results

	Time

(in hours)
	Tally
	Frequency

	20-24
	
	3

	25-29
	
	8

	30-34
	
	22

	35-39
	
	6

	40-45
	
	1


Lesson: Use Patterns (MR 1.0, 1.1, 2.0, 2.3, 3.0)        
(Chapter 7, Lesson 20, p. 348-9)
Objectives and Goals
Students will use patterns to solve (fraction) problems.

Anticipatory Set
I will put up a few patterns on the board that will require students to fill in the next few steps. We will discuss when they were first introduced to patterns in the primary grades and how they usually consisted of shapes and at times, numbers.

Patterns for this lesson:

2
6
8
14
22
____     ____

1
1
2
3
5
8
13
____

3
15
75
375
____
____

Direct Instruction
I will present a problem from the Problem Solving for Success Resource book, p. 81 that may be confusing to students because it insists of adding fractions. Students who need additional support may want to add them so that there is a visual representation of the cups of flour. Students who are more confident may just multiply the fractions to get the correct answer.
Guided Practice
We will go over a specific problem that does not consist of numbers per say, but coins. We will use place value units instead of pennies for this lesson.


Mr. Higgins arranges three pennies in the form of a triangle with two pennies in the bottom row and one on top. How many pennies will he need to make a triangle with six rows?

We will create a model of this ourselves as well as draw a picture of it in their notebooks/chart paper.

Closure
I will go over the steps to solving mathematical problems again and will hand out an exit slip for them to complete independently.

Independent Practice
They will be assigned to do p. 417 (Chapter 9, Lesson 5) which is a “Pattern” lesson as well. They will have to do numbers 1-8 in their notebooks. I will allow them to work together in a small group.

My focus students will work on three specific problems, p. 80 from the Problem Solving for Success Resource book.

Required Materials and Equipment
Houghton-Mifflin math books, Problem Solving for Success Resource book, Math Steps book, chart paper, place value units, and student notebooks.

Assessment and Follow-Up
Once all five lessons have been taught, students will re-take the assessment they took a while back. They will have to complete an “Exit Slip” for this particular lesson to show what they’ve learned. For closure, I will give them an exit slip to show me what they learned.

Lesson: Solve a Simpler Problem  

(From Chapter 8 Lesson 7) 

Objectives and Goals
Students will solve a problem by 
first solving a simpler problem.

Anticipatory Set
I will go over these terms:

company (noun)--a number of persons united or incorporated 
for joint action, esp. for business: a publishing company; a 
dance company.
invest (verb)-- to put (money) to use, by purchase or expenditure, in something offering potential profitable returns, as interest, income, or appreciation in value.
shares (noun)-- one of the equal fractional parts into which the capital stock of a joint-stock company or a corporation is divided.
stock (noun)-- the shares of a particular company or corporation.
rose (verb)-- part of rise; past-tense form of “rise.” (grow, increase)

Direct Instruction

For this particular lesson, there were quite a few problems dedicated to a company’s increase or decrease in stocks, shares, value, etc. I decided the best way to go about this lesson would be to teach students the vocabulary first and then work on the word problems.
Guided Practice
We will go over problem #1 from the Problem Solving for Success Resource book. 

Difference in value   X            # of stock

=    increase/decrease in $$
Closure
In the Closure section, outline how you will wrap up the lesson by giving the lesson concepts further meaning for your students. 

Independent Practice
Through homework assignments or other independent assignments, your students will demonstrate whether or not they absorbed the lesson's learning goals. 

Required Materials and Equipment
Here, you determine what supplies are required to help your students achieve the stated lesson objectives. 

Assessment and Follow-Up
The lesson doesn't end after your students complete a worksheet. The assessment section is one of the most important parts of all.

Lesson: Visual Thinking 

(Chapter 10 Lesson 11)

Objectives and Goals
The lesson's objectives must be clearly defined and in lined with district and/or state educational standards. 

Anticipatory Set
Before you dig into the meat of your lesson's instruction, set the stage for your students by tapping into their prior knowledge and giving the objectives a context. 

Direct Instruction
Guided Practice
Under your supervision, the students are given a chance to practice and apply the skills you taught them through direct instruction. 


Closure
In the Closure section, outline how you will wrap up the lesson by giving the lesson concepts further meaning for your students. 

Independent Practice
Through homework assignments or other independent assignments, your students will demonstrate whether or not they absorbed the lesson's learning goals. 

Required Materials and Equipment
Here, you determine what supplies are required to help your students achieve the stated lesson objectives. 

Assessment and Follow-Up
The lesson doesn't end after your students complete a worksheet. The assessment section is one of the most important parts of all.

APPENDIX G

Exit Slips
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Too Little or Too Much Information





On a math quiz, 11 students scored 100, 7 


students scored 90, 6 students scored 80, 


and 4 students scored 70. Two students were absent from math class and didn’t take the


 quiz. What was the range of the scores on 


the quiz?


Please solve.





Visual Thinking


How many toothpicks would you


 have to remove from the figure to


 leave three congruent equilateral triangles?


�








Name _____________________                     Name ______________________





Solve a Simpler Problem





ABC Storage invested in a company whose shares rose from $15 ½ to $ 21 7/8. If they own 40,000 shares, what was the change in the shares’ value?


(Hint: Remember-this problem is at least 


a two step problem.)











Use Patterns





Irene can type an average of 16


 words in 15 seconds. At that rate, 


 how many words will she type in two 


minutes? 


Hint: There are 120 seconds in two 


minutes!


(Make a table to help you!)








 Name _____________________                     Name ____________________








� All school, city, and student names in this thesis are pseudonyms





PAGE  

viii



