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ABSTRACT

VALERIE LEMON FLAGG
NEWMAN’S ERROR ANALYSIS & MATHEMATICAL LANGUAGE: 
DIAGNOSING MATHEMATICAL ERRORS ON WORD PROBLEMS MADE BY 4th 
GRADERS WHO ATTEND A LOW SES SCHOOL 
Under the Direction of DR. BARBARA J. RASCOE, Ph.D.

Many reform efforts designed to close the mathematics achievement gap existing 

between students of poverty and their more affluent peers focus on numeracy and 

algorithms, rather than the language of mathematics. This exploratory case study 

investigated how fourth graders understood the language of mathematics and identified 

the types of errors they made when completing word problems. A sample o f seven Black 

fourth grade students who attend a school in a low socioeconomic status (SES) 

community completed 15 word problems and responded to five semi-structured interview 

prompts as used in the Newman’s Error Analysis (NEA) diagnostic tool (Newman, 1977; 

White, 2005). Qualitative data analysis was based on coded errors in reading, 

comprehension, transformation, process skills, and encoding. The findings of this study 

were that reading comprehension errors occurred prior to the participants completing 

algorithms or computations, illustrating the importance of determining when and where 

students make mistakes when completing word problems. Implications were that 

mathematical language should be a curriculum focus and embedded into classroom 

instruction. Future research using NEA with other populations was recommended.

x



CHAPTER 1 

INTRODUCTION TO THE STUDY 

Background

Numerous headlines and titles appear in newspapers, journals, blogs, books, and 

magazines across the United States about the mathematics performance of low-income 

students. Comparisons are often made, as this seems to be a contentious topic, relative to 

attempts to close the mathematical performance gap (Graham & Provost, 2012; Jordan & 

Levine, 2009; Ladd & Fiske, 2011). A portion of the gap that exists between students of 

poverty and students of more affluent communities is due to multiple factors, such as 

financial resources (Graham & Provost, 2012); variation in instructional practices 

(Schorr, Warner, Gearhart, Schools, & Samuels, 2006); quality of teachers (Ladd & 

Fiske, 2011); and politics (Ladd & Fiske, 2011). The mathematical performance gap may 

also be attributable to pedagogical practices as they relate to mathematical 

communication and explanation o f concepts. Some researchers have asserted that, in an 

effort to improve performance levels, schools and districts should include problem

solving that will encourage and promote higher order thinking thus, enabling students to 

acquire knowledge that is deeper and more beneficial than computing algorithms and 

regurgitating facts (Martinez, 2010; NCTM, 2000; Ormrod, 2008). Some even suggest 

that this could assist with the construction of meaning and enhance mathematical 

communication (Schorr et al., 2006).

1



Mathematical difficulties are often related to socioeconomic variation (Jordan & 

Levine, 2009). The performance gap is substantial when comparing low socioeconomic 

status (SES) students’ performance to the performance of their higher-income peers. As 

reported in The Condition o f Education, the level of poverty in schools affects student 

academic outcomes (NCES, 2013). Table 1 depicts the National Assessment of 

Educational Progress (NAEP, 2014) mathematical scores of fourth graders. It illustrates 

the academic performance gap existing between students who are economically 

disadvantaged and their peers who derive from non-economically disadvantaged families.

Table 1

U. S. Mathematics Performance Gaps of 4th Grade Students (NAEP, 2014)

Year Economically Non-Economically Performance
Disadvantaged Disadvantaged Gap

2013 230 254 24
2011 239 252 13
2009 235 250 15

Note: Reported scores are average scores o t students eligible and not eligible tor Free or Reduced-Priced Lunch (KKFL)

Table 1 compares average scores and achievement levels in NAEP mathematics 

performance for three consecutive years of assessment (given every two years). 

Examining these gaps is imperative to the future of mathematics as the data illustrate a 

correlation between SES and performance.

Statistical data, such as those reported in Table 1, are frequently used to guide 

instruction and promote mathematical curriculum reform. The NAEP (2014) national 

mathematics scores for fourth graders show performance gaps in 2009-2013. The 

performance gaps between students in economically disadvantaged communities
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compared to students in non-economically disadvantaged communities are also depicted. 

The statistics in Table 1 also justify the importance of conducting an investigation of 

mathematical language and students who attend schools in low SES communities. 

Numeracy and language are essential for the development of mathematically proficient 

students (Rudd, Lambert, Satterwhite, & Zaier, 2008).

I commence by introducing myself as the researcher. I am currently a fourth grade 

mathematics teacher. My goal and desire are for my students to have a better 

understanding of mathematics by knowing more than just algorithms. Mathematics also 

involves language. Too frequently while I work with the students during whole- and 

small-group instruction, I find that many appear to comprehend the terms and algorithms 

as they often respond accurately. However, when given an individualized written 

assessment, the numerical grades had often been horrific. Some of their responses did not 

make sense with what was being asked. I began to question my instructional practices, 

resulting in revision of my formative and summative assessments and increased modeling 

of computational strategies for the basic operations of addition, subtraction, 

multiplication, and division. When that did not work, other things became obvious 

through constant reflection. Most of my presentations for teaching mathematical concepts 

dealt with step-by-step algorithms and different strategies and procedures for deriving at 

a correct answer. Contrarily, multiple observations of my students’ practices were not 

related to conceptual understandings or algorithms. Many of the students experienced 

difficulty progressing through word problems. Therefore, I realized that this was an area 

of weakness for my students as well as for me. The students had trouble working through
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the word problems for multiple reasons, and I had not been effectively modeling how to 

work through the problems.

Numerous reasons may be explored to explain the extent to which low SES 

students struggle in early childhood mathematics. Based on current research and my 

experiences, this investigation focused on the barriers that exist between low SES 

students and successful mathematical performance due to mathematics language 

difficulties. It has been suggested that “making the syntactical and rhetorical structures of 

mathematical language clear and explicit to students can increase their understanding of 

fundamental mathematical concepts” (Jamison, 2000, p. 45). This is particularly essential 

for students attending schools in low SES communities as there is often a language 

barrier that exists due to limited vocabulary (Jordan & Levine, 2009; Payne, 2005).

The use of language in mathematics differs from the language of ordinary speech. 

Jamison (2000) suggested that there are three important differences. First, it is frequently 

nontemporal. This means that there is often no past, present, or future tense in 

mathematics. Second, mathematical language may be devoid of emotional content. The 

third feature that distinguishes mathematical from ordinary language is its precision. 

Ordinary speech is full o f ambiguities, innuendoes, hidden-agendas, and unspoken- 

cultural assumptions (Jamison, 2000).

Language is essential for all forms of communication; however, there is a 

misconception that there is separation between language and mathematics. Mathematics 

is not an exception to the rules of language (Brune, 2004). In order for the mathematical 

content to be taught effectively, understanding mathematical language is necessary.
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Teachers must model communicating or talking through the process o f problem solving. 

The essence of teaching mathematics begins with understanding the language (Gray,

2004). A great percentage of mathematical assessments relate to the language (Durkin, 

1991); therefore, students who do not understand the mathematical language may not be 

as successful as their peers who do understand.

The learning and teaching of mathematics require precise language and 

necessitate accuracy in expression. While much of mathematics deals with numbers and 

operations, too often the language component is ignored (Durkin, 1991). It is essential for 

mathematics educators to have a vast knowledge of the language of mathematics in order 

to effectively teach the content. Students have to be able to effectively communicate 

mathematical knowledge and understanding. Therefore, language is vital (Gray, 2004).

Statement of the Problem 

There are students in many schools within the United States who are not meeting 

national standards in mathematics. The NAEP, the largest national representative of 

assessments, reports data every two years that compare the scores of students in all states 

in the United States. According to the 2011 NAEP report card, Georgia ranked fortieth 

for mathematics performance among the fifty states.

Nationally, at the elementary level, Blacks represent 40% of students attending 

high-poverty schools, while 42% are Hispanic, 28% are American Indian/Alaska Native, 

15% are Asian/Pacific Islander, and 5% are White, (NCES, 2010). Black students 

struggle in mathematics at a level that appears to be exceedingly significant compared to 

that of White students. The NCES (2013) reports in Condition o f Education: “White 4th-



graders scored higher on average than Black and Hispanic 4th-graders on all assessments 

since 1990” (p. 50). Students attending high-poverty schools struggle in mathematics at 

the elementary, middle, and high school levels.

Title 1 schools are those that participate in programs aimed at improving 

education for the most disadvantaged students in the United States. These programs 

enable participating schools to receive financial resources that would not otherwise be 

available. The intent is to advance the teaching and learning of children in high-poverty 

schools to enable the students to meet challenging state academic, content, and 

performance standards (USDOE, 2004). Non-Title I schools are those that do not receive 

these funding and additional resources (USDOE, 2004). Percentages from the math 

portion of the Criterion-Referenced Competency Test (CRCT), a state-mandated test that 

determines if students have mastered grade-level standards, are presented in Table 2. 

Data indicate that if Non-Title I schools are used as the baseline, the gap between Title I 

and Non-Title I schools for 2009, 2010, and 2011 is 25, 28, and 32 percent respectively.

Table 2

CRCT Mathematics Performance Gaps o f Georgia 4th Grade Students (GaDOE, 2013) 

Title I Schools Non-Title I Schools

Testing
Year

Does
Not

Meet
Meets Exceeds

Does
Not

Meet
Meets Exceeds

Gap Comparison 
for Does Not 

Meet

2011 35 49 16 10 47 43 25

2010 46 43 11 18 44 38 28

2009 49 43 8 17 47 36 32
Note: Criterion-Referenced Competency Test (C'KCT) math scores are reported in percentages.
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There is evidence collected and data disaggregated from various assessments, 

such as the CRCT, that illustrates that many students attending schools in low SES 

communities struggle in mathematics. In addition to this quantitative data, additional 

research is needed to determine students’ level o f understanding of the language of 

mathematics for this particular population. Disaggregated data based on various concepts 

help to specify that a student struggles in the various mathematical domains, such as 

Numbers and Operations. This enables educators to determine strengths and weaknesses 

of individuals as well as entire classes (GaDOE, 2011). The data may be analyzed further 

by isolating elements such as place value or multiplication. However, there is one area 

that often gets overlooked: the contextual understanding of the mathematical language. 

Although data retrieved from assessments is a valuable source, the quantitative nature of 

the method prevents understanding the entire picture.

Purpose of the Study 

Many of the challenges teachers face in multicultural, as well as in low SES, 

communities relate to language. In the mathematics classrooms, problem solving is the 

context in which these obstacles become more apparent (White, 2005). Because language 

is such an integral component of mathematics that is often ignored and builds with rigor 

over time, there is a need for greater focus on language during the early development of 

students, especially in mathematics instruction. If students do not master skills and 

develop an understanding of mathematical language in the primary and early childhood 

years, they continually play catch-up each year; thus, creating an academic performance 

gap that continues to broaden as they progress through the years (Clements & Sarama,



2011). Students who experience difficulty during the early childhood years only become 

increasingly frustrated throughout the ensuing years as the material becomes more 

complex, rigorous, and abstract. Early intervention is essential to their success in the 

latter grades (Clements & Sarama, 2011).

Multiple reforms in mathematics curriculum and increased interventions with 

English Language Learners (ELL) have attempted to address the achievement gap 

existing between high-poverty students and their more affluent peers. However, very 

little improvement has been noted in mathematics achievement (Maerten-Rivera, Myers, 

Lee & Penfield, 2010). Typically, mathematics interventions emphasize building fact 

fluency and automaticity and fail to spotlight language. The academic needs of 

underachieving students and their lack of comprehension skills indicate a need for a 

method that highlights the language o f mathematics. Newman’s Error Analysis (NEA), 

developed by Anne Newman in 1977, enables teachers to uncover five explicit and 

sequentially classified errors students make while completing word problems.

In 1970, Australian educator Anne Newman found that nearly half o f the errors 

students made during problem solving were due to language related issues (Clements, 

1980; Watson, 1980; White, 2005). She defined five specific reading skills that are 

crucial to performance that relate to mathematical word problems: reading, 

comprehension, transformation, process skills, and encoding (White, 2005). This method, 

known as Newman’s Error Analysis (NEA), allowed teachers to identify student errors 

that occur prior to the application of standard mathematical algorithms; thus, it allowed 

teachers to devise more appropriate teaching strategies (Watson, 1980; White, 2005).
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As Newman’s study was conducted nearly one half century ago, remarkably not 

much has changed since then. Disparities among races and socioeconomics continue to 

exist. Gaps between White and Black students appeared to narrow in the 1970s and 

1980s; however, the gaps are again on the rise (Lubienski, 2002; Secada, 1992). It was 

also noted that while there are gaps that exist in SES differences, they do not necessarily 

explain the gaps (Secada, 1992). Therefore, there is a need to explore instructional 

practices that could possibly impact students’ understanding of the language of 

mathematics.

Various forms o f assessments, such as criterion or norm-referenced tests, are used 

to gather information about students. Data from these assessments are disaggregated to 

report findings about the various performance levels of diverse students. This information 

is then analyzed to make inferences, assumptions, comparisons, and possibly predictions 

about students and the communities in which they live. This quantitative data provides 

statistical results of how students compare among their peers. However, additional 

qualitative evidence is needed to provide an in-depth description or analysis of how or 

why low SES students struggle in mathematics, particularly with the language.

In an effort to analyze the errors students made when completing word problems, 

the NEA was utilized for this study. The purpose of this exploratory case study was to 

explore the method of the diagnostic tool known as NEA and provide evidence of the 

need for mathematical language development at the early childhood level in mathematics. 

The intent was to understand possible factors that contribute to the types of mathematical
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errors made in word problems completed by fourth graders who attend a school in a low 

SES community.

Research Questions

Newman’s Error Analysis (NEA), a method for discovering the types of errors 

that students make while completing word problems (Newman, 1977), was used as a 

framework for this study. In an effort to determine the language needs of the students, the 

following questions were the foci for this study:

1. How do fourth graders who attend a school in a low SES community 

understand the language of mathematics?

2. What factors contribute to the types of mathematical errors made in word 

problems completed by fourth graders who attend a school in a low SES 

community?

To determine the difficulties experienced and identify mistakes made on word 

problems, errors were coded on the following reading skills as recommended by Newman 

(White, 2005): Reading Errors (R), Comprehension Errors (C), Transformation Errors 

(T), Process Skills Errors (P), and Encoding Errors (E). The following sequential 

interview prompts were used to address the second research question to clearly define the 

possible factors that contributed to the errors:

1. Please read the question to me. If you don’t know a word, tell me (Reading— 

R).

2. Tell me what the question is asking you to do (Comprehension—C).

3. Tell me how you are going to find the answer (Transformation—T).



4. Show me what you are going to do to get the answer (Process Skills—P).

5. Now write down your answer to the question (Encoding—E).

Rationale

This research was motivated by my personal experiences as a teacher in a Title I 

elementary school with predominantly low SES students who struggle with the language 

of mathematics. The rationale for this study derives from several aspects. First, I 

considered the trends in mathematics education for the students I serve and the 

educational research that led to the emphasis of the role of mathematical language. Since 

my first year of teaching, I have heard some profound statements coming from students. I 

have taught grades second, third, and fourth. These are children who range between the 

ages o f six and eleven. Students in schools in which I taught have been predominantly 

Black. I have witnessed students struggle from the beginning to the end of their early 

childhood years. The students have faced academic challenges in all areas, but the 

difficulties have been more apparent in the content areas of reading and mathematics. My 

experiences led me to conclude that understanding mathematical language is necessary 

for the students to become mathematically-proficient students.

Secondly, my personal passion for the content and its pedagogical constructs led 

to an exploratory qualitative case study that is the basis for this research. Of the 

struggling learners I have taught, most of them performed below grade level. An 

investigation in which I diagnosed mathematical errors enabled close observation of the 

phenomenon as it related to their understanding of the language of mathematics.
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Significance of the Study 

The significance of this study lies in its ability to provide a better understanding 

of why mathematical errors were occurring and thus inform the choice o f supplemental 

strategies for improving mathematics performance for all struggling learners, especially 

those in low SES communities. In addition, it was important to conduct an investigation 

in a low SES school in which the performance gap appeared to be much wider than in 

those that do not receive the Title I governmental supplement.

The community o f focus for the study serves predominantly low SES students in 

Title I elementary schools in the southeastern part of the United States. This study aided 

in understanding an in-depth definition and description of mathematical language. This 

knowledge derived from the ability to explore the factors that contributed to the types of 

errors students made when completing word problems.

Definition o f Key Terms 

Below is a list of terms that are defined for the purposes of understanding the 

context in which they are used in this study. Terms are specifically defined for accuracy 

and precision.

Accuracy Level refers to the student’s ability to read at a level o f 94% or greater.

If the student scores below 94%, then he or she is missing a substantial amount of words 

and will therefore struggle with comprehension because the reading is interpreted with 

words that are unfamiliar or unknown (Beaver & Carter 2006).

Algorithm is a series of steps that guarantee a correct solution to a mathematical 

problem (Ormrod, 2008).
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Automaticity means having the ability to complete task without much effort of 

thought. In this study, it refers to the ability to recognize and comprehend written words 

and recall basic math facts reflexively (Martinez, 2010).

Comprehension is a component of language which describes a student’s ability to 

retell the text to include the main idea, key facts, and characteristics or topics (Beaver & 

Carter, 2006).

Comprehension Errors (C) is the second phase of NEA. When there is an error 

classified as comprehension, the pupil has the ability to read all the words in a problem 

solving task but was not able to understand the overall meaning of the words (White, 

2005).

Constructivism is constructing meaning through personal beliefs and 

understandings from one’s own experiences (Ormrod, 2008).

Criterion-referenced assessment assesses student performances other than people 

and the extent to which students achieve the intended learning objectives and 

performance outcomes of a subject. Therefore, student performance is compared to a 

predetermined set of criteria (Connoley, 2004).

Curriculum is an authoritative declaration of what students are expected to know 

and be able to do (Levin, 2008).

Decoding refers to recognizing words by applying rules based on the alphabetic 

principles of the English language (Farrall, 2012).

Developmental Reading Assessment (DRA) is an assessment designed for the 

purposes of assisting teachers with measuring how well students read literature,
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monitoring their reading growth and development, and providing teachers with data that 

can be used to tailor instruction (Beaver & Carter, 2006).

Encoding is a language component in which the reader changes the format of new 

information as it is being stored in memory (Ormrod, 2008).

Encoding Errors (E) is the fifth and final phase of NEA. It refers to the student’s 

ability to accurately derive the solution to the problem solving task and inability to 

express this solution in an acceptable written form (White, 2005).

Errors refer to insufficient mastery of knowledge that generates creativity and 

imagination when embarking upon a new situation; the result reveals inadequate 

knowledge of the material being presented (Legutko, 2008).

Fluency refers to a student’s oral reading behaviors as they relate to the student’s 

intonation, problem solving strategies, and teacher’s analysis of miscues (Beaver & 

Carter, 2006). This reading flows with no interruption in the text and is both accurate and 

automatic (Farrall, 2012).

Free or reduced-price lunch (FRPL) is defined by the National Center for 

Education Statistics (NCES, 2010) as

... the percentage of students eligible for free or reduced-price lunch (FRPL) 

under the National School Lunch Program provides a proxy measure for the 

concentration of low-income students within a school. Children from families at 

or below 130 percent of the poverty level are eligible for free meals. Those from 

families with incomes that are above 130 and up to 185 percent of the poverty
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level are eligible for reduced-price meals. In this indicator, public schools

(traditional and charter) are divided into categories by FRPL eligibility (p. 1).

High-Poverty refers to schools consisting of 76-100 % of students eligible for

FRPL. (NCES, 2010)

Insertion is a behavior that took place when the participant orally read a word that 

did not appear in the written word problem. This behavior was identified by the 

researcher writing a ‘A’ symbol between the two words in which the participant included 

a word that did not appear in the word problem (Beaver & Carter, 2006).

Instruction is characterized as the methods of teaching: how curriculum is taught, 

presented, implemented, and acted out (Oliva, 2009).

Language, for the purposes of this study, refers to mathematical language, not 

language as in ordinary speech. This is a metaphorical term that refers to a genre 

constituted by the joining of English words, terms, and symbols that enable the process of 

communication to take place in mathematics classrooms (Gray, 2004).

Low-Poverty refers to schools consisting of 0-25% percent o f students eligible for 

FRPL (NCES, 2010).

Mathematical Error “... is made by a person (student, teacher) who in a given 

moment considers as true an untrue mathematical sentence or considers an untrue 

sentence as mathematically true” (Legutko, 2008, p. 141).

Mathematical Language is “a metaphorical term referring to a genre constituted 

by the union of a subset of English and a set of symbolic forms that enable the 

communication process in English speaking mathematics classrooms” (Gray, 2004, p.
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context in which the terms are being used as they appear in instructions, symbols, signs, 

and word problems (Jamison, 2000; Latu, 2005; Varughese, 2009).

Miscue Analysis is a process by which a child’s oral reading ability is assessed to 

determine the appropriate strategies needed to increase fluency and accuracy. Miscues or 

errors are analyzed in order to assess a child’s ability to make meaning from text (Farrall, 

2012).

National Assessment o f Educational Progress (NAEP) is the largest national 

representative of assessments that report data every two years to compare states across 

the United States (NAEP, 2014).

Newman’s Error Analysis (NEA) is a diagnostic tool used to determine more 

specifically when and where students make mistakes when they are completing word 

problems. This tool is a classroom strategy in which the researcher asks students a series 

of five prompts in a semi-structured interview format. These prompts are a hierarchy in 

which success at one stage can determine their level of accuracy at the latter (White,

2005).

Omission means leaving out or skipping a word, while orally reading, that was 

written in the word problem. This behavior is identified by the researcher circling the 

word when the participant skips reading it orally (Beaver & Carter, 2006).

Process Skills are a component of language in which the learner has the ability to 

accurately use strategies, procedures, and perform algorithms (White, 2005).



Process Skills Errors (P) is the fourth phase of NEA. The student is able to 

identify an appropriate operation or sequence of operations but is unable to accurately 

perform the operation or use the strategy (White, 2005).

Reading is the ability to recall words, symbols, digits, numerals, and 

mathematical vocabulary with fluency and accuracy (Adams, 2003; Afflerbach, Pearson, 

& Paris, 2008; Moore, Moore, & Swafford, 1991).

Reading Behaviors are the mistakes that the participants make while reading the 

word problems that affect their ability to accurately read the word problems. These 

behaviors are labeled as substitutions, omissions, insertions, reversals, sounding out, and 

teacher told (Beaver & Carter, 2006).

Reading Error (R) is the first phase of NEA. A reading error occurs if the 

participant is incapable of reading a key word or symbol that appears in the written word 

problem (White, 2005). The participants have a reading error for a word problem if the 

amount of reading behaviors identified causes the participant to receive an accuracy level 

below 94%.

Reversal refers to reversing the order in which the words appear in the problem.

This behavior is identified by the researcher drawing a symbol such as, ’ around

the words that are transposed (Beaver & Carter, 2006).

Sounding Out is the behavior that occurs when the participant mispronounces the 

word written in the word problem. This is identified by writing ‘SO’ above the word that 

the participant mispronounces (Beaver & Carter, 2006).



Substitution is the replacement of a written word in the problem for another word 

that was not present. This behavior is identified by the writing the word that the 

participant reads orally above the written word that actually appears in the word the 

problem (Beaver & Carter, 2006).

Trends in International Mathematics and Science Study is:

... the largest, most comprehensive, and most rigorous international study ever 

conducted. It consists of students from 41 nations who were tested in 30 different 

languages at three different educational levels -  4th, 8th, and 12th -  to compare 

their mathematics and science performance. (Trends in International Mathematics 

and Science Study, 2010, p. 3)

Teacher Told is the behavior that takes place when the researcher pronounces or 

tells the participant, at the participant’s request, how to say the word. This is identified by 

writing the letter ‘T’ above the word that has to be told to the participant (Beaver & 

Carter, 2006).

Title I  refers to the resources allocated through special funding to assist school 

systems with meeting the needs of educationally and economically disadvantaged 

children. Its origins are in the Elementary and Secondary School Act of 1965, which was 

launched by President Lyndon B. Johnson as a component to end the “War on Poverty” 

(USDOE, 2004).

Title I  Schools are schools that are eligible to receive supplemental federal funds 

to assist in meeting the educational needs of at-risk students (USDOE, 2004).
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Transformation occurs when a student can reason about change and its affects 

(Ormrod, 2008).

Transformation Errors (T) is the third phase of Newman’s Error Analysis. The 

student cannot identify an appropriate operation or strategy needed to solve the task 

(White, 2005).

Word Problems are mathematical problems presented in words or text (Math is 

Essential, n.d.).

Summary

Overall, many students are not meeting academic expectations in mathematics. 

Multiple interventions target building fact fluency to improve the learning of 

mathematics; however, there is more to mathematics than the rote memorization and 

proper use of traditional algorithms. Much of how mathematics content is presented 

today, especially on high-stakes assessments, is through problem solving that requires 

students to not only accurately apply the algorithms but to recognize the appropriate 

operations through oral reading and comprehension of word problems. If students 

perform at low reading comprehension levels, appropriate use of an algorithm is 

irrelevant if they have no understanding of what the word problem is requesting.

Many of the students who live in low SES communities struggle in mathematics. 

They are often reported to have low language skills due to a lack of understanding of 

vocabulary and limited use of complete sentences (Payne, 2005). Language is the key to 

communication, and mathematical language is no exception. Problem solving focuses on 

mathematical language (Gray, 2004; Norford, 2012). There is a need for a teaching
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strategy that will identify the need and aid in the cognitive development of 

mathematically proficient students, especially for those in low SES communities.

The goal of the study was to determine the extent o f the participants’ abilities to 

understand the mathematical language of word problems and the ways in which 

participants communicate their mathematical thinking and reasoning as they find 

solutions. This study mirrored the originating study using NEA (Newman, 1977). In this 

exploratory qualitative case study, data was collected through a fifteen word problem 

written assessment and semi-structured interviews. Similar to the originating study in 

Australia, this error analysis was used to determine the errors students made while 

completing word problems. This approach was based on the use of individualized, semi

structured interviews that determined the types of errors, categorized based on the 

hierarchical and systematic approach, the participants made while completing word 

problems. Qualitative data was primarily collected from participants’ responses through 

one-on-one semi-structured interviews. The triangulation of data collection sources and 

methods facilitated dependability, a criterion of trustworthiness of the data. The analysis 

of the data entailed a process of detailed coding and used thick and descriptive reports of 

the observations, which facilitated the emergence of patterns and themes. The purpose of 

using this method was to discover how fourth graders who attend a school in a low SES 

community understand the language of mathematics and to explore the factors that 

contribute the mathematics errors students made when completing word problems.

The following chapter, Chapter 2, presents a review of literature that is relevant to 

this study. Chapter 3 describes how the study was conducted based on its methodology.



As it has been determined that there is a need to understand the mathematical language 

capabilities of the students, this chapter presents the data collection process which 

involves using a word problem assessment, interview questions from an error analysis, 

and observations. Chapter 4 reports the findings from the method presented in Chapter 3, 

and Chapter 5 provides a discussion of the findings, as well as conclusions and 

recommendations.



CHAPTER 2 

REVIEW OF RELATED LITERATURE

“Language is a process offree creation; its laws and principles are fixed, but the 
manner in which the principles o f generation are used is free and infinitely varied. Even 
the interpretation and use o f words involves a process o f free creation. ”

Chomsky, 1970

This review o f literature presents issues that relate to students in low SES 

communities and their mathematics performance as it specifically connects with 

mathematical language. Data that is disaggregated from school, district, state, and 

national levels continue to illustrate a mathematical performance gap between students of 

high-poverty schools and those from more affluent and low-poverty schools. An 

abundance of research studies have been conducted to illustrate the reasons for the 

mathematical performance gap and much of it relates to fact fluency and skill building. 

While research exists to link mathematical language with performance, there is a need for 

an in-depth understanding of the various elements and potential barriers of mathematical 

language that exist in an effort to assist with closing the performance gap.

The organization of this chapter is structured based on several sections to 

facilitate the discussion of the review. In this chapter, attention is first drawn to literature 

that conceptualizes the theoretical framework. Second, data is provided to vividly 

illustrate the performance of low SES students as reported on national, state, and local 

levels. This section begins with the national level and funnels locally to depict the

22
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importance of this study for the sample investigated. Third, researchers have provided 

considerable evidence showing the effects of numeracy and language on mathematics 

performance and this data are presented. While language itself is a complex and 

multifaceted term, mathematical language was defined and emphasized for the purposes 

of this study. The next section of this review of the literature emphasizes the importance 

of numeracy and language in the development of low SES communities.

The participants in this study attended a school in a low SES community. Their 

unsatisfactory mathematics achievement levels were o f focus for this study, which is 

based on the premise that understanding how the language of mathematics impacts 

performance is crucial. Thus, this is followed by the research questions for the study. The 

last section describes a diagnostic tool known as NEA that was designed to measure 

when and where students make mistakes when completing word problems (Clements & 

Ellerton, 2008; White, 2005).

Theoretical Framework 

A theoretical framework may be defined as an examination of a phenomenon by 

providing a plausible explanation of the relationship among variables relative to the 

phenomenon (Creswell, 2003). Constructivism, a keynote theory in the subject matter of 

mathematics education (Shirvani, 2009; Van de Walle, 2007; Wilding-Martin, 2009), is 

the overarching theoretical framework for this research study. The study is supported 

with the ideologies of constructivism as well as social constructivism. Constructivism, 

constructivism and mathematics education, and social constructivism are discussed in the 

three sections that follow. Additionally, three perspectives that derive from a
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constructivist view are discussed. These assumptions are epistemological, ontological, 

and axiological (Lincoln & Guba, 2003).

Constructivism

Constructivism, a form o f cognitivism, is a theory of learning that is based on the 

work of Piaget, who proposed that children construct meaning through personal beliefs 

and understandings about their experiences (Omrod, 2008). As children develop and 

become more familiar with the objects of the environment in which they operate, they 

begin to construct meaning for animals, plants, people, toys, clothing, etc. Throughout 

this construction of meaning, children are learning. Learning is considered a “bottom-up” 

process that is ratified by the active learner. Constructivism is known as a holistic 

cognitive model of learning (Dimitriadis & Kamberelis, 2006). Because this is a holistic 

approach to learning, learners are actively making sense of the world in which they live. 

Knowledge is adaptive and actively constructed (Martinez, 2010).

In Piaget’s theory of constructivism, children progress through a series of 

developmental stages as they mature (Martinez, 2010). Throughout these stages, 

according to Martinez (2010), children become better and different kinds of thinkers. 

These stages are known as sensorimotor (0 to 2 years old), preoperational (2 to 7 years 

old), concrete operational (7 to 11 years old), and formal operational (11 years to 

adulthood). During the first stage, sensorimotor, children focus on behaviors and 

perceptions. They are developing their senses as the focus of their actions and sight. In 

the second stage, preoperational, children’s language skills are enhanced as they become 

more vocal and interact more socially. Next, n the concrete operational stage, children
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begin to think more logically and can make inferences about information. Lastly, in the 

formal operational stage, children can make distinction between reality and perception, 

and they are better capable of reasoning.

Constructivism and Mathematics Education

Another essential attribute o f constructivism is that there is a hidden curriculum 

that accompanies children due to the fact that they all have past experiences and 

knowledge prior to enrolling in school (Dimitriadis & Kamberelis, 2006; Martinez,

2010). It is these skills and knowledge that can be built upon to facilitate new learning 

and develop mastery of skills. Some researchers (Jordan & Levine, 2009; Payne, 2005; 

Perse, Kozina & Leban, 2011; Yoong, 2002) have posited that the home environment and 

SES have significant effects on the achievement of mathematics. This is extremely vital 

when considering the diverse cultural experiences that students bring to the mathematics 

classroom. Researchers also communicate that this is principally true for Black students, 

especially if mathematics tasks encompass cultural variety in context and learning styles 

(Jordan & Levine, 2009; Yoong, 2002).

Constructivism as a theoretical lens also enables the facilitation of teachers’ 

analyses and understandings of how students conceptualize mathematics concepts and 

problems (Gray, 2004). Therefore, mathematical problem solving should not be limited to 

the retrieval of answers, from the notion that the task is personal and lends itself as an 

obstacle towards progression and obtaining goals. Instead, observation of student actions 

and written responses permits the teacher to focus on the students’ cognitive and 

metacognitive abilities and build a model of their levels o f conceptual understandings
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(Martinez, 2010). Additionally, constructivists posit that this construction of knowledge 

allows time for reflection, enabling individual growth (Shirvani, 2009). These 

characteristics were especially relative to this study and to the teaching, learning, and 

development of numeracy and language. They were also descriptive of the students’ 

engagement in their learning as a search for meaning, as they constructed mental and 

physical models and reflected on multiple presentations of reality (Shirvani, 2009) after 

the completion o f each performance task. The activities in which the participants were 

involved in during the study were aligned with the previously discussed characteristics of 

the constructivist position relative to what a mathematics-learning environment should 

look like when students engaged in the process of learning mathematics. Mathematics 

instruction, as it reflects the viewpoints of constructivists, enables students to be active 

participants in the construction of their learning.

As stated previously, a relatively large number of students and in particular urban 

Black elementary school students are not performing at mastery levels in mathematics 

and are experiencing significant difficulty when developing numeracy and language 

skills. Researchers attribute these difficulties to a number of causes, including interactive 

classroom factors, some of which are addressed through constructivism. By the 1980s, 

mathematics researchers and educators began viewing mathematics learning from a 

constructivist perspective in an effort to focus on instruction and the experiences of the 

learner, rather than that of the teacher (Bruner, 1990; Schoenfeld, 1985; von Glasersfeld, 

1996). The constructivist perspective of how students learn has now evolved into a major 

research paradigm in the field of mathematics education (Van de Walle, 2007).



27

Constructivism has played a key role in introducing a new perspective from 

which educators could approach the dilemma regarding the substandard level of 

mathematics education and the resulting underachievement and unsatisfactory student 

performance in this area (von Glasersfeld, 1996). In discussing constructivism’s promise 

for mathematics learning in the United States, von Glasersfeld pointed to the fact that 

there was a growing awareness in the educational arena that educators need to emphasize 

their students’ conceptual development. He posited that this would provide them with a 

corresponding theory of knowledge, an epistemology, to guide their efforts as well as 

facilitate an improvement in their students’ mathematics learning and performance, and 

in general, their education.

Children learn through constructing their own meaning but are not able to do so 

when this knowledge is being transmitted by teachers (Latterell, 2005). There are often 

questions regarding moving children from concrete to abstract concepts; understanding of 

numeracy; and computation and problem solving. Whereas some may question, the 

constructivist view would simply have children learn by doing. In an effort to make sense 

of the world in which they live, the learner is actively participating (Martinez, 2010). In a 

constructivist classroom, students are actively participating and discovering on their own. 

In the context of problem solving in the classroom, students are encouraged to construct 

their own meaning and understanding through self-discovery of their own strategies for 

deriving at answers. In addition to self-construct, reflection is an important aspect of 

discovery in order for learners to make sense of their actions and applications (Latterell, 

2005).
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Contrarily, some cognitive scientists suggest that mathematical knowledge is not 

discovered or invented by children. Mathematics understanding is viewed as being 

channeled through the teachers who provide instruction (Latterell, 2005). However, while 

students are not necessarily the creators of new concepts, they are inventors in that they 

can take ownership of having understood an unlearned concept for themselves, rather 

than learning through coercion.

Similarly, sociological theorists posit that children do not learn by themselves in 

isolation; rather, they learn from others such as their teachers and peers (Latterell, 2005). 

While this is believed to be a partially true assertion, it is possible for children to learn 

while working alone. This type o f learning is called discovery learning. An example of 

discovery learning is the recognition of patterns, for it does not have to be in the presence 

of others or explicitly taught. Also, it can be extended to understanding after a particular 

event takes place (Martinez, 2010).

The classroom activities that are characteristic of constructivist learning 

environment were aligned with those used in this study to provide the participants with 

opportunities to develop their numeracy and language skills. In addition, the study’s 

activities and approaches reflected the social constructivist perspective on knowledge 

acquisition.

Social Constructivism

Social constructivists advocate that learning is a collaborative process by which 

learners are integrated into a knowledge community, and they recognize that, though the 

individual constructs knowledge, knowledge is also concurrently socially constructed.
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These individual and social processes are also interactive, with the result that groups act 

to construct knowledge and to resolve differences in the meanings held by individual 

group members (Ellerton & Clements, 1996; von Glasersfeld, 1996; Vygotsky, 1978). 

Further, social constructivists imply that social interaction is crucial to the process of 

constructing knowledge, which resides with whichever group holds more power at any 

given time (Ellerton & Clements, 1996). Learners, therefore, construct novel 

understandings as they attempt to accomplish goals, which are rooted in both their prior 

understanding and in socially organized activities (Ellerton & Clements, 1996; von 

Glasersfeld, 1996).

Most social constructivists have been influenced by the philosophy of Vygotsky 

(1978), a social constructivist who believed that cognitive functions originate within and 

are products of social interactions. Therefore, learning is naturally collaborative and must 

be described as products of these interactions. In addition, Vygotsky believed that 

learning and development occurs as a result of social and psychological aspects 

(Dimitriadis & Kamberelis, 2006), so that every function in a child’s cultural 

development (e.g., the formation of concepts, logical memory, and voluntary attention) 

emerges on the social level first (interpsychological) and then from within the child 

(intrapsychological). This means that children learn as they interact with others and 

themselves.

With regard to education, Vygotsky (1978) referred to learning as a shift in 

growth and behavior and posited that the purpose of education was to develop the 

personalities of the students, and that this rested upon the discovery and expression of
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their creative potential. Also, all higher functions originate from relationships between 

individuals (Vygotsky, 1978). Therefore, methods of teaching and learning should (a) 

relate to the development of students as individuals and as members of a group in which 

they actively participate and (b) facilitate communication and collaboration between 

teachers and students and between the students themselves. Through a more social 

constructivist approach as described by Vygotsky and his Zone of Proximal 

Development, the teacher and possibly other students function as support to provide 

assistance through social interaction (Latterell, 2005). In addition, teachers, without force 

and without imposing their ideas on the students, assume the role of guide and director of 

the activities in which individual students are engaged.

Constructivism is used to conceptualize and define how the child learns through 

his or her environment. Vygotsky (1978) described learning to be an ongoing process as 

children develop within their environments. Development happens not in a circular form 

but rather a spiral as events pass through the same point allowing advancement to higher 

levels. The communities where children live and the surroundings in which they interact 

have the greatest impact on the development of children, including their language, 

memory, and abstract thinking (Dimitriadis & Kamberelis. 2006).

In summary, constructivism provides a theoretical basis that is consistent with the 

genres of learning experiences that should take place in the classroom and described in 

the standards of NCTM (2000). Although constructivism does not prescribe explicit 

instructional strategies regarding the teaching of mathematics or mathematics education, 

the constructivist perspective of learning can nevertheless benefit both students and
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mathematics educators (Gray, 2004; Norford, 2012). Therefore, using the constructivist 

paradigm, and in particular social constructivism, as a basis for the design and 

instructional perspective of this study benefitted the participants through learning 

activities that reflected the constructivist position on how students learn. The ontological, 

epistemological, and methodological perspectives facilitated making sense of the data 

obtained as a result of the participants’ active participation in the learning environment as 

they constructed knowledge.

The epistemological assumption refers to knowledge foundation (Creswell & 

Plano Clark, 2007; Lincoln & Guba, 2003; Martinez, 2010; Ormrod, 2008). This is a 

quest for the source of knowledge and truth (Kessler, 2004). According to Overbaugh 

(2004), “Constructivism is an epistemology of learning fixed on the basis that reflection 

on experiences, while constructing our own understanding of the world, allows learners 

to formulate a more concrete meaning of subject matter” (p. 1). Therefore, it is through 

construction and exploration that learners know what they know. The epistemological 

perspective connected with this study is that knowledge is obtained as the learner has the 

ability to reflect on or make connections with past experiences. However, language is a 

key component to this equation; when there is a lack of understanding, assistance can be 

provided through scaffolding (Vygotsky, 1978). When language is difficult for students 

to understand, this knowledge acquisition becomes weakened.

Ontology and epistemology are also branches of philosophy that complement 

each other. For example, learners question truth and what is real (ontology) and then 

question how they know (epistemology) (Martinez, 2010). Ontology and epistemology
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have direct connections with education because one purpose of education is to show what 

is not apparent. Thus, the importance of these two philosophies, yet assumptions, for the 

purpose of this study was for the data to illustrate beyond what was not obvious or 

apparent from state and national assessments to a better understanding of truths as they 

related to linking mathematical language and performance (Martinez, 2010).

The final assumption of this study was axiological, which enabled the researcher 

to distinguish between values or beauty (Creswell & Plano Clark, 2007; Lincoln & Guba, 

2003). This biased perspective is one in which the researcher actively discusses 

interpretations of participant behaviors based on the values and beauty the researcher 

brings to the study (Creswell & Plano Clark, 2007). In this study, the researcher’s role 

and goal was to promote awareness of the importance and merit of mathematical 

language and the various elements of its language that could promote knowledge 

acquisition in the mathematics classrooms.

Low SES Students’ Mathematics Performance 

Mathematics Performance

Mathematics performance is measured in a variety of ways. Measures often 

include grades and standardized test scores (Koller, Baumert, & Schnabel, 2001). 

Difficulties in public schools continue to be a widespread dilemma among students in the 

United States (Jordan & Levine, 2009). According to Stanic and Kilpatrick (1992), the 

need for numerous reforms derived from national and global concerns regarding 

unsatisfactory results from performance assessments. These concerns date back as far as 

the Soviet Union’s launching of Sputnik in 1957 (Burris, 2011; Latterell, 2005). Later in
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the 1960s and 1970s, mathematics shifted to a reform known as “New Math”, which 

focused on proofs and abstract math. It appeared that this created more confusion.

Inadequate student achievement on state assessments prompted states to continue 

to modify, reform, and adopt curriculum. For many years, local districts attempted to do 

the same, in addition to observing and altering instructional practices. Figure 1 illustrates 

the numerous mathematics reforms enacted in the United States in an attempt to achieve 

success in mathematics education.

Mathematics Progressive Fads Problem
for Education: Solving;
Mathematic' n a tu re  of No basic  facts
Sake: th e  child; o r drilling; Time
M ath  is verY discovery sp en t solving
form al learning w ord  p rob lem s

Prior to  1800 1800s 1880- 1920- 1950- 1971- 1975- 1979- 1989 to
1920 1950 1971 1975 1979 1989 present

A A A A
The First Practical New Math: Back to the Math Wars &
Schools: Needs for Symbolism; Basics: NCTM:

A rithm etic Society: Formalism; Basic Constructivism ;
only as n e e d e d Technical & M athem atics techno logy  u se
in d irec t Formal R ote Learning
practical Language;
applications Set Theory

Figure 1. Timeline of U. S. Math Reforms. Adapted from Math Wars (p. 31), by C. M. 
Latterell, Westport, CT: Praeger. Copyright 2005 by the British Library of Congress. 
Adapted with permission.

Why so many reforms? Some mathematicians argue that the reforms do not tell a 

story of a constant struggle to find a mathematics curriculum that is best suited for the 

academic needs of students (Latterell, 2005; Stanic & Kilpatrick, 1992), but rather a



34

narrative of a developing preoccupied community that has an inadequate and unprepared 

agenda (Stanic & Kilpatrick, 1992). While mathematical reforms were made, the United 

States continued to perform substantially lower than other countries, as reported from the 

NAEP (2011) assessment administered to fourth, eighth, and twelfth grade students in the 

United States. In an effort to assist the United States with increasing student academic 

performance, data results from the Trends in International Mathematics and Science 

Study (TIMSS) were analyzed (Perse, Kozina, & Leban, 2011). Despite these efforts, 

there have not been considerable improvements. There are many schools within the 

United States that are not meeting national standards in mathematics.

These inadequacies, along with inconsistent comparisons among data from all 

government levels, have led to a national curriculum reform. Realizing the need for 

mathematics improvement, the NCTM (2000) requested reform for new curriculum and 

instructional methods for public schools in the United States to improve student 

performance. This reform would change mathematics instruction from basic skills to 

higher-order thinking, thus changing the ways that children think about and learn 

mathematics (Latterell, 2005; Stanic & Kilpatrick, 1992).

Mathematics Performance Gap

As there are continuous efforts made by educational organizations via curriculum 

reform, small improvements have been made when comparing students within the United 

States. The academic gains have even smaller measures when comparing subgroups as 

disaggregated by SES (NAEP, 2011). Low-income disadvantaged children in the United 

States seem to perform substantially lower than their peers from higher-income
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households (Jordan & Levine, 2009; NAEP, 2011). For example, in the NCES 

publication titled The Condition o f Education (2006), the following data was reported as 

it related to poverty and student mathematics achievement:

In 2005, the average score on the 4th-grade mathematics assessment decreased as 

the percentage of students in the school who were eligible for the school lunch 

program increased. For example, students in high-poverty public schools (those 

with more than 75 percent of students eligible for the school lunch program) had 

an average score of 221, compared with an average score of 255 for students in 

the lowest poverty public schools (those with 10 percent or less of students 

eligible, (p. 2)

This data can be used to compare all students across district, state, and national 

levels. Data are also disaggregated to compare students among race, gender, 

socioeconomic level, and geographic locations. Trends in International Mathematics and 

Science Study (TIMMS, 2010) reported that smaller percentages of minority groups, such 

as Blacks, Hispanics, and American Indians, perform with proficiency in various 

cognitive skills and numbers and shapes. Although this data provides educators and other 

stakeholders with an abundance of information about children, it is deficient. There are a 

host of variables, which contribute to results derived from test scores; however, many of 

extraneous variables have a great impact on achievement levels.

In an effort to assess the knowledge and skills mastered at each grade level, the 

district in this study utilizes a criterion-referenced assessment in which individual 

student’s academic abilities are assessed based on a predetermined set o f criteria as set by
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the state’s curricula. Georgia’s summative criterion assessment is known as the Criterion- 

Referenced Competency Test (CRCT) and is given every year in the spring, typically 

during the month of April. The content areas in which the students are assessed include: 

reading, English language arts, mathematics, science, and social studies. Each subject is 

comprised o f different domains in which the assessments’ questions address. The CRCT 

mathematics domains consist of number and operations, measurement, geometry, 

algebra, and data analysis and probability. Data reported in the state of Georgia’s report 

card is illustrated in Table 3.

Table 3

Georgia 4th Grade Student Performance Gaps fo r  Meeting/Exceeding CRCT 

Mathematics Performance Standards (GaDOE, 2011)

Year Economically Non-Economically Performance Gap
Disadvantaged Disadvantaged

2011 74% 92% 18
2010 68% 89% 21
2009 64% 87% 23

The differences between economically and non-economically disadvantaged students for 

these years were approximately 20 percentage points each year (GaDOE, 2011).

While national and state mathematics performance levels are low when 

comparing low SES students to their more affluent peers, this gap appears to be wider 

when making the comparisons locally. This low SES group was the population of interest 

for this study. Table 4 illustrates the CRCT data for the population under investigation.
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Table 4

School’s 4th Grade Student Performance Gaps fo r  Meeting/Exceeding CRCT 

Mathematics Standards

Year Economically Non-Economically Performance Gap
Disadvantaged Disadvantaged

2011 65% 90% 25
2010 54% 82% 28
2009 51% 83% 32

The gap between these two groups continues to be approximately 25 percentage points. 

The economically disadvantaged students within this district continue to lag behind their 

non-economically disadvantaged peers. The results from this state’s assessments provide 

evidence of a performance gap. There is a need for an in-depth understanding of what 

causes this gap to exist and the types o f strategies that can be implemented to assist in 

minimizing the differences among these groups.

Jordan and Levin investigated students’ performance and growth in kindergarten 

number competence in relation to mathematics performance through third grade. They 

found that low-income children (i.e., children who live in urban, low-income 

communities and qualify for their school’s reduced-lunch program) enter kindergarten 

well behind their middle-income peers on tasks assessing number competence, which 

included knowledge of counting, numerical relationships (e.g., recognizing which of two 

numbers is smaller), and numerical operations (e.g., adding and subtracting with small 

numbers (Jordan & Levine, 2009). Virtually all children bring foundational knowledge of 

mathematics to school. However, income status associated with early home and
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preschool experiences and students’ general cognitive capacity heavily influence the level 

of this knowledge. Additionally, low-income children are four times more likely than 

their middle-income peers to start school at a low level and show flat growth between 

kindergarten and first grade in key areas o f number sense (Jordan & Levin, 2009; 

Lubienski, 2007).

Language and its Effect on Mathematics Performance 

Language is essential for all forms of communication (Gray, 2004; Jamison,

2000); yet, there is minimal research on the proficiency o f language and its effects on the 

trends in mathematics achievement (Gray, 2004). Additionally, there is a misconception 

that language and mathematics lack coherence. Mathematical language is not an 

exception to the rule of language (Brune, 2004). In order for the mathematical content to 

be taught effectively, mathematical language is essential. The essence of teaching 

mathematics begins with understanding the language. Therefore, teachers must model 

communicating or talking through the process of problem solving. Furthermore, teachers 

must possess confidence in this endeavor in order to facilitate development of students’ 

mathematical language proficiency.

One investigation conducted by Gray (2004) focused on developing an instrument 

that would assess teachers’ confidence on teaching the language of mathematics. 

Literature in this study was related to how the language of mathematics is taught in the 

classroom and its importance on student mathematics performance. The researcher did 

not find an agreement on the definition of the language of mathematics, but rather 

developed one that was functional for the purposes of the study. Gray (2004) also
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determined that there was consistency among the research that suggested a need for the 

learning of the language of mathematics. Gray asserted that increasing teacher self- 

efficacy in teaching the language of mathematics subsequently increased students’ 

success in mathematics. Even though Gray (2004) focused on developing a functional 

definition for the term mathematical language and an instrument to determine teacher 

self-efficacy on teaching the language of mathematics, the term remains broad. A more 

specific definition is needed to determine individual needs for understanding students’ 

comprehension o f the language of mathematics.

One myth about mathematics and language is that mathematics must be taught in 

the leaner’s home language, native tongue, or dialect (Gowers, Green-Barrow, and 

Leader, 2008). This is an assumption that the use of the learners’ home languages or 

dialects for teaching and learning exclude, or is in opposition to, English and that the use 

of English must exclude the learners’ home languages or dialects. According to Gowers, 

Green-Barrow, and Leader (2008), elements of mathematical language are similar to 

learning a language as one’s ability to understand is largely enhanced through an 

understanding of the grammar. Up to a certain point in communication, one can 

understand mathematics. However, as its structure becomes more complicated with more 

advanced mathematics, it is easier to understand if one can comprehend mathematical 

grammar (Gowers et al., 2008). Learning mathematics is similar to learning a language in 

that it is imperative that students learn new terminology and symbols, various ways in 

which the mathematical terms are used in context, and how to mathematically 

communicate (Gowers et al., 2008; Phakeng & Moschkovich, 2013). While mathematics
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is comprised of many patterns, formulas, symbols, and expressions, it is a language 

within itself, and students cannot become fluent without the ability to decode, 

communicate, and contend with vocabulary of precise meanings. The ability to 

communicate mathematically provides students with the ability to reason and problem 

solve, which are lifelong skills needed to be productive in society (Chard, Baker, Clark, 

Jungjohan, Davis, & Smolkowski, 2008). Students who are not able to master 

foundational skills in mathematics are hindered throughout their academic experiences in 

elementary through secondary schools. This lack also dissuades struggling students from 

attending post-secondary schools thus, inhibiting their marketability for jobs in more 

lucrative careers.

Mathematical language development includes skills and knowledge that provide a 

foundation for more complex number concepts (Griffin, 2004). Language appears to be 

an area of difficulty for many students and teachers in the area of mathematics due to its 

unnaturalness and lack of culture (Gray, 2004). The learning and teaching of mathematics 

require precise language (Gowers et al., 2008; Jamison, 2000) and necessitate accuracy in 

expression. While much of mathematics deals with numbers and operations, too often the 

language component is ignored (Durkin, 1991). It is essential for mathematics educators 

to have a vast knowledge of the language of mathematics in order to effectively teach the 

content. It is also necessary for students to be able to effectively communicate 

mathematical knowledge and express mastery level o f understanding. In doing so, 

language is vital (Gray, 2004).



Language is the key component to communication as it is the heart of its existence 

(Gray, 2004). While language can be viewed in terms of the language we speak daily for 

communication, for the purposes of this study, it is examined similarly to that of the 

Swiss linguist, Saussure. His perception of language was a study of signs that are 

structured within a system operating at a particular time and place (Dimitriadis & 

Kamberelis, 2006). Saussure asserted that language could be understood only in the terms 

of the relationships that exist within a particular system. Therefore, in order for 

mathematical language to be understood, one must be competent to sufficiently and 

successfully participate in a mathematical context (Moschkovich, 2012).

Another linguist, Noam Chomsky, posited that language is beyond words that are 

spoken. He avoided providing it with a definition, as he insisted that language is an 

undefined term (Gray, 2004). It demands the speaker of the language to learn the rules, 

such as grammar and syntax, of the specific language. When comprehension exists, 

speakers can easily transform statements into questions and questions into statements. 

Chomsky also asserted that language enables humans to understand logic and depth of 

the knowledge that exist within the structure of the language (Martinez, 2010).

There are often language barriers that can hinder the effectiveness of 

communication. These barriers exist in the form of foreignness and limited vocabulary 

(Heath & Street, 2008; Gray, 2004; Payne, 2005). Foreignness does not always exist in 

the form of a language spoken in another country; this is merely language that is 

unfamiliar to a person due to its contextual understanding. According to Ormrod (2008), 

learning a language becomes easier for children if the people with whom they have
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frequent contact converse in it regularly. The richer the vocabulary they hear, the broader 

their word choice, thus providing them with a greater variety of words. Additional 

language barriers exist due to an absence of the following skills: reading, comprehension, 

transformation, process skills, and encoding.

These barriers not only impact competence in speaking, reading, and writing 

language, they also influence acquisition and use of mathematical language. In this study, 

being competent in mathematical language requires the ability to understand the context 

in which the terms are being used as they appear in instructions, symbols, signs, and word 

problems (Jamison, 2000; Latu, 2005; Varughese, 2009). According to the Partnership 

for 21st Century Skills, “Mathematics is a common language that can help students 

unlock complex problems and a lens of understanding by which to make applied and 

important connections to other fields, professions and disciplines” (Partnership for 21st 

Century Skills, 2012, p. 3).

In mathematics, students are required to perform and communicate meaning 

(Latu, 2005), and performing in this capacity is often difficult for students because the 

language of mathematics differs from ordinary speech (Jamison, 2000). First, there is no 

tense in the language. It is nontemporal because there is no past, present, or future tense. 

Secondly, there is no emotion connected with the language. Thirdly, Jamison (2000) 

suggested that mathematical language includes an abundance of precision. It has no 

ambiguity, innuendoes, hidden agendas, or unspoken cultural assumptions.

Mathematical language can be extremely complex in its definitions (Gray, 2004: 

Irujo, 2007). For example, the use o f the term “similar” in the English language would
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allow one to assume that all triangles are similar. However, as it relates to mathematical 

language, only specific triangles are similar as defined by various properties of its sides 

and angles. Mathematical language is not limited to written words and definitions. Much 

of its communication correlates with its many symbols and some are versatile. One 

example is the requirement of students to understand that the ‘symbol means minus, to 

subtract, reduce, or take away. A versatile symbol is one such as ‘x’ that can mean to 

multiply or can represent an unknown variable (Gray, 2004; Jamison, 2000; Latu, 2005). 

With the many variations that exist in mathematical language, it is comprehensible that 

students experience difficulty.

Irujo (2007) explained that English Language Learners (ELLs) and students who 

are not fluent in English experience difficulty with the academic language of 

mathematics. The register of mathematics consists of features that are not specific to the 

content but are used in all subjects. These include pronunciation, intonation, multiple 

meanings, syntax, semantics, as well as specific patterns and rules. Of the many features 

that relate to all language forms, some are more difficult for English language learners. 

Irujo (2007) specifically describes vocabulary, passive verbs, clauses, prepositions, lack 

of correspondence between words and symbols, complex sentences, discourse patterns, 

and background knowledge. One vocabulary concern is the involvement of in-depth 

comprehension. It is more than memorizing definitions; thus, teachers must provide 

students with concrete examples, such as illustrating and listing the multiples of four 

rather than requiring students to write the meanings from a glossary or dictionary (Irujo, 

2007). Prepositions can change solutions to problems if asked for ‘6 divided by 12’ rather
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than ‘6 divided into 12’. Irujo (2007) suggested that the academic language of 

mathematics must be taught, explicitly and comprehensively.

When students experience difficulty with the language of mathematics, it affects 

their learning of it (Irujo, 2007; Moschkovich, 2012; Norford, 2012). Teachers with a 

deep understanding of how to effectively teach the language of mathematics can enhance 

student achievement. Ways in which language can be incorporated mathematics 

classrooms is by teaching vocabulary (Norford, 2012), comprehension (Irujo, 2007; 

Norford, 2012; White, 2005), and reading (Glenberg, Willford, Gibson, Goldberg, &

Zhu, 2011).

Importance of Language Development in Low SES Communities

Language is a result of memories, habits, dispositions, and tendencies of native 

speakers and is determined by the utterances of those within the same environment (Ziff, 

1960). The intricacy of language is the effort to separate it from culture. In fact, one 

distinguishing feature o f language is culture. It is not about speaking being its own 

subject but rather a social product. It derives from the society in which it is embedded. 

Language is how the community communicates, interacts, socializes, and survives (Gray, 

2004; Payne, 2005; Varughese, 2009). Children are going to learn the language of the 

culture and community in which they live. They learn the language of their culture 

whether their parents are natives of the culture or not. One factor impacting mathematics 

performance and growth of students of low SES families includes language; therefore, it 

is imperative to understand language and its relation with this group. The effects of 

language on the performance of mathematics could be intrinsic or extrinsic. Some
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extrinsic factors listed include opportunities to learn and motivational and measurement 

factors. This is said to affect student performance in the classrooms. If language is a 

barrier, it is a potential factor that hinders growth. If students do not understand the 

language or vocabulary of mathematics, then it, too, is a foreign language.

While the language of mathematics may be difficult to teach, students’ abilities to 

comprehend the language may vary based on their SES (Payne, 2005). There are various 

reasons for differences among the classes. A portion of the gap that exists between 

students of poverty and students of more affluent communities relates to variations that 

often exist in instructional practices (Schorr et al., 2006). Some researchers note that the 

groups of students often are taught differently (Lubienski, 2007). One example as it 

relates to mathematical communication is that explanation o f concepts is more basic for 

low SES students than for their more affluent and higher peers. Schorr et al. (2006) 

provided evidence that there has been a different instruction designed specifically for 

students of low SES. One misconception is that before students are able to benefit from 

problem solving and critical thinking, mastering basic computation skills is prerequisite. 

Many low SES students are taught the basics by less-experienced teachers who have low 

expectations (Stipek, 2004).

While mathematical language is proposed as a term, it is done so metaphorically.

It is not a natural language that is the native tongue of speakers. It does not stand alone as 

being the first language a person learns as he or she begins to speak during infancy (Gray, 

2004; Jamison, 2000). Therefore, fluency of mathematical language will be examined 

concerning the relationship it has with mathematics performance. For the purposes of this
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review, mathematical language is observed and defined as having the ability to perform 

word problems through an understanding of reading, comprehension, transformation, 

process skills, and encoding as described in NEA (Newman, 1977). Prior to examining 

these components separately, Newman’s Error Analysis (NEA) is explicated in the next 

section.

Newman’s Error Analysis 

In 1977, an Australian language educator Anne Newman recognized the existence 

of numerous language barriers in Australia. Education in Australia consisted of a 

multitude of multicultural classrooms where students experienced difficulties, many of 

which were contributed to language. Newman believed that the language demands of the 

mathematics curriculum were important and did not need to be ignored, but rather 

developed, as they contributed to the difficulties students experienced (White, 2005). She 

developed a systematic procedure, known as Newman’s Error Analysis (NEA), for 

analyzing errors made by students who experienced difficulties when completing 

mathematical word problems (Ellerton & Clements, 1996). Newman posited that when a 

student attempted to solve mathematical word problems, he or she had to experience 

success at five levels of hierarchy (White, 2005). Newman used the term hierarchy 

because she believed that failure at any level o f the sequence prevented the student from 

arriving at the correct response (Ellerton & Clements, 1996). There was a need to 

understand how to identify these areas.

NEA was implemented to provide assistance for teachers with students who 

experienced difficulties with word problems. It provided a framework for defining the
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reasons students made errors and guidance for teachers to determine more specifically 

where the misunderstandings occurred. This analysis was designed as a method of 

diagnosis to determine with specificity when and where children made mistakes. It was 

noticed that, prior to performing any algorithm, students experienced difficulty and 

committed numerous errors. Vast amounts of evidence support the idea that children 

experience far more difficulties when completing mathematical word problems that relate 

to the language, vocabulary, and symbolism of mathematics, rather than the standard 

algorithms (Ellerton & Clements, 1996). Through her investigation and data collection, 

Newman recognized stages that students must go through and successively pass. These 

stages, or hierarchies, are reading, comprehension, transformation, process skills, and 

encoding (White, 2005). Each phase of the hierarchy is explained below.

Reading and Newman’s Error Analysis

In its simplicity, reading is having the ability to recall words, decode, and 

recognize symbols, letters, and numbers. A basic process of reading is decoding 

(Martinez, 2010). This refers to the ability to translate letters (vowels and consonants) 

into their appropriate sounds. While this may seem to be a simple task, due to various 

forms and irregularities with the English language, it is complicated and complex, 

especially for the early learner (Capraro, 2006; Jamison, 2000; Varughese, 2009).

Reading also encompasses a plethora of additional skill sets such as: phonemes, 

morphemes, phonics, phonemic awareness, vocabulary, automaticity, and 

comprehension. However, while there are many aspects of reading, the ultimate goal is 

comprehension.
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A primary goal for reading is for readers to reach the level of automaticity in 

which there is reduced cognitive load and increased comprehension (Martinez, 2010). 

There are various pathways in which students must be successful to be able to read with 

automaticity and accuracy (Cummings, Dewey, Latimer, & Good, 2011). These pathways 

include: Nonsense Word Fluency (NWF) and Oral Reading Fluency (ORF). Students 

have the ability to use decoding strategies, sound-by-sound, recoding, partial blending, 

and whole word reading, to read. As the term implies in NWF, students are not making 

sense or comprehending what they are reading. They are merely calling words based on 

their abilities to pronounce words using prior knowledge of letter-sound relationships and 

phonemic awareness. When students have the abilities to read based on this account, they 

can do so with fluency and accuracy, also known as speed and correctness.

Mathematical texts use language and diagrams in ways that differ from those used 

in other content areas (Meaney & Flett, 2006). To be competent in mathematics, it is 

necessary that students have the skills to retrieve information from written words, 

diagrams, and graphs. This enables them to interpret data and apply mathematical 

concepts when approaching various problematic situations. One study suggests a model 

known as Read-Think-Do (x2) for learning to read in mathematics classrooms. This 

model uses the idea, proposed by Halliday and Hasan, that the context affects both the 

language and its interpretation. This cyclical model challenges students to constantly ask 

questions regarding the author’s purpose and information provided, as well as 

encouraging students to make connections with similar situations and class notes drawn 

from lectures, such as mathematical ideas and concepts learned. Therefore, it was
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assumed that if students could understand the context o f a written problematic situation, 

then they would be better equipped to understand the writing piece (Meaney & Flett,

2006).

While these suggestions are pivotal and necessary, this model makes assumptions 

about the readers and lacks depth. The assumptions made are that the students have the 

ability to recall words, decode, and recognize symbols, letters, and numbers. What 

happens if students do not posses these capabilities? What strategies exist or interventions 

have been developed to identify and then address these needs? While students may be 

able to use ordinary speech and language, mathematical language differs as it relates to 

reading.

A large number of teachers in the mathematics classrooms focus on building fact 

fluency (Dowker, 2005; Figueroa, 2008; Griffin, 2004, Griffin & Callingham, 2006).

This entails enabling students to learn how to quickly recite addition and multiplication 

facts and understand that multiplication and division are inverse operations (Jordan & 

Levine, 2009). Mastering these concepts leads teachers and students to believe that 

through rote memorization mathematics will be easier to master. This has been the belief 

o f mathematics teachers for many years (Dowker, 2005; Figueroa, 2008; Griffin, 2004, 

Griffin & Callingham, 2006; Jordan & Levine, 2009). However, what happens when 

these operations and skills are written in the form of word problems? Children then have 

to apply what they have learned and make a decision for themselves about which 

operation is more appropriate (Passmore, 2007; VanSciver, 2009). This heightens these
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basic operations to a level in which many students may be unprepared for numerous 

reasons.

Additionally, mathematics is often taught and approached with the assumption 

that students are reading on their current grade level (Carter & Dean, 2006; Verhoeven & 

Van Leeuwe, 2008). There is an assumption here because not many mathematics 

programs focus on the idea o f helping students understand how to read through the 

problems. Some programs focus on strategies such as identifying key words like how 

many, more than, fewer than, how many are left, how many in all, and each. While this 

concept is not completely false, it is often times misleading. It teaches students to skip the 

other information in the word problem and jump to the key words. Furthermore, these 

key words are unfortunately not restricted to certain operations. For example, some 

teachers have taught children that if the problem includes the words ‘how many are left’ 

this implies that one should subtract (Carter & Dean, 2006; Verhoeven & Van Leeuwe, 

2008). In this case, whenever a student sees these words, he or she will simply look for 

the numbers in the story and begin to subtract. This may or may not be the appropriate 

operation to use. It depends upon the word problem. It is possible that the problem 

requires division and the portion that is left could be the remainder, or it could be that it is 

a multiple-step problem in which subtraction is only one of the operations needed (Carter 

& Dean, 2006; Verhoeven & Van Leeuwe, 2008).

Reading is essential to mathematics and not just for reading to look for key words. 

The task for the teacher in the mathematics classroom is to teach the student to read the 

particular text under consideration. Word problems are designed to help students develop
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problem is a different situation and must be treated as such. There will be times when one 

can reflect on previous situations and problems to use as guidance for new ones; 

however, they cannot be treated as if there is a special formula for solving them.

Students who experience difficulty with reading find it hard to establish a context 

for a particular text in all subject areas: reading, mathematics, language arts, science, and 

social studies. It is difficult for them to predict its grammatical structure and meaning and 

anticipate words that are likely to occur within it. This is the essence of reading being 

fundamental. The ability to read allows students to obtain greater success based on the 

text in which they are reading. Therefore, reading is not just a subject within itself—it is 

necessary for all content areas (Carter & Dean, 2006).

To assist these students with reading in the content area of mathematics, the 

teacher can provide an orientation to the text before they read the problem. This is the 

aim of the reading orientation of the first phase of the hierarchy in NEA (White, 2005). 

The goal is to make the students aware of:

a) the story in which the problem is embedded;

b) the context of the problem;

c) unusual language, likely to cause difficulties for the students; and

d) mathematical words in the text of the problem.

It is important that teachers do not read out the problem for the students, that they do not 

simplify the language of the problem, or present an orientation that provides too much 

guidance to solve the problem (White, 2005).
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Comprehension and Newman’s Error Analysis

As comprehension is a component of reading, it is more than simplified reading. 

Rather than just reading words with fluency and accuracy, comprehension requires the 

reader to understand what is being read. Reading comprehension has a direct impact on 

mathematics performance. Harlaar, Dale, Plomin, Kovas, and Petrill (2012) conducted a 

study to clarify the correlations between mathematics and word decoding and 

mathematics and reading comprehension. Results indicated a near perfect correlation 

(.91) between mathematics and comprehension, therefore underscoring the importance of 

the ability to understand and make sense of the words that have been put together for the 

purpose of meaning.

Word decoding and vocabulary are critical factors in comprehension for the 

ability to decode has a substantial impact on comprehension (Verhoeven & Van Leeuwe, 

2008); if decoding skills are weak, words are frequently misinterpreted which minimizes 

meaning. Additionally, when students can readily decode and recall words with fluency 

and automaticity, this is an indicator of understanding and comprehension (Harlaar et al, 

2012). However, other research suggests that one’s ability to speed read, memorize, and 

process auditory information does not correlate to direct effects on reading 

comprehension. Rather, it is directly connected with developmental readiness and age 

appropriateness (Floyd, Meisinger, Gregg, & Keith, 2012). While word decoding and 

reading comprehension are correlated and often used synonymously, they are dissociable.

Reed and Vaughn (2012) suggest comprehension instruction in mathematics 

classroom should be taught to ensure students understand the use of the words and
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phrases being utilized in a word problem well enough to translate the words into 

mathematical meaning and construct. These researchers assert that strategies such as part- 

part-whole can be taught to assist with increasing mathematical comprehension. They 

purport this to be just as effective as teaching cause-and-effect. Examples provided 

include scaffolding with questions such as: “Which sentence in the word problem tells 

about the whole or combined quality?” or “Which sentence tells about one of the small 

parts that make up the whole?” According to Reed and Vaughn (2012), it is questions 

such as these that will enable to reader to understand what he or she is reading.

Students can often quickly pronounce and articulately enunciate words that they 

see in a passage or word problem, and their levels of fluency make it appear that they 

understand what is taking place. However, while some are able to conquer this aspect of 

reading, there are those within this group who do not understand what they are reading. 

While they are clearly stating the words, they have short term memory or have not been 

able to process what is going on in the context of the reading material. They simply do 

not comprehend.

While comprehension is one focus of many reading programs for teaching 

children how to become successful readers, it is rarely included as a component in math 

programs. This is yet another assumption that those who are completing word problems 

already know how to comprehend. It is rather foolish to attempt to answer a question that 

one does not understand, and it should be the teacher’s goal to assure that the student 

understands and the solution is desirable. According to Polya (1945), creator of a 

sequential problem-solving process described in How to Solve It, in order for the problem
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to make sense, the verbal statement must be understood. Understanding the problem 

happens in two stages: getting acquainted and working for better understanding.

In order to get acquainted, one can begin with the statement o f the problem, 

visualize the problem as a whole without being concerned with details, and become 

familiar with the problem with the purpose in mind. In this phase, the reader should 

attempt to draw a figure or introduce an appropriate notation (Polya, 1945). Working for 

better understanding entails starting again with the statement o f the problem, but this time 

when it is very clear. One should isolate various parts of the problem such as the 

hypothesis and conclusion. Details also need to be clarified knowing that they will be key 

to components afterwards. Polya (1945) writes that questions can help students as they 

attempt to find the unknown, data, and condition. For example, Can a condition be 

satisfied, and if so, is it sufficient or insufficient? Does it appear to be redundant or 

contradictory?

Taking a closer look, comprehension relates to the reader’s and listener’s 

understanding of the message expressed or conveyed by the writer or speaker. It is also 

the act of constructing meaning with written and oral context. This meaning that is 

developed or interpreted does not reside with the writer or speaker but rather with the 

reader or listener. Consisting of multiple features, as it refers to text, comprehension is 

language, content, purpose, and structure. In reference to the reader or listener, 

comprehension relies on one’s existing knowledge base, views, processes, purposes, 

skills, and strategies. Connecting the text with the reader or listener, comprehension is
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rooted in the context in which the communication that occurs. It is the impact o f these 

factors that makes comprehension extremely complex (Pearson, Barr, & Kami, 2002).

It is the complexity of comprehension that produces mathematical errors (White, 

2005). In this second phase of NEA, comprehension errors are documented as being a 

high frequency category in error analysis when children attempt mathematical word 

problems (Clarkson, 1991). These errors have proved to be considerably important 

(Ellerton & Clements, 1996). Students need to be familiar with a range of mathematical 

texts and understand the language, features, and grammar o f these texts.

Transformation and Newman’s Error Analysis

The term transformation can have multiple meanings. In the subject matter of 

mathematics, it is often referenced in geometry as having “one-to-one correspondence 

between points of the plane” (Musser, Peterson, & Burger, 2011, p. 154). More 

specifically, it includes the study of the changing of shapes through translations, 

reflections, and rotations, also known as slides, flips, and turns respectively (Van de 

Walle & Lovin, 2006). For the purposes of this study, transformation is defined as the 

process of transforming or changing and being able to reason about those changes and 

their effects (Ormrod, 2008). It is also having the ability to change from one state to 

another and back, or shift from the mathematical language of the text to application of 

mathematical processes (New South Wales Department of Education and Communities, 

2011). This is in essence making sense of the problem, as it relates to mathematics.

Piaget stated that when children are incapable of understanding the process of 

transformation, they experience difficulty accepting change (Ormrod, 2008). An example
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he provided was that children do not understand that a caterpillar turns into a butterfly, 

yet they assume that the caterpillar crawls away and then the butterfly flies in to replace 

it. This asserts that students cannot rationalize about change and its effects (Ormrod, 

2008). In the mathematical sense, understanding the metamorphosis of a caterpillar into a 

butterfly equates to the ability to carry out a transformation or change from the words of 

the problem to identifying an appropriate mathematical strategy (Musser, Peterson, & 

Burger, 2011; Van de Walle & Lovin, 2006).

In this third phase of NEA, teachers can build the ability of students to transform 

mathematical texts into mathematical processes by creating classrooms where learning to 

read mathematics problems occurs frequently. Solving problems is the focus of 

mathematics lessons (Ellerton & Clements, 1996; White, 2005). Also, encouraging 

students to make personal connections assists them in transforming the story or word 

problem in such a way that makes sense to them, enabling them to change from text to 

application of the text (New South Wales Department of Education and Communities, 

2011).

Process Skills and Newman’s Error Analysis

The fourth phase of NEA is process skills and refers to the procedures and skill 

sets needed to complete mathematics operations (White, 2005). It is during this phase in 

which algorithms are more applicable. Teachers will want to also understand if students 

can talk aloud to clearly articulate their understanding. It is at this point that students 

show a tangible response by showing their work. They prove they have the ability to 

write their process and demonstrate through computation how they will complete the
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task. In other words, students are able to apply the process skills demanded by the 

selected strategy.

Process skills are relevant to the Standards of Mathematical Practice (SMP), a 

collection of standards provided by NCTM and the National Research Council (Parker & 

Novak, 2012). The majority of the states throughout the United States have already 

adopted the national curriculum known as Common Core, which contains similar 

standards embedded in kindergarten through twelfth grade levels. States have the 

freedom to select which portions of their current standards they would like to keep; 

however, the SMP will be universal for all states at all grade levels. These standards are 

divided into eight sections. Researchers and educators from both councils agree that 

when the student can construct meaning or understand the language of mathematics they 

can become mathematically proficient. In doing so they are able to: a) make sense of 

problems and persevere in solving them; b) reason abstractly and quantitatively; c) 

construct viable arguments and critique the reasoning of others; d) model with 

mathematics; e) use appropriate tools strategically; f) attend to precision; g) look for and 

make use of structure; and h) look for and express regularity in repeated reasoning 

(GaDOE, 2013; NCTM, 2000). While process skills are a component of understanding 

the language of mathematics, it is necessary to understand the connection between 

process skills and the SMPs.

Often it is this phase that many programs focus on building: processes, 

procedures, steps, organizations, and algorithms. However, before students can get to this 

step, which is fourth in the NEA process, it is imperative that they can successfully
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master the previous steps of reading, comprehension, and transformation. Typically when 

students are experiencing difficulty during this fourth phase, they have identified an 

appropriate mathematical operation, or sequence of operations, but do not understand the 

procedures necessary to precisely carry out the operations. It is during this phase when 

common errors and misconceptions are more visible. These mistakes can be found by 

students themselves if they have more success during the previous steps of NEA. When 

students are able to read and comprehend what takes place in a word problem, they can 

discover why responses do not make sense if they perform the wrong algorithm.

Encoding and Newman’s Error Analysis

As people learn, it is rare that the information learned is stored into memory in the 

same form in which it was received (Ormrod, 2008). Rather, the learner is engaged in 

what is called encoding, where the data are somewhat modified or altered. Once this 

information changes in one’s mind, there is an interpretation that takes place (Ormrod,

2008). This is what is known as encoding, and it involves the process of recalling 

information and making inferences in an effort to develop a deeper understanding for the 

context in which the information is used (Weiser & Mathes, 2011). Researchers suggest 

that in an effort to enhance language through reading, decoding and encoding work hand- 

in-hand (Martinez, 2010; Ormrod, 2008; Weiser & Mathes, 2011). Children can make 

connections and inferences about reading by using manipulatives to learn relationships 

and correlations about words and symbols (Martinez, 2010). Further, investigations 

provide evidence that the use of encoding as an instructional strategy in the classroom 

promotes increased literacy performances of at-risk primary grade students (Weiser &
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Mathes, 2011). Additionally, this instruction can be successful for the reading and 

spelling improvements of older students who have learning disabilities (Weiser &

Mathes, 2011). Therefore, the ability to encode enables greater academic success in all 

subject areas for students will be able to transfer, connect, and infer for deeper contextual 

understanding.

Encoding also means to change into a form that is suitable for the brain. In this 

instance, a child can make sense of a response and accurately articulate into a form that is 

suitable for others to read and understand (Martinez, 2010). The inability to do this is 

known as an encoding error, which reveals that the answer was not expressed in an 

acceptable written form (Ellerton & Clements, 1996; White, 2005).

Ormrod (2008) stated that a student’s ability to encode a problem influences their 

approaches in solving it. Children have various interpretations about word problems and 

therefore there is a variety of ways in which they will solve them. When students 

experience difficulty during the encoding phase, they can read, comprehend, transform, 

and even perform the appropriate algorithm. However, they have difficulty because they 

do not understand how to translate, transfer, or encode the task into procedures or 

operations that are familiar to them (Ormrod, 2008). They are incapable of expressing 

their response in a written form. A teacher may instruct students to write their response, 

but it does not match with their verbal response or suggestions.

One strategy often used to assist students with recalling information is a concept 

map. An example of a concept map is the encoding of verbal or auditor data into a visual 

representation. This type of map can be used when a teacher reads a text or story to
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children and provides details about the settings and people. Children may later draw a 

picture of their interpretation of what they heard, without having a visual to reference. 

Modifications to Newman’s Error Analysis

An additional stage of NEA was modifications from later studies and was 

incorporated with a program known as Counting On (White, 2009). In 2007, this revision 

and implementation of NEA was added as the final stage and was called Carelessness 

Errors. NEA was embedded into the Counting On program for the purposes of assisting 

teachers when their students experienced difficulties with word problems. The inclusion 

of NEA was used as a framework for targeting where errors occurred and provided a link 

between literacy and numeracy (White, 2009). Trials that led to the modifications 

included the interviewer explaining the meaning of the word problem to students if they 

were unsuccessful during the comprehension stage. Many teachers preferred this 

modification. Another adaptation that led to the modifications was the idea that all 

responses, including a student’s errors, equated to an understanding of some sort. A 

correct response explained understanding of the basic or main concepts, while an 

incorrect response illustrated a careless error (White, 2009).

Carelessness and Newman’s Error Analysis

While students are completing computational or word problems, they will often 

make mistakes that derive from working too quickly (Wong, 2007), not checking to 

review their finished tasks (Wong, 2007), stress (Bailock, 2008), or even apathy (Wong,

2007). Errors such as these are known as careless mistakes (Bailock, 2008; Wong, 2007) 

and are classified as typical factors that are separate from the hierarchy, for they can
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occur during any phase of the analysis (Ellerton & Clements, 1996; White, 2005). For 

example, careless errors can occur during the reading stage if a student inadvertently 

replaces a word for another or overlooks a word, thus changing the meaning of the word 

problem. A student could read a word such as “unshaded” as being shaded when reading 

information about a fraction model. This could definitely result in inappropriate response. 

This does not classify as a reading error; rather it is a careless mistake.

Misconceptions and Newman’s Error Analysis

Students are sensitive to the strengths and weaknesses of language. The context of 

a word refers to the many different meanings or values. Many terms make sense 

according to the remaining words in which they are presented. Therefore, context cannot 

afford to be neglected. Unless the correct language arises from it, the situation goes 

unsolved or is solved incorrectly.

Summary

In this chapter, perspectives of constructivism and definitions of mathematical 

language were presented. The origin and framework of Newman’s Error Analysis 

(Newman, 1977) were described as well as its modifications. This review of literature 

was an effort to illustrate the various levels o f mathematical difficulties students 

experience when completing word problems. Mathematical language, which is the 

foundation for this design, data collection, and data analysis o f this study, was focused on 

relative to each level. Chapter 3 expands upon the research design and methodology for 

conducting the investigation. For the purposes of this study, the original design of the 

study was used as the methodology.



CHAPTER 3

RESEARCH DESIGN AND METHODOLOGY

The purpose of this case study was to explore the factors that may contribute to

the types of mathematical errors made by fourth graders in a Title I school when they are

completing word problems. This exploratory case study used a diagnostic tool known as

Newman’s Error Analysis (Newman, 1977) to examine the issues that exist with

students’ understanding the language of mathematics. Qualitative data were collected

through the use of semi-structured interviews to explore the types of errors participants

made when completing word problems.

A case study enabled close observation of the phenomenon. A case study is an in-

depth analysis o f a phenomenon or bounded system. This system that is bounded is one

that is a single unit or entity in which the problem or phenomenon exists (Merriam,

2009). The existing problem is that there is a need for a systematic approach or method to

help identify the types of errors students make when completing word problems. While

there may be many students who experience difficulties with algorithms, there is more to

mathematics than completing operations (Adams, 2003; Gray, 2004; Jamison, 2000).

Much of mathematics is presented in words and when children experience literacy and

comprehension difficulties, understanding the language becomes an obstacle to applying

the mathematical operations necessary for problem solving (Gray, 2004). This chapter

includes the research questions, setting, population and sample, data collection and

62
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instrumentation, data analysis, validity and reliability, and limitations of the study. It 

concludes with a summary of the methodology.

Research Questions

The research questions addressed in this study were:

1. How do fourth graders who attend a school in a low SES community 

understand the language of mathematics?

2. What factors contribute to the types of mathematical errors made in word 

problems completed by fourth graders who attend a school in a low SES 

community

Setting

This study took place in the southeastern region of the United States. The 

endeavor of this research included conducting an in-depth examination of the 

mathematics academic performance of fourth graders who attend a school in a low SES 

community; therefore this investigation occurred in an elementary school. While the 

selection of this setting was based on convenience, there was also a need to (a) examine 

how students at this school setting understood the language of mathematics and (b) 

analyze factors that contributed to the types of mathematical errors made while solving 

word problems. Additionally, I, as a mathematics teacher, wanted to know how to better 

prepare my fourth graders for future Criterion-Referenced Competency Test (CRCT).

Population and Sample

The participants in this study were selected from an elementary school in the 

southeastern United States. At the time of this study, the county school system had a
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population of approximately 156,443 people. Twenty-three percent of the people in this 

county lived below the poverty line (U. S. Department of Commerce, 2013). The 

district’s demographics were comprised of Whites (44.1%), Blacks (52.5%), American 

Indian and Alaska Nations persons (0.3%), Asians (1.7%), and Hispanics (3.1%). The 

elementary school where this research was conducted contained grades pre-K through 

fifth. Of the approximately 600 students at this school, 97% of the students were Black, 

1% was Hispanic, and 1% was White. The economically disadvantaged subgroup 

represented 97% of the school’s enrollment as measured by students eligible to receive 

free and reduced lunch (GreatSchools.org, 2013).

Participant Criteria

The study began by examining the mathematics academic performance of fourth 

graders. Criterion sampling was used to identify the cases that met the criteria related to 

the purpose of this study (Merriam, 2009). There were approximately 100 fourth graders 

who attended the school in which the research was conducted. The state’s Criterion- 

Referenced Competency Test (CRCT) is administered every spring during the month of 

April. These assessments are used to determine whether or not students have met the 

state’s academic performance standards as described in the adopted curriculum. These 

standards were designed by curriculum directors and educators across the state and taught 

by teachers within each school. The CRCT is given yearly to all students attending public 

schools throughout the state in grades three through eight in reading, mathematics, 

language arts, science, and social studies content areas (GaDOE, 2011).
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The fourth graders in this school had CRCT scores from the previous grade that 

were used to begin the selection process. A passing score for the CRCT is 800 or above. 

For the selection process, scores for the areas of mathematics and reading were used. In 

an effort to link numeracy and language and answer the research questions, students who 

did not pass the mathematics and reading sections of the CRCT were considered to be 

potential participants.

Selection of Interviewees

Permission was gained from the Internal Review Board (IRB), located in 

Appendix A, and the selection of interviewees commenced. The selection process used in 

this study is known as extreme case sampling. These cases were extreme because they 

consisted of “individuals who provided unusual, troublesome, or enlightened cases” 

(Creswell & Plano Clark, 2007, p. 112). This technique is also termed purposeful because 

the researcher selected these individuals for the purposes of understanding, discovering, 

or gaining insight about the phenomenon under investigation (Merriam, 2009), which in 

this study was the commonalities of the particular phenomenon of language difficulties 

related to the errors made by the individuals who did not pass the CRCT in reading and 

mathematics. As there were approximately 100 students in the fourth grade at the school 

in which this study took place, there were 20 who met the criteria of the specified 

extreme case sampling, which was not passing the CRCT reading and math assessments. 

Appendix B displays these scores.

After obtaining approval from the school district and the IRB, each student’s 

parent was sent consent and assent forms, copies of which are located in Appendices C
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and D. All parents and participants were ensured of participant confidentiality and could 

withdraw from the study at any time. Anonymity of participants was obtained and 

maintained throughout the investigation through the assignation of pseudonyms for 

participants’ actual names. Twenty students were selected and received consent and 

assent forms; however, only seven of the forms were returned.

The seven students who were eligible to become participants in this study (a) met 

the criteria of not meeting this state’s level of mastery for the content areas of reading and 

mathematics on the CRCT and (b) returned consent and assent forms. All of the 

participants in the study were Blacks. Table 5 presents the participants’ CRCT reading 

and mathematics scores and eligibility for Free or Reduced Price Lunch (FRPL). Data are 

reported using the pseudonyms of the participants.

Table 5

Participants ’ CRCT Reading and Mathematics and FRPL Eligibility

Participants CRCT 2012 
Math Scores

CRCT 2012 
Reading Scores

Eligible for FRPL

Rachel 767 785 Yes

Victor 767 785 Yes

Bobby 793 795 Yes

Jasmine 776 785 Yes

Michael 770 792 Yes

Joshua 761 789 Yes

Cory 747 775 No
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Demographic Background of Participants

Rachel was a 10-year-old fourth grader. She was well-mannered and groomed and 

appeared a little nervous during the interview process. She did not pass the mathematics 

or reading sections of the CRCT (scores 767 and 785 respectively). Rachel was eligible 

for free or reduced lunch and lived in a single parent home with her mother. She was 

interviewed during school in my classroom. The duration of the interview was 26 minutes 

and 9 seconds.

Victor was a 10-year-old fourth grader. He was well-groomed and wore a low 

hair-cut. He appeared somewhat shy and timid. His body language expressed a lot of 

nervousness as he wiggled and giggled a lot during the interview process. He did not pass 

the mathematics or reading sections of the CRCT (scores 767 and 785 respectively). 

Victor was eligible for free or reduced lunch and lived with both his mother and father.

He was interviewed during school in my classroom. The duration o f the interview was 25 

minutes and 51 seconds.

Bobby was an 11-year-old fourth grader. He was well-groomed and wore a low 

hair-cut. He did not pass the mathematics or reading sections of the CRCT (scores 793 

and 795 respectively). Bobby was eligible for free or reduced lunch and lived in a single 

parent home with his mother. He was interviewed during school in my classroom. The 

duration of the interview was 33 minutes and 49 seconds.

Jasmine was a 10-year-old fourth grader. She was eligible for free or reduced 

lunch and lived in a single parent home with her aunt. She was slim and her hair was 

often frizzed or unmanaged. Jasmine did not pass the mathematics or reading sections of
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the CRCT (scores 776 and 785 respectively). She was shy and soft spoken. She was 

interviewed during school in my classroom. The duration of the interview was 18 minutes 

and 33 seconds.

Michael was a 10-year old fourth grader. He was eligible for free or reduced 

lunch and lived in a single parent home with his mother. He was well-groomed wore a 

low hair-cut. Michael did not pass the mathematics or reading sections of the CRCT 

(scores 770 and 792 respectively). He was interviewed during school in my classroom. 

The duration of the interview was 27 minutes and 16 seconds.

Joshua was an 11-year-old fourth grader. He was eligible for free or reduced 

lunch and lived in a single parent home. His living arrangement was not stable as he often 

rotated between living in the single parent home with his mother or the single parent 

home living with his maternal grandmother. Joshua did not pass the mathematics or 

reading sections o f the CRCT (scores 761 and 789 respectively). He was interviewed 

during school in my classroom. The duration of the interview was 23 minutes and 50 

seconds.

Cory was a 10-year-old fourth grader. He was the only participant not eligible for 

free and reduced lunch and lived with both his mother and father. He was well-groomed 

and wore a low hair-cut. He did not pass the mathematics or reading sections of the 

CRCT (scores 747 and 775 respectively). Cory was soft spoken and shy during the 

interview process. He was interviewed during school in another classroom and the 

interview’s duration was forty-three minutes and fifty-four seconds.
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Qualitative Data Collection and Instrumentation 

The first step for data collection and instrumentation included gaining permission 

for the use of NEA. Contact was made with Dr. Allan White, Associate Professor at the 

University of Western Sydney, via phone and email to request authorization to use NEA. 

The avenue for this was through Dr. White as proffered from an article, Active 

Mathematics in Classrooms: Finding out Why Children Make Mistakes—And Then 

Doing Something to Help Them (2005), stating that should additional information be 

needed, contact could be made to him via email. Once contact was made, Dr. White 

informed me that permission was not needed to use this method. A copy of this email 

transcript can be found in Appendix F.

Once permitted, each participant was first given a written an assessment of 15 

word problems adapted from NEA (White, 2005). The adapted assessment contained 

different names and numerical data. A copy of the assessment is located in Appendix E.

The assessment was conducted in a whole group setting of 19 students. Once the 

tests were completed, the researcher removed the assessments of the seven participants 

and scored the assessments based on correct versus incorrect responses. The resulting 

percentage points were recorded on a score sheet as depicted in Table 6.
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Table 6

Percentage Points o f Correct Versus Incorrect Responses per Participant per Problem

N ew m an's Error Analysis

Pseudonym ^  GradeCorrect
i-i IN in m 10 r*. 00 01

o
H

IN
H

m
H H

I/I
H

Rachel 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 7%

Victor 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 %

Bobby 1 0 0 0 1 0 0 0 1 1 0 0 0 0 0 4 27%

Jasmine 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 7%

Michael 1 0 0 0 0 0 0 1 1 0 0 0 0 0 0 3 2 0 %

Joshua 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 %

Cory 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 %

Total
Correct 2 0 0 0 3 0 0 1 2 1 0 0 0 0 0 9 9%

During the second step of the investigation, the researcher conducted individual, 

semi-structured interviews that were recorded using a digital voice recorder. These 

interviews were conducted during school, but outside of the regularly scheduled 

mathematics instruction time for the purposes of minimizing interruptions and increasing 

participant and researcher focus. Each participant was given a new blank assessment 

which consisted of the same written 15 word problems given on their first attempt. 

However, this second attempt was completed with researcher prompting for each next 

step.

The five prompts that guided the semi-structured interviews were adopted from 

NEA (Clements & Ellerton, 2008; Newman, 1977; Prakitipong & Nakamura, 2006; 

White, 2005; Yoong, 2000), but without assistance from the researcher (White, 2005). 

These prompts represented the five steps of NEA. The participants were recorded while
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the researcher asked the following prompts (Clements & Ellerton, 2008; Newman, 1977; 

Prakitipong & Nakamura, 2006; White, 2005; Yoong, 2000).for each of the 15 word 

problems:

1. Read the question to me. If you do not know a word, tell me. (Reading)

2. Tell me what the question is asking you to do. (Comprehension)

3. Tell me how you are going to find the answer. (Transformation)

4. Show me what you are going to do to get the answer. “Talk aloud” as you do 

it, so that I can understand your thinking. (Process Skills)

5. Now write down your answer to the question. (Encoding)

Data Analysis

The researcher recorded the semi-structured interviews using a digital voice 

recorder and analyzed errors as determined by the NEA error codes (Clements &

Ellerton, 2008; Newman, 1977; Prakitipong & Nakamura, 2006; White, 2005; Yong, 

2000). The section below titled ‘Coding’ details how the data were analyzed.

Coding

For the first research question (i.e., How do fourth graders who attend schools in 

low SES communities understand the language of mathematics?), codes were used to 

analyze the data relative to the types of errors. The codes were: comprehension (C), 

transformation (T), process skills (P), and encoding (E) (White, 2005). For the prompt, 

“Tell me what the question is asking you to do”, each participant was required to retell 

the main idea of the question. When participants experienced difficulties during this
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phase, the researcher coded the specific question with the letter “C” to distinguish an 

error with comprehension.

The code for transformations was the letter ‘T \ If the participant did not respond 

with an appropriate strategy or operation, the word problem was coded with the letter ‘T’ 

identifying an error with transformation. When students are successful during this stage, 

they have the ability to identify appropriate strategies to complete the task.

The code for process skills errors was the letter “P”. If the participant were unable 

to use the appropriate strategy or operation needed to solve the problem, the word 

problem was coded with the letter “P” identifying an error with process skills. If students 

were successful during this stage, they had the ability to use the appropriate operation or 

strategy identified to complete the word problem.

Encoding errors were coded using the letter “E”. During this phase, participants 

wrote their answers to each word problem. When participants were not be able to write 

legible responses, responses that made sense, or responses that matched the verbal 

response previously given, the errors were coded with the letter “E”.

For the second research question (i.e., what factors contribute to the types of 

mathematical errors made in word problems completed by fourth graders who attend a 

school in a low SES community?), the researcher identified specific reading errors that 

included: substitutions, omissions, insertions, and reversals. A substitution error occurred 

when the participants replaced written words with different words. Substitution errors 

were coded by writing the word that the participant read above the word it replaced. 

Omission errors occurred when the participants left out a word that was written.
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Omission errors were coded by circling the word that was not read. Insertion errors 

occurred when the participants read a word that was not written and did not replace any 

other word. These were words that were inserted between the written words. Insertion 

errors were coded by placing the a symbol and the inserted word between the words in 

which the insertion was made. Reversals took place when the participant rearranged the 

order o f the words in which they appeared in the word problem. These were identified by 

drawing a loop around the words to illustrate that the word order was reversed. If the 

words were read accurately with no mistakes, the researcher placed a check mark above 

the word. Once the reading codes were labeled and a percent accuracy was calculated, 

this determined whether or not the participants received an overall reading error code of 

“R”.

Due to space and time constraints, only five of the original fifteen word problems 

were selected and used in the analysis o f the data. These were problems 2, 5, 12, 14, and 

15. These word problems were selected because an error analysis revealed that these five 

questions had a higher frequency of errors than the remaining 10 word problems.

Future Research

It is suggested that future research studies using NEA consider a larger sample. 

Other researchers may want to consider conducting semi-structured interviews with 

higher academic performing students to determine if they are in fact able to work 

successfully through all stages of NEA. Additionally, future researchers may want to 

consider conducting longitudinal studies in which the participants can be tracked across
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many grade spans to monitor academic growth levels. These things will also assist with 

ensuring validity and reliability.

Validity and Reliability

Validity

In qualitative research, efforts to ensure validity require attending to the accuracy 

of the descriptions and interpretations of the data collected (Maxwell, 2005). Creswell 

(2007) suggests that in qualitative research, descriptive validity is a process for assessing 

the accuracy of the research findings as it relates to the study. In this study, validity was 

assessed in accordance with its purpose and conditions. Threats to the validity are 

inevitable, and the goal o f the researcher is to eliminate these threats.

Multiple procedures were used to ensure validity in this study. First, as suggested 

by Creswell (2007), the researcher used peer debriefing to enhance accuracy of the data. 

According to Lincoln and Guba (1985), peer debriefing is “the process o f exposing 

oneself to a disinterested peer in a manner paralleling an analytic session and for the 

purpose of exploring aspects of the inquiry that might otherwise remain only implicit 

within the inquirer's mind” (p. 308). The researcher requested the use of assistance from 

two expert, tenured mathematics teachers. The teachers were assigned to modify codes in 

any of the inappropriate responses to suit the purpose of the study (Maxwell, 2005; 

Varughese, 2009). The researcher coded the participants’ responses from the semi

structured interviews based on the errors made as outlined from NEA. This was done 

using a NEA Coding Sheet (New South Wales Department of Education and 

Communities, n.d.) located in Appendix G. After coding and reviewing selected codes,
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the researcher asked the two tenured mathematics teachers to listen to digitally recorded 

interviews and code individual participant responses. There were a total of 105 codes 

assigned (fifteen codes for each other the seven participants). Of the codes assigned, there 

were only three discrepancies among them. These three discrepancies were among the 

same word problem for three different participants. The semi-structured interviews were 

listened to again by the research and two peers, and the three collaborated until a 

consensus could be reached. It was then determined that on word problem number 2 that 

each of the participants made errors with comprehension of the mathematical concept 

rather than receiving an overall error with reading. An additional method used to ensure 

validity was the use of rich, thick, and detailed descriptions. The data included 

transcribed interviews, samples o f the student work, field notes, and coding sheets 

(Creswell, 2007).

Creswell (2007) refers to qualitative research as the type of research that is 

initiated by assumptions and views about the world, and inquiring into the meaning 

individuals or groups attribute to social or human problems that exist. In collecting data, 

the researcher was sensitive towards the student participants and the setting being 

studied. By establishing patterns and themes, validity o f the data analysis was increased.

Researcher bias is a threat to validity. In an attempt reduce researcher bias, the 

researcher explained and clarified potential biases and predispositions. Clarifying the 

researcher’s bias by specifying past experiences, biases, prejudices, and orientation was 

embraced to shape the interpretation and approach of the study (Creswell, 2007).
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Assumptions were explained in the introduction of the study in addition to an explanation 

of the researcher’s role as the mathematics teacher.

Cross-referencing multiple data sources, known as triangulation o f data, increases 

validity o f results, reduces bias, and provides a greater base of evidence from which to 

derive interpretations of a social phenomenon (Mathison, 1988). To ensure internal 

validity, the researcher used triangulation. This involved the use of multiple sources of 

data for interpretation, which included participants’ transcribed interviews, field notes of 

observations of participants while they were completing word problems, and code sheets 

(Creswell, 2007). To enhance the accuracy of the study, the researcher checked the 

results for each data source to determine the instances of inconsistencies agreement 

among data (Johnson, 1997).

Reliability

Reliability refers to whether or not the study and or codes can be replicated in 

multiple studies and coders refer to those who transcribe the data collected in qualitative 

research (Creswell, 2007). As the researcher’s purpose was to add to the body of 

knowledge regarding an existing phenomenon, it was important that future researchers 

could replicate the study so that the findings should be generalizable to the appropriate 

population. Therefore, as the researcher was recording data through observations, 

interviews, and surveys, reliability was enhanced through the use of descriptive field 

notes, as recommended by Creswell (2007). Reliability was also increased through 

review of coding by experts or team members for accuracy and consistency.
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Limitations

Qualitative research has limitations that include researcher prejudice and bias, 

observer effects, and study replication (Onwuegbuzie & Leech, 2007). While the 

researcher attempted to minimize personal prejudices and bias, there is always a 

limitation o f the study due to the researcher's involvement in the study (Onwuegbuzie & 

Leech, 2007). The limitation of observer effect occurred due to the presence of the 

researcher and the effect that this presence had on the data collection process 

(Onwuegbuzie & Leech, 2007). Additional limitations were related to the relationship 

between the researcher and the participants, the role of the researcher in the study, and 

the ethics and politics involved (Freeman, deMarrais, Preissle, Roulston, & St. Pierre, 

2007). Another limitation may have been the extent to which the researcher provided 

substantial information within the study so that the research can be duplicated 

(Onwuegbuzie & Leech, 2007).

Summary

This study was a qualitative investigation designed to explore the factors that may 

contribute to mathematical errors made in word problems completed by fourth graders 

who attend a school in a low SES community. The explanatory qualitative design used 

for this study utilized a combination o f observations and interviews. For the purposes of 

linking numeracy and literacy through language, participants were purposefully selected 

using this state’s high-stakes testing known as the Criterion Referenced Competency Test 

(CRCT). Each student attending public schools in this state takes the CRCT in grades 

third through eighth for the content areas of reading, language arts, mathematics, science,
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and social studies. The selection process for this study included extreme case sampling in 

that students were considered to be enlightened cases (Creswell & Plano Clark, 2007) as 

they were individuals who did not pass the reading and mathematics sections o f the 

CRCT. For this particular school, approximately 20 students of the nearly 100 fourth 

grade student population met the above criteria. The seven selected students were asked 

to complete a set of 15 word problems in an effort to determine their level of 

understanding. Once the 20 students had an opportunity to complete the mathematics 

problems, the researcher then assessed their responses based on correct versus incorrect 

responses. After evaluating the problems, the researcher began conducting individualized 

semi-structured interviews using NEA.

NEA is a method for discovering the types of errors that students make while 

completing word problems (Newman, 1977). In an effort to determine the difficulties 

experienced and identify mistakes made on word problems, the researcher coded the 

errors based on the following aspects: Reading Errors (R), Comprehension Errors (C), 

Transformation Errors (T), Process Skills Errors (P), Encoding Errors (E) (White, 2005). 

As the interviews were transcribed, the researcher coded the participant responses based 

on these criteria. Prompts were given to students during the interview process to identify 

instances of the codes listed above. The prompts followed this sequence:

1. Please read the question to me. If you don’t know a word, tell me (Reading— 

R).

2. Tell me what the question is asking you to do (Comprehension—C).

3. Tell me how you are going to find the answer (Transformation—T).
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4. Show me what you are going to do to get the answer (Process Skills—P).

5. Now write down your answer to the question (Encoding—E).

After the collection of this information, the mathematical error level was

determined explaining each participant’s mathematical language difficulty. This provided 

a strategy teachers can use to discover the factors that contribute to the types of 

mathematical errors students make when completing word problem. The overall objective 

of using NEA was to provide an in-depth diagnosis of how the students understand the 

language of mathematics.

The methodology in this chapter described the setting, the participants, and the 

data collection and data analysis procedures. It also addressed the validity, reliability, and 

limitations of the study. Chapter 4 presents the findings.



CHAPTER 4 

FINDINGS

The purpose of this exploratory case study was to collect qualitative data using a 

diagnostic tool known as Newman’s Error Analysis (NEA) in an effort analyze problems 

that exist with low SES fourth grade students’ understanding of the language of 

mathematics. The research questions that guided this study were:

1. How do fourth graders who attend a school in a low SES community 

understand the language of mathematics?

2. What factors contribute to the types o f mathematical errors made in word 

problems completed by fourth graders who attend a school in a low SES 

community?

Understanding the Language of Mathematics

The first research question (i.e., How do fourth graders who attend a school in a 

low SES community understand the language of mathematics?) guided this component of 

the study. Knowledge of mathematical language involves having the ability to understand 

the context in which the terms are being used as they appear in instructions, symbols, 

signs, and word problems. In this section, the participants’ understanding of the language 

of mathematics was analyzed for each word problem relative to the following 

components depicted in Figure 2: comprehension, transformation, process skills, and 

encoding.

80
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Process SkillsTransformation

EncodingComprehension
U nderstanding 
the  Language

M athem atics

Figure 2. Components Embedded in Understanding the Language of Mathematics

Comprehension

Comprehension entails the extent to which participants understood the overall 

meaning of the words in each word problem and were able to retell the main idea or key 

facts. Comprehension errors occurred when the participants were unable to summarize 

the word problem.

Students were asked to read Problem 2: Here are three fractions: 1/3, 1/4, and 

1/10. Write these fractions in order of size, from smallest to largest. Small Fraction:

____________Middle Fraction:____________and Largest Fraction:_____________ .

Students were asked, “Tell me what the question is asking you to do.” Bobby said, “To 

put 'em in order from smallest to biggest.” After a pause, Corey said, “How to put it in 

order.” Jasmine said, “Put it to least to greatest.” Victor said, “Put it, put it from smallest
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to largest.” Joshua said, “Write the fractions from smallest to largest.” After a short 

pause, Michael said, “They want us to put the fractions in smallest to greatest.” Rachel 

said, “Put the um, smallest fraction. Then put the middle fraction. Then, put the largest 

fraction.”

Students were asked to read Problem 5 :1 had a piece o f rope, but someone cut off 

15 centimeters. When I measured the rope that remained, I found it was only 57 

centimeters long. How long was my original piece of rope? Students were asked, “Tell 

me what the question is asking you to do.” Some responses were one-word. Rachel said, 

“Divide.” Bobby said, “Add.” Victor said, “Subtract.” Several participants made an 

attempt to provide more than a one-word response, yet they still had trouble 

communicating the main idea or key facts in the problem. Joshua said, “To add up fifteen 

and fifty-seven centimeters.” Jasmine said, “They asking you how, how long is the 

centimeters gonna be.” Cory said, “How many centimeters.” Michael made another effort 

as he said, “Um [paused] somebody, cu-, she had fifteen, somebody cut off fifteen 

centimeters of rope and she found was only fifty-seven centimeters long. That’s how 

much she had.”

Students were asked to read Problem 12: Two exercise books and a pencil cost $2 

altogether. If the pencils cost 30 cents, how much does an exercise book cost (each book 

costs the same amount of money as the other)? Students were asked, “Tell me what the 

question is asking you to do.” Rachel gave a one-word response as she said, “Um. 

Multiply.” Victor and Cory both said, “Add.” Bobby said, “Subtract.” Joshua and 

Michael provided more than a one-word response. Joshua stated, “To add two and thirty.”
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Michael said, “Add,” but then also stated, “The pencil cost two. Wait, two erasers, a 

book, and a pencil cost two altogether. If the pencil cost thirty cent, how much does the 

eraser books cost?” Jasmine did something similar as she said, “They say, how much 

does an ex-grease book cost, each book costs the same amount of money as the other.” 

Students were asked to read Problem 14: Precious works in a shop each day from 

March 22 to March 26. If she earns $10 a day, how much did she earn altogether?. 

Students were asked, “Tell me what the question is asking you to do.” This time Joshua 

provided a one-word response and said, “Add.” Victor said, “Add, twenty-two plus 

twenty-six.” Bobby and Rachel appeared to be uncertain about the operation in which 

they were choosing. Bobby said, “Add. I mean [paused] multiply.” Rachel said, “How 

much means to subtract. I mean how much means to multiply.” There were three 

participants whose response did not refer to an operation. Cory stated, “How much 

money she had altogether.” Michael said, “She earned [paused] ten dollars a day to 

March twenty-second to March twenty-six. But if she earns ten dollars a day, how much 

money did she earn altogether?” Jasmine stated, “If she earns ten a, ten a day, see how 

much did she eam altogether with ten dollars.”

Students were asked to read Problem 15: Bella takes exactly 3 hours to walk 15 

km. How long would it take her (if she walks at the same speed) to walk 20km? Students 

were asked, “Tell me what the question is asking you to do.” Victor and Bobby provided 

a one-word response. Victor said, “Add.” Bobby stated, “Um, multiply.” Rachel said, 

“Um. It’s asking me to multiply again.” Joshua also provided an operation as he said, ‘To 

add three and fifteen.” Michael stated, “Bells takes three hours to walk at fifteen
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kilometers. If she walks the same speed it will take her twenty kilometers?” Jasmine said, 

‘They is talking ‘bout how speed is they going to walk a k-m.” Cory said, “To see 

[paused] how many milks.”

Transformation

Transformation means having the ability to identify an appropriate operation or 

strategy to solve the word problem. Transformation errors occurred when the participants 

were not able to choose an appropriate operation or strategy to solve the word problem.

Students were asked to read Problem 2: Here are three fractions: 1/3, 1/4, and 

1/10. Write these fractions in order of size, from smallest to largest. Small Fraction:

____________Middle Fraction:____________and Largest Fraction:______________ .

When the participants were prompted, ‘Tell me what you are going to do to find the 

answer,” many of them were not able to provide a strategy that would enable them to 

calculate the correct answer. Rachel said, “It’s up there. You just got to um, you cannot 

multiply. Well, you can. You can multiply.” Joshua said, “Write. Write the [paused] 

smallest fraction.” Jasmine said, “Cause you look right here [pointed at the denominator 

on 1/3] which is one is the leastest and the next one which is the middle [pointed to 1/4]. 

And this one is the large one [pointed to 1/10].” Michael responded with, “It’s just like 

counting one, two, three. It’s just like one-third is smaller than one-fourth, and one-fourth 

is sm-, is smaller than one tenth.” Bobby’s responded, “By [paused], by doing fractions.” 

Victor stated, “See which one is the smallest. Those, those three numbers.” Cory did not 

provide a verbal response. He simply pointed to each fraction. He pointed to 1/4, 1/3, and 

then 1/10.
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Students were asked to read Problem 5 :1 had a piece of rope, but someone cut off 

15 centimeters. When I measured the rope that remained, I found it was only 57 

centimeters long. How long was my original piece of rope? The participants were again 

prompted, ‘Tell me what you are going to do to find the answer.” Victor responded with 

a one-word answer, “Subtract.” Michael stated, “Put fifty-seven as the top. Gonna 

subtract.” Rachel said, “Um [paused], I need some scratch paper.” She began to write and 

then responded, “That ain’t enough right there. That’s only seven and the rest are fifteen 

[pointed at the tally marks on her scratch paper]. So that’s gone be times three.” Cory 

replied, “Add [paused]. Subtract [paused]. Fifty-seven plus fifteen.” Jasmine responded, 

“You gonna add fifty-seven plus fifteen and you gone add together. And seven plus five 

[paused] twelve, put twelve, put your one right there [pointed to the tens place] and six 

add one more and seven equals seven, seventy-two centimeters.”

Bobby said:

Um, no hold on. You subtract. Yeah, you plus. Yeah, you add fifty-seven plus 

fifteen [paused and began to write while talking aloud]. And seven plus five is 

twelve. And five times one, I mean five times two is seven and that’s the answer. 

While all o f the participants were prompted with the same prompt, there was one 

student who did not respond orally to the prompt. Joshua wrote his response instead of 

talking to explain what he did.

Students were asked to read Problem 12: Two exercise books and a pencil cost $2 

altogether. If the pencils cost 30 cents, how much does an exercise book cost (each book 

costs the same amount of money as the other)? The participants were prompted, “Tell me
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what you are going to do to find the answer.” Cory said, “Add thirty plus two.” Victor’s 

response was, “Add two dollars plus thirty cent.” Jasmine said, “So you gonna put thirty 

plus two dollars and add that right there and plus two. And three right there, so it equal to 

thirty-two.” Michael said, “The eraser and books still two dollars and we’re gonna add, 

and we’re gonna put [paused and wrote] thirty cents [paused]. Subtract, equals, now I’m 

gonna add that. That will be thirty-four?” Joshua said, “To add it, these two numbers.” 

Rachel said, “Multiply thirty times two.” [And then she wrote her answer]. Bobby said: 

You gotta subtract two, two [paused]. Hold on. Two dollars minus [paused]. No, 

it is, you gotta add. Add thirty plus [paused] plus [paused and began to wrote]. 

Fifty cents. [Erased and mumbled as he tried different amounts.] Alright, I tried 

seventy-five for the extinct books. You got zero, I mean five plus five is ten.

Carry the one. Seven plus seven fourteen. Plus three seventeen. Plus one more is 

eighteen, one eighty. [Erased and tried a different set of numbers.] I’m gonna try 

eighty. Zero times zero. I mean zero plus zero is zero and eight plus eight is 

sixteen plus three, nineteen, twenty. So it is eighty.

Students were asked to read Problem 14: Precious works in a shop each day from 

March 22 to March 26. If she earned $10 a day, how much did she earn altogether? The 

participants were again prompted with, “Tell me what you are going to do to find the 

answer.” Victor’s response referenced an operation. He said, “Add, twenty-two plus 

twenty-six. Bobby said, “Gotta multiply ten by [paused] add ten by four to make forty.” 

Rachel said, “Do twenty-six times twenty-two times ten.” Joshua responded with a 

question and asked if he could draw and then began drawing. Michael stated, “Start from
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March twenty-second to March twenty-six. And, we’re gonna add them ten dollars that 

she already earned.” Jasmine said, “You’re going to plus that to twelve plus one-third.” 

Cory said, “Add twelve plus one.”

Students were asked to read Problem 15: Bella takes exactly 3 hours to walk 15 

km. How long would it take her (if she walks at the same speed) to walk 20km? The 

participants were again prompted with, “Tell me what you are going to do to find the 

answer.” Jasmine began to write and then said, “And then you gonna put twenty plus 

fifteen.” Cory said, “Add twenty [paused] and fifteen [paused] plus three.” Michael said, 

“Twenty plus fifteen, plus three [paused] hours.” Joshua didn’t say anything. He just 

began writing.” Rachel said, “I’m gone multiply the big number. I’m gone multiply two 

thousand and five times, times twenty, times fifteen, times three.” Bobby began writing 

while talking and said, “Um, five times four equals twen -  twenty [pauses] twenty. So it’s 

four, four.” Victor responded, “Add three plus fifteen plus twenty.

Process Skills

Process skills are the components involved in applying mathematical knowledge. 

Process skills errors occurred when the participants were unable to appropriately apply 

the mathematical strategy or operation necessary to solve the word problem.

Students were asked to read Problem 2: Here are three fractions: 1/3, 1/4, and 

1/10. Write these fractions in order o f size, from smallest to largest. Small Fraction:

____________Middle Fraction:____________and Largest Fraction:______________ .

Students were asked to respond to the prompt, “Show me what you are going to do to get 

the answer and talk aloud as you do it, so I can understand your thinking.” Jasmine,
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Rachel, Joshua, Victor, and Michael ordered the fractions without talking or writing out 

explanations for their method of ordering and wrote 1/3, 1/4, and 1/10. In Bobby’s order, 

he wrote 1/4, 1/10, and 1/3, and did so without providing a strategy to explain his 

thinking. The only two of the seven participants who made an attempt to talk through this 

process were Joshua and Cory. Joshua just said the order in which he placed the fractions. 

Joshua stated, “One third, one fourth, and one tenth” and did not explain his strategy.

Cory made an attempt to show what he did to get the answer as he added the fractions 

together. Cory stated:

One [paused] equals three and one equals four. Then add. And three plus four is 

seven. And two, one plus one equals two. Then add [paused] two equals seven 

and one equals ten [paused]. Then seven plus ten, nineteen. Then carry my one, 

then [paused] one plus two equals three. Then add one more equals four [paused]. 

And, I’m gone do four equals nine and one equals ten [paused]. Nine time ten 

twenty-two. Carry my two, then two plus four [paused] equals six, then add one 

more equals seven.

Students were asked to read Problem 5 :1 had a piece of rope, but someone cut off 

15 centimeters. When I measured the rope that remained, I found it was only 57 

centimeters long. How long was my original piece of rope? The participants were 

prompted, “Show me what to do to get the answer. Talk aloud as you do it so I can 

understand how you are thinking.” Jasmine stated, “Seven plus five [paused] twelve, put 

twelve, put your one right there [demonstrated regrouping and pointed to carrying to the 

tens place) and six add one more and seven equals seven, seventy-two centimeters.”
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Michael said, “Put fifty-seven as the top. Gonna subtract [paused to complete the 

algorithm] forty-two.” Bobby said, “You add fifty-seven plus fifteen. And seven plus five 

is twelve. And five times one. I mean five times two is seven and that’s the answer.” 

[Bobby said times but used the addition algorithm]. Rachel began to work without 

talking. She then stated that she needed some scratch paper. After making several tally 

marks on the scratch paper, she said, “That ain’t enough right there. That’s only seven 

and the rest is fifteen. So that’s gone be times three. Now you gone subtract. Fifteen 

minus thirt...no, it is three. Do fifteen minus fifty-seven”. Cory said, “Five and seven. 

That’s one and five subtract [paused] five take away seven [paused] is two. One take 

away five is four, forty-two.” Joshua proceeded to write without talking. When reminded 

to talk aloud, he stated, “Five plus seven equals [paused] thirteen. And, one plus five 

equals six...plus one equals seven”. Victor stated, “Fifteen go up top, minus fifty-seven 

[paused] you gotta regroup.” He then proceeded to write without talking and then said, 

“fifty-eight”.

Students were asked to read Problem 12: Two exercise books and a pencil cost $2 

altogether. If the pencils cost 30 cents, how much does an exercise book cost (each book 

costs the same amount of money as the other)? The participants were prompted with, 

“Show me what to do to get the answer. Talk aloud as you do it so I can understand how 

you are thinking.” Jasmine said, “Put thirty plus two dollars and add that right there and 

plus two. And three right there, so it equals to thirty-two.” Michael said, “We’re gonna 

add, and we’re gonna put [paused and wrote] thirty cents. Subtract, equals, now I’m 

gonna add that. That will be thirty-four.” Bobby stated:
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Two dollars minus [paused]. No, it is. You gotta add. Add thirty plus [paused] 

plus [paused and wrote] “fifty cents.” [Erased and mumbled as he tried different 

amounts.] Alright, I tried seventy-five for the extinct books. You get zero, I mean 

five plus five is ten....

Rachel said, “That’s zero. Three times, that’s gone be sixty dollars. Sixty cent.” Cory 

said, “And do three and [paused] and zero [paused] and put two [paused] then add 

[paused] then zero [paused] plus two equals [paused] two. Then bring down your three.” 

Joshua said, ‘Two plus zero is two, plus three.” Victor talked minimally while working 

out the problem. When he did speak, he said, “Two and thirty cent. Zero, fifty cent.”

Students were asked to read Problem 14: Precious works in a shop each day from 

March 22 to March 26. If she earns $10 a day, how much did she earn altogether? The 

participants were prompted, “Show me what to do to get the answer. Talk aloud as you 

do it so I can understand how you are thinking.” Victor stated, “Add twenty-two plus 

twenty-six. Forty-two.” Joshua began writing without talking and then made a gesture for 

assurance. After being prompted to continue, he proceeded without talking again. Then as 

he began to talk, he said, “Um, two plus six equals eight. And two plus two equals four”. 

He then pointed to his answer, “48”. Cory said, ‘Two [paused] that’s six. Two [paused] 

and two [paused] and ten [paused] add six plus two equals eight [paused]. Add two plus 

two equals four, then add one more equals five.” Rachel stated, “Six times two. That’s 

twelve. Two times two is four. Four plus one, that’s five. One plus five, that’s six. Since 

he got sixty-two a day. Six-two dollars a day.” Bobby said, “Gotta multiply ten by 

[paused] add ten by four to make forty. So, that’s my number forty.” Michael replied,
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“Two, that’s twenty-two, that’s ten, twenty-three, twenty-four, thirty five, then six. That 

will be fifty dollars then plus ten, that will be sixty.” Jasmine said,

You gonna recount it back again. Ten times ten [paused, wrote, and talked]. Ten 

times ten. Ok, that equals zero. And then that equals to ze-, wait [erased]. This is 

supposed to be one hundred. And so that’s one hundred.

Students were asked to read Problem 15 (Bella takes exactly 3 hours to walk 15 

km. How long would it take her [if she walks at the same speed] to walk 20km?). The 

participants were prompted, “Show me what to do to get the answer. Talk aloud as you 

do it so I can understand how you are thinking.” Cory said, “Two [paused] plus zero 

[paused]. One and five and three plus [paused] five plus three [paused] equals eight 

[paused]. Then two [paused] plus one equals three.” Bobby said, said, “Twenty plus 

fifteen. That equals five and that equals to thirty-five so the answer is thirty-five.” 

Michael began to work without talking and then said, “It will take thirty, thirty-eight 

hours.” Victor said, “Add three plus fifteen plus twenty. Thirty-eight.” Rachel replied:

Ok. That’s gone be five, then put five and then add five more and that gone be 

twenty-five, twenty-six, twenty-seven, twenty-eight. That’s gone be twenty-eight, 

put your eight then carry your two then zero. Then that’s gone be two times two 

then that’s four. That’s gone be plus one that’s five then bring down that zero. 

Then bring down that two. And get two o-five. Two, twenty fifty-eight.

Joshua said, “Three plus five equal six. Seven? Seven. And [paused] bring down my 

one.”
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Encoding

Encoding is a component of language in which the reader is capable of expressing 

the solution to the word problem in an acceptable written form. Encoding errors occur 

when the participants are not able to obtain the accurate solution to the word problem. 

Below are the participants’ written responses as they were copied and pasted from their 

original work.

Students were asked to read Problem 2: Here are three fractions: 1/3, 1/4, and 

1/10. Write these fractions in order o f size, from smallest to largest. Small Fraction:

____________Middle Fraction:___________ and Largest Fraction:______________ .

Participants were prompted, “Now write down your answer to the question.”

Rachel wrote:

: Here are three fractions: LG, 1/4, and 1/10. Write these fractions in order of size, from

smallest to largest. Small Fraction^  I 5 ______  Middle Fraction: and

Largest Fraction: A m _____

Victor wrote:

ere are three fractions: 1/3,1/4, and 1/10. Write these fractions in order of size, from

smallest to largest. Small Fraction: )  / . A  Middle Fraction:  and

Largest Fraction: ) / \ 0



Jasmine wrote:

2/&GR, are three fractions: 1/3,1/4, and 1/10. Write these fractions in order of size, from 

smallest to largest. Small Fraction: I /  C Middle Fraction: I / ' ^  and

Largest Fraction: I \  \ [ j

Michael wrote:

^  ̂ Here are three fractions: 1/3,1/4, and 1/10. Write these fractions in order of size, from 

smallest to largest. Small Fraction: i/ 3  Middle Fraction: and

Largest Fraction: i / I D
Joshua wrote:

Here are three fractions: 1/3.1/4, and 1/10. Write these fractions in order of size, from

smallest to largest. Small Fraction: iV ______  Middle Fraction: i / _______ and

Largest Fraction: : / i t _______

Bobby wrote:

Here are three fractions: 1/3, 1/4, and 1/10. Write these fractions in order of size, from 

smallest to largest. Small Fraction: 1 j    Middle Fraction: \j\C ) and
f

Largest Fraction: \ [ 'X________
I

Cory wrote:

“'Tlere are three fractions: 1/3, 1/4, and 1/10. Write these fractions in order of size, from

smallest to largest. Small Fraction:  ______ Middle Fraction:____________and
I ^

Largest Fraction:______________j \̂ J o) /^~J /  C

T | \ 4  4_ ; / * A  ■ \ i : /  ,
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Students were asked to read Problem 5 :1 had a piece of rope, but someone cut off 

15 centimeters. When I measured the rope that remained, I found it was only 57 

centimeters long. How long was my original piece of rope? The participants were 

prompted, “Now write down your answer to the problem.”

Michael wrote:

Cory wrote:

5 1

- I S

Victor wrote:

Joshua wrote:

+  5 7
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Rachel wrote:

r i  h i '
+ \  v

Bobby wrote:
\

it sn
■ t ' -  _ _

" p P

Jasmine wrote:

I
r-'
O  ;

i •

V

Students were asked to read Problem 12: Two exercise books and a pencil cost $2 

altogether. If the pencils cost 30 cents, how much does an exercise book cost (each book 

costs the same amount of money as the other)? Participants were prompted, “Now write 

down your answer to the question.” Jasmine, Cory, Joshua, and Rachel responded in a 

similar manner.
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Jasmine wrote:

J ^ T v /o  exercise books an^f& hcjfcost $2 altogether. If pencils cost 30 cents, how much 

does an exercise book cost (each book costs the same amount of money as the other)?

K

Cory wrote:

J£f1w o exercise books and a pencil cost $2 altogether. If pencils cost 30 cents, how much 

does an exercise book cost (each book costs the same amount of money as the other)?

30

3 *

Joshua wrote:

^p^fw o exercise books and a pencil cost $2 altogether. If pencils cost 30 cents, how much 

does an exercise book cost (each book costs the same amount of money as the other)?

-2

Rachel wrote:

Two exercise books and a pencil cost $2 altogether. If pencils cost 30 cents, how much 

does an exercise book cost (each book costs the same amount of money as the other )?<L
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Michael wrote:

/f lT w o  exercise books and a pencil cost $2 altogether. If pencils cost 30 cents, how much

does an exercise book cost (each book costs the same amount of money as the other)?

\ ^

Victor wrote:

^ l^ fw o  exercise books and a pencil cost $2 altogether. If pencils cost 30 cents, how much 

does an exercise book cost (each book costs the same amount of money as the other)?

3 ?  

C M -

Bobby wrote:

i «
y  a

i2vfwo exercise books and a pencil cost $2 altogether. If pencils cost 30 cents, how much .no
does an exercise book cost (each book costs the same amount of money as the other)?

Students were asked to read Problem 14: Precious works in a shop each day from 

March 22 to March 26. If she earns $10 a day, how much did she earn altogether? 

Participants were prompted, “Now write down your answer to the question:”
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Rachel wrote:

/l^Precious works in a shop each day from March 22 to March 26. If she earns $10 a day, 

how much altogether did she earn?

Cory wrote:

'KT Precious works in a shop each day from March 22 to March 26. If she earns $10 a day, 

how much did she earn altogether? a 6

+  '  o
VT 8

Victor wrote:

Bobby wrote:

1 0  

y  k
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Jasmine wrote:

1 0

W  O  .

' I W

Michael wrote:

^ 0  

Joshua wrote:

n r r

Students were asked to read Problem 15: Bella takes exactly 3 hours to walk 15 

km. How long would it take her (if she walks at the same speed) to walk 20km? 

Participants were prompted, “Now write down your answer to the question:”

\ 0

\ ^ >
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The participant, Rachel, misinterpreted the reference at the end of the word 

problem. She noticed and read, “(White, 2005),” at the end of the problem. She included 

the number “2005” in her computation.

Rachel wrote:

Z.C65 V&l

Victor, Michael, and Cory had the same solution.

Victor wrote:

^ l^ tfe lla  takes exactly 3 hours to walk 15 km. How long would it take her (if she walks at 

the same speed) to walk 20 km?

£

+y>
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Michael wrote:

J ^^cW a  takes exactly 3 hours to walk 15 km. How long woulcFit dfce her (if she walks at 

the same speed) to walk 20 km?

3

Cory wrote:

^XfSella takes exactly 3 hours to walk 15 km. How long would it take her (if she walks at 

the same speed) to walk 20 km? ^  Q

) 3

+  3 .

3 3

Bobby’s approach was using a different operation that the others. He wrote:

/ f ^ B e l la  takes exactly 3 hours to walk 15 km. How long would it take her (if she walks at 

the same speed) to walk 20 km? ^ )

7 *



102

Joshua wrote:

1>- f^ella takes exactly 3 hours to walk 15 km. How long would it take her (if she walks at 

the same speed) to walk 20 km?

Jasmine wrote:

^ j^ B e lla  takes exactly 3 hours to walk 15 km. How long would it take her (if she walks at 

the same speed) to walk 20 km?

The second research question (i.e., what factors contribute to the types of 

mathematical errors made in word problems completed by fourth graders who attend a 

school in a low SES community?) guided this component of the study. Mathematical 

errors occur when students have insufficient mastery of knowledge that generates 

creativity and imagination when embarking upon a new situation; the result reveals 

inadequate knowledge o f the material being presented. The factors that contributed to the 

types of mathematical errors the participants made as it related to this study and

Factors that Contribute to Mathematical Errors
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addressed in this section are: substitutions, omissions, insertions, reversals and teacher 

told.

Substitutions

A substitution is the replacement of a written word in the problem when the 

participant is reading the problem aloud. Four of the seven participants (Jasmine,

Michael, Victor, and Joshua) did not make any substitution errors for Problem 2: Here are 

three fractions: 1/3, 1/4, and 1/10. Write these fractions in order of size, from smallest to

largest. Small Fraction:____________Middle Fraction:____________ and Largest

Fraction:_____________ . Rachel, Bobby, and Cory made oral substitution errors that

contributed to their mathematical errors as they were copied and pasted from the 

researcher’s original notes.

Rachel stated:

2 Here are three tractions. One^third, on^fourth (mp on^tenin.(W ritp th e s e ^ 't ^
> 4 ^  /  \///r X ✓-- "N.

fractions in order o f  size, from smalles1(toflargestYSmall)Fraction

A J* s '  y
Middle Fraction: and Largest Fraction.

(29 Words) » _  g ; - l -
IGp j  lp _5s_

■ < E >

0 : 3 :I:
R.
S O . ______
T: 15^  WO
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Bobby stated:

2. Here are three tractions. One.ihird. oneJourth and oneienth. Write these 
/  .r /  ^  /  ,  *  y

^  ^  y / w ' V  ,  y  y  A  /  . / 11P /tractions in order o f size, from smallest to |argest. Small Fraction.
lAe^'^fr / --------- -n ^
Middle (Eraction/ and Largest Fraction

(29 W ords)
S: Ch

T: gt—

Rpt:^§_n o . : -  “pS

Cory stated:

t ^ t -L

2 Here

• « ^   ̂ ^  C4. in
J  A  hftVC- J  ^  j  JE four J  /j* -hn ^  Ix^ I 

are three fractions. One.third, one fourth and one tenth. Writefthesej

Gfy»ch> / |  ̂ * ciSy , 64'^ y [  ^  ^  A  S  c=> '̂fractions in/order of size, fromlsmallest tollargest. Small Fraction!
of" VipVJ^ ^

Midale Fraction:

(29 Words) C,

Largest Fraction:

s r —
L p

\ A f c ( j 3 )

&

Six of the seven participants did not have any substitutions for Problem 5 :1 had a 

piece of rope, but someone cut off 15 centimeters. When I measured the rope that 

remained, I found it was only 57 centimeters long. How long was my original piece of 

rope? The response of the remaining participant was:
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Cory:

✓ A /

At/

^  ^ i  1 ^  i / i5.1 I hadla jpiece of rope, butBomeonelcutfofF fifteenicentimetersJ Whenfi I

** * hk> /  J l . /  '  i /^  i W f y j h  ^ \ \ 4 * 1 \ < P \ S \  /  ^  I ymeasured the ropelthat/remained^ I wound ltjwaslomyl fifty sevenlcentimeters

o%  ? (36 W ords)

9 R.)
0 -** ,=r?—•
X X 2 L F

N / l / O ©

2=)

Rachel was the only participant who did not make any substitutions for Problem 

12: Two exercise books and a pencil cost $2 altogether. If the pencils cost 30 cents, how 

much does an exercise book cost (each book costs the same amount of money as the 

other)? The responses of the other participants were:

Joshua:

 ̂ . S >y J \J . v/ I v /  y  \ /  y  «*/^  v /  v /  J  J J  / I /  y  \S S ^
2 . Two exercise books and a pencil cost/two dollars altogether. If pencils cost

v x  y y  y  y kVrfy' y   ̂  ̂ y y ^  y  /
thirty cents, how much does an exercise book cost (each book costs the same

yX" y y  y  y  y
amount of money as the other)9 (33 W ords)

Rpt: 0f ̂  .©
( S B

SO : _ i 2 _  
T:
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Jasmine:

St—

^  y  S '  y  S  S  ^  ^  ^  ^  ^  ~12 Two exercise books and a pencil cost two dollars altogether. If pencils cost

\ /  ^  ^  ^  ^  y  Q, t ^ - a\ V''' \ X  ^  t,
thirty cents, how much does an exercise book cost ( each book costs th

/  y  y  y
amount ot money as the other)? (33 W o rd s)

y  \ y
e same

Victor:

X
12. Two

y  y  y '  \ S  y  ^
Exercise books and^^ppencil cost two dollars altogether. If pencils

x '  '  ' - c ^ ® 5^ .  S  y  - '
xercise book cost (each bo<

cost

\y v - X  \ /  y  y  . X
thirty cents, how much does an exercise book cost (ea

\ X  X  y  ^  v /
amount o f money as the other)? (33 W ords)

' X  ^  * y
ok costs the same

Rpt:

LP:
SO:

Michael:

X j  X  y  y  /  /  /  x-— -N, y  y  /
12 Two/e^ercise books and a pencil cost two(dollare)altogether If penc

X  /
ils cost

y  y  y  y y iyu o^ y  s  y  y  y  ^  y
thirty cents, how much does ah exercise book cost (each book costs tire same

y  y  ^  /  y  y
amount ot money as the other)'.’ (33 W ords) *•.
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Bobby:

y  c/,y /  /  . y  /  ^  y  y  y  y
12.Two exercise books and a pencil cost two dollars altogether. It pencils cost 

mucS dofs^atf e tlrc ise  book cost f e a d ^ o ^
/  y  ^

tliirty cents, how

^ r fn ^ n ^ ^ o n e ^ a ^ ^ o th e ^  (33 Words) 

s ^

Cory:

12^Tv'd^xe^istil

O - f(*
r ^ f j c , y y, o f t *  .

y  I
thirty! cents! how

- T  A c
amount ot

y  v/ /books and a pencil kostltwo dollars!altogether

, r T i m  ' ^ kmucnfioes/an fexerctsq book

I c V ^ k L  /  Gr^
pronev 4s tne other)?

/ y

t./.

(33 Words)

Inpencils
Ca t *

cost

each book costs tXe safhe

Six of the seven participants made substitutions while reading Problem 14: 

Precious works in a shop each day from March 22 to March 26. If she earns $10 a day, 

how much did she earn altogether? The only participant who did not have any 

substitutions was Victor.
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Rachel read:

(JL
i K # r  y  / y  s  y" i / y  v /  v /  c /

141 Precious works in a shop each day from March twenty second to March
1 ^  i /  ✓ ✓  ^  ✓  J
twenty sixth If she earns tep^oH ars)a day, how much^did she earn

together? 7^8 W ords) RpC
SC: - 
LP:'

SO:
WCi

Joshua read:

I R e C 'C ^ /  v /  y v /  J  V /  v /  v /  i /  ^  y  y
14.Precious works in a shop each day from M arch twenty second to March

y ^  y  y  ^  y  y  y  y  y  y  y
twenty sixth It she earns ten dollars a day, how much did she earn 

altd^ether9 (28 W ords) Rpfc
SC:
LP:

SO: g5
V  ■ WC:

Bobby read:

i y  y  /  / J  y  y  y  y  S  y  y
141Precious works m a shop each day from March twenty second to March

y  y  y ^  y  —\y  w/   ̂ , / A y *  y  y
twenty sixth. If she earns ten pollarsjn day, how much aid she earn 

altogether7 (28 W ords) ® —j—  __

; S  ■ ©  *
SO: 12>

T: 0  HC(
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Jasmine read:

s j  s  s  , /  s  s  y  ^
14 Precious works in a shop each day from March twenty second to March

\ /  ^  y  ^  ^  i /  1/  \S
twenty sixth If she earns ten pollagj a day, how much did sne earn

altog'&ffieer'7 (28 W ords) s
o
I:
R:
'= :3 c i E:i

soT& Z  
T-—S3—

SC: I
L P : ^

WC

Cory read:

( I
i „ t  1 x ^ \  J 4 /  n ’(Precious tworks in abnop eai __  ___

'  J y'entv sixth. 11 sne earns

L^ \ A  S (\^
each day froml March

ten dollars a day, howtwenty

altogether9 (28 Words) s: ,J 5
?:;3 z  e
ft- -y
SO: j r _
T:__3r

VS
y

twenty' second 

nuchiaid sne

to/March

Rpt:
SC:
LP JH

Rachel, Joshua, and Victor did not make any substitution errors for Problem 15: 

Bella takes exactly 3 hours to walk 15 km. How long would it take her [if she walks at 

the same speed] to walk 20km? Bobby and Jasmine substituted words.



Bobby read:

15 Bella takes exactly three nou
y  ^  . y  ✓ y  y  y  y
ours to walk fifteen kilometers. How long would it

talce fie r ( il^hew alks atJthe same speed)^w ahTtw enty kilometers? (26 

W ords)
S: 2 .
o - .z t z
I -
R 0 .
so. a 
T : _ ^ L _

Rp«: JL-

wc

Jasmine read:

_y Bella taices
y  y  y  y  y  k -r̂  y y  y  y

exactly three hours to walk fifteen kilometers. How long would it

y  y  y y^ y  y  y  y  y  r y~*
take her (if she walks at the same speed) to walk twenty kilometers? (26

W ords) Rp*: Jo—

Michael read:

v/ / 1 y ,  j  y  s  /5.Bella takedexactly] three hours to walk fifteen kilometers. How long would it

\_y c/  ^ y  \~y ^  ^  yy  ^  ^  ^  \ ^ y
take her (if  she walks at the same speed) to walk twenty kilometers? (26

W ords) R f*42_
SC:SC: > 9r
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Cory read:

l O ^ p O r ^ t e r f ^ 5 > / \ o ^  J  I f t b f i  J \
151 Bel lakakesl exactly threelhours to walklfifteenlkildmetersl How longfwould it I

/ \ ^ 0 ^ % ^ ^  J  K 'lf \
takdher/ifshekvalks/at the same Speed) to walk twenty kilometers? (26

W ords)
Rp»:
SC:
LP:'E:

Omissions

An omission error occurs when a word is left out or skipped while the reader is 

reading aloud.

Victor, Joshua, Jasmine, Michael, and Cory did not omit any words while reading 

Problem 2: Here are three fractions: 1/3, 1/4, and 1/10. Write these fractions in order of

size, from smallest to largest. Small Fraction:____________Middle Fraction:

____________and Largest Fraction: . Bobby and Rachel made omission

errors.
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Bobby read:

y  y  y y  / ^ i w  y  v /
2 Here are three fractions O n^ihird, one^fourth and one^enth. Write these

^  ^ y ^ y  y  A  y  y  y
fractions in order of size, from smallest to largest. Small Fraction.

* /* '“‘S
M iddleCfaction/ ______ and Largest Fraction:

(29 W ords)

Rachel read:

ri ft>2. Here are three tractions. One^third, on^fourth (^oni^tenrh.Q W hy th e s e ^ 'C

v/ s  y  s ? ^ ' y  y  s ~ ^ y  -v-'—~n ^fractions in order of size, from smaflesytopargestjr SmalyFfaction.

 ̂ y  s  y  c? )y  y
Middle Fraction:   and Largest Fraction.

(29 W ords) * J 2 y  1 % - b -
I6> ) LP. m ._

There were no omission errors for Problem 5 :1 had a piece o f rope, but someone 

cut off 15 centimeters. When I measured the rope that remained, I found it was only 57 

centimeters long. How long was my original piece of rope?

Joshua, Jasmine, and Cory did not have any errors for omission errors for 

Problem 12: Two exercise books and a pencil cost $2 altogether. If the pencils cost 30 

cents, how much does an exercise book cost (each book costs the same amount of money



as the other)? Rachel, Michael, and Victor made one omission error each; Bobby made 

several.

Rachel read:

/ i  ' T  J /  s — N V  /  >/ /
12 Two/exercise books and a pencil cost tworaollany&ltogether. If pencils cost

✓ y  ̂ y y y y y y  /  ^ yy ^
tlmtv cents, how much does an exercise book cost 1 each book costs the same

y  /  J  S s  • /
amount o f money as the other)? (33 W ords)

s   Rp»:
'• J Ef S  . ( 2 v s £

T: I r Wl

Michael read:

y  J s y j  / /r------^  y  y /  /
12 Two/exercise books and a pencil cost two(dollars)altogether If pencils cost

y  y  ^  ^  ^ /  y  y  y /
thirty cents, how much does an exercise book cost (each book costs the same

y  s  s  /  s * —
amount ot mone> as the other)'7 (33 Words) *•.-
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Victor read:

books a n ^ J p e n ^ c o s T i^ o  dollars alt'ogether. If pencils cost 

fexercts

12 T w o j^e rm se l

\ y  v X  ^  y/\ ^  \ S  y * /
thirty cents, how much does an exercise book cost (each b<

v /  -/ /  ✓
amount o f money as the other)? (33 Words)

s :_ ;
O:_
I:_1

ook costs the same

R: ft

T°1̂

Bobby read:

y  < s xy  s  k/  ^  y  y  y .  ^
12 Two exercise books and a pencil cost two dollars altogether. If pencils cost 

thirty cents, how mucd d o ^ a rfe ^ n c ise  book cost feacIfrbook)(bsts hl> e tame')

^fnoun^ ^  (33 W ords)

Sr ° i

Joshua, Cory, and Michael did not omit any words for Problem 14: Precious 

works in a shop each day from March 22 to March 26. If she earns $10 a day, how much 

did she earn altogether? Jasmine, Rachel, Victor, and Bobby omitted words.



Jasmine read:

t y y  s ’/  /  v/ y  y  y  y '  -W* /  ^
14 Precious works in a shop each day from March twenty second to March

\ S  y  y  ^  ^  4 *— "x l /  y  ty  y '  y  y  ^
twenty sixth, If she earns tengojjaj# a day, how much did she earn

altogWieer9 (28 W ords)
o A -

Rachel read:

y
i v *  y  ✓ y  /  < . y . y  . y . y  ^  y . r " ,14|Precious works in a shop each day from March twenty second to March
I ^  ✓  i / y  ^  s J < 0 * 'W y y ,i
twenty sixth. If she earns teT̂ doUars)a day, how much^did she earn 

fogether?T?8 W ords)

1
so.

WC|

Victor read:

\ Z  y  y  J  y  y  y  , y  ^  y  y  y  < y
14|Precious works in a shop each day from March twenty second to March

y '  y  y  y  y  y  ✓ y  y  s ,—  ̂y  ✓
twenty sixth If she earns ten dollars a day, howftnucnjdid she earn

y
altogether9 (28 W ords) S; g s  r p*: g

L _  j lp _ _ l



Bobby read:

I /  y /  / /  ■/ 1/  y  y y  y
141Precious works in a shop each day from March twenty second to March

y  y  y  y  y  ^  ^  ^  y  y
twenty sixth. If she earns tenfloH ars^ day, how much did she earn

altogether? (28 W ords) *■ —j—  * £ :-
\ - j S ~  z J jL ) l p “

T ° ^ _  W C ( £ ^ )

Rachel, Jasmine, Michael, Cory, and Joshua did not have any omission errors for 

Problem 15: Bella takes exactly 3 hours to walk 15 km. How long would it take her (if 

she walks at the same speed) to walk 20km? Victor and Bobby had one omission error 

each.

Victor read:

\ S  /  /  y  y  y  /  y  1 /  S  y  y  y
15 Bella taKes exactly three hours to walk fifteen kilometers. How long would it

I . s  /  y  /  s  x  ,  /  . • ✓y  y  y y  y  ~ y  y  y  j/ /  v  y
take her (it she walksM jthe same speed) to waJk twenty kilometers? (26 

W ords)
S:J2L_ R*:_£L
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Bobby read:

y  y  S '  \y
5 Bella takes exactly three lrours to walk fifteen kilometers. How long would it

/  s y  < - f /  /  ^
take her (if she walks at/the same speed)(to)walk twenty kilometers? (26

Words)
s J L -  

° ±R: <a 
J2-

Insertions

An insertion error takes place when the reader inserts a word that is not in the 

written sentence. The only word problem in which participants made insertion errors was 

Problem 2.

Jasmine, Michael, Joshua, and Victor did not have any insertion errors for 

Problem 2: Here are three fractions: 1/3, 1/4, and 1/10. Write these fractions in order of

size, from smallest to largest. Small Fraction: Middle Fraction:

___________ and Largest Fraction:_____________ . Cory, Rachel, and Bobby made

insertion errors.
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Cory read:

t Tt t 1 4 -

/  ..hAVc J  ^ 4 u r ,  /  S 3  'hn  ^  I n ?  |
ihd one.tenth. W ritep ese l(Here al̂ e tHree fractions One.third, one fourth a:

. , , A
cy*ah) \ / \  ^  A  A  V A '^ 'ifractions in/order of size, from! smallest tollargest. Small Fraction! 

Midfei
Y vV icb  

He Fraction:

(29 Words)

A  -^fQrn 
Largest Fraction:

0 - —

±

•—

^ r T ~

s n -----

Lp
* ( S )

A4

Rachel read

' A x w o y  s '
2 Here are three fractions. ~..„A.............. ~    y ̂ A A

d'tvc- s  s  s//' s'^ s' s ' ' — s yfractions in order of size, from smallest tomargest/SmalDFraction.

A J> s
Middle Fraction:

&

s '  /■ £t>ions. One^third, on^fourth gnpon^tentnQ V ntp th e s e ^ 'C '

As s  s' ^ — n / —  ̂ i /

✓< rpp  y
and Largest Fraction.

(29 Words)



Bobby read:

y  y  y  y  / / y f . ^ <  y  y
2 Here are three tractions. O nejhird, one/ourth  and one tenth. Write these

^ J  y  y  A  y  s  y
tractions in order o f size, from smallest to largest Small Fraction .

lAwta* / ------;— s y
___________  M iddleC factiory_____________and Largest Fraction:

(29 W o rd s) ■ 1 Q _ )  LP:

Reversals

Reversals are reading errors that are identified when a reader reverses the order of 

the way the words appear in the sentence. The only word problem in which a participant 

made a reversal error was made was for Problem 14: Precious works in a shop each day 

from March 22 to March 26. If she earns $10 a day, how much did she earn altogether? 

Rachel read:

'0i ' y  sy /  y vy . y y y .✓ y ,
14|Precious works m a shop each day from March twenty segpnd to March

1 y  y  ✓  ✓  y  ✓  W
twenty sixth If she earns ten(dollars)a day, how mucl 

Words)
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Sounding Out

Sounding out errors occur when words are pronounced incorrectly. These are 

things such as misuse of syllables. There were no sounding out errors made by any o f the 

participants for any of the word problems.

Teacher Told

Teacher Told errors occur when the teacher has to tell the student what a word is 

because the students asks. As the prompt reads, “Read the question to me. If you don’t 

know a word, tell me.”

Cory needed reading assistance with Problem 2: Here are three fractions: 1/3, 1/4, and 

1/10. Write these fractions in order of size, from smallest to largest. Small Fraction: 

____________Middle Fraction:____________and Largest Fraction:_____________ .

Cory:

1 1 tk  ^ <4 in
1-^  J  i /  /  _££>ur J  -hn ^  I

2 IHere are three fractions One.third, one fourth ahd one tenth. Write|thesej

fractions in/order of size, from!smallest tollargest. Small Fraction!
o f- y  ^ ro rn
idnle Fraction: ___  ___andjLargest Fraction:

£L_-=^
Midi

-L

(29 Words) ^

R
S I

15
S T —

L p

■T”. -^T I -<r / - t"  TT 1 , /  , y  J?

Cory needed reading assistance with Problem 5 :1 had a piece of rope, but 

someone cut off 15 centimeters. When I measured the rope that remained, I found it was 

only 57 centimeters long. How long was my original piece of rope?



i /  A *
5.| I hadla {piece

x v  

of

measured the

pope, butjsomeonejcutporf fifteenjcentimetersj Whenjl |

remainedined^ I ftound it|was|on1y| fifty sevenjcenhmeters

^  ̂  A T ) £gt
S I I2 2 - R . \

0 — F n —-

X T 2

rope? (36 W ords)

T J

\ A / G ( j 2

Rachel and Cory needed reading assistance with Problem 12: Two exercise books 

and a pencil cost $2 altogether. If the pencils cost 30 cents, how much does an exercise 

book cost (each book costs the same amount of money as the other)?

Rachel:

y  I < y s y . j  y
12.Two/exercise books and a pencil cost two

V /  J y
Itogether. If pencils cost

/ v y v/ y y  y  y y  r/ y y ^
th u t\ cents, how much does an exercise book cost (each book costs the sa

s  y  S s s
amount ot monev as the other)0 (33 W ords)

same

0:11“  
l: IT

SO : i b  ^ — AI J

x



rj,,  <f
’r i . s  / ,  < # * « & ] -T
costltwo dollarsi altogether

V w . t A  / ,  ✓

L/Pfal>tf\ \ v /  v/ /  f
I ZlTwdlexeFeisabooks and a pencil

/ 1 c J h ^ f  ^ ' f a f y / l
thirty I centsi how muichpoes/an fexercisd book

amount ofh?one\ Vtffe o?haf)7 (33 W ords)

/ " ^ N  * *

. f ®

Ifjfpencils 

each book costs tKe Isafne

SO:
T

LP:

WC( B ] .J<;

Cory needed reading assistance with the name “Precious” and the word 

“altogether” on Problem 14: Precious works in a shop each day from March 22 to March 

26. If she earns $10 a day, how much did she earn altogether?

I " T  \ & \ J  J , $  \ A < 5 q ^ '
14|Preciousrworki m a shop each day Froml March

u I  ,i Ifc i  A  i f Ltwenty sixth, it sne earns ten dollars a day, how 

altogether'’ (28 W ords) S:J 3  . Rpt:

t ± :  ^

y  V ^ i / /
twenty second to/March

muc

R: J r
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Cory needed reading assistance with the word “speed” on Problem 15: Bella takes 

exactly 3 hours to walk 15 km. How long would it take her (if she walks at the same 

speed) to walk 20km?

v / \ 0 ^  J  I ^ " 1 ^  J \
ijBellattakeslexactly threeuiours to walk fifteenlkilometersl How longhvould it /

/ | < ^ i ‘V  / « # •  j  K - i r \
takelheriifshe jwalk^at the same speed) to walk twenty kilometers? (26

W ords)

For each o f the word problems, all o f  the participants had reading errors that 

contributed to their understanding of the mathematical context or concepts needed to 

derive at a correct response. There were six different reading errors types or factors that 

contributed to their mathematical errors and they contributed to the mathematical errors 

they made while completing the word problems. The six specific reading errors included 

substitutions, omissions, insertions, reversals, sounding out, and teacher told. The 

collaboration of these errors determined whether or not the participants had the ability to 

read with accuracy; therefore, resulting in their ability to comprehend. Below is a 

collaboration of the six reading errors each participant made and how each one read each 

word problem.

For Problem 2: Here are three fractions: 1/3, 1/4, and 1/10. Write these fractions

in order of size from smallest to largest. Small fraction:_________ Middle fraction:

________ and Largest fraction:___________., Rachel responded, ‘There are three
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fractions. One and a third, one and a fourth, one over ten. These are the fractions in order 

of the size, from smallest fraction, middle fraction, and largest, largest fraction.”

Victor said, “Here are three fractions. One third, one fourth, and one tenth. Write 

these fractions in order of size, from smallest to largest. Small fraction, middle fraction, 

and largest fraction.”

Bobby replied, “Here are three fractions. One slash three, one slash four, and one 

slash ten. Write those fractions in order from size, from smallest to largest. Small 

fraction, medium, and largest fraction.”

Jasmine explained, “Here are three fractions. One third, one fourth, and one tenth. 

Write these fractions in order of size from smallest to largest. Small fraction, middle 

fraction, and largest fraction.”

Michael stated, “Here are three fractions. One third, one fourth, and one tenth. 

Write these fractions in order o f size from smallest to largest. Small fraction, middle 

fraction, and largest fraction.”

Joshua said, “Here are three fractions. One third, one fourth, and one tenth. Write 

these fractions in order of size from smallest to largest. Small fraction, middle fraction, 

and largest fraction.”

Cory stated, “What are three have. One half three, one half four and one half ten. 

What has equals in reference o f said, from smallest to largest. Same have of halves and 

largest from.”

For Problem 5 :1 had a piece of rope, but someone cut off 15 centimeters. When I 

measured the rope that remained, I found it was only 57 centimeters long. How long was
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my original piece of rope? Rachel said: “I had a piece of rope, but someone cut off fifteen 

centimeters. When I measured the rope that remind, I found it was only fifty-seven 

centimeters long. How long was my organism piece of rope?”

Victor said, “I had a piece of rope, but someone cut off fifteen centimeters. When 

I measured the rope that remained, I found it was only fifty seven centimeters long. How 

long was my orginal piece of rope?”

Bobby said, “I had a piece of rope, but someone cut off fifteen centimeters. When 

I measured the rope that remained, I found it was only fifty-seven centimeters long. How 

long was my ordinary piece of rope?”

Jasmine said. “I had a piece of rope, but someone cut off fifteen centimeters.

When I measured the rope that remained, I found it was only fifty seven centimeters long. 

How long was my originagal piece of rope?”

Michael said, “I had a piece of rope, but someone cut off fifteen centimeters.

When I measured the rope that remained, I found it was only fifty-seven centimeters 

long. How long was my ordinary piece of rope?”

Joshua said, “I had a piece of rope, but someone cut off fifteen centimeters. When 

I measured the rope that remained, I found it was only fifty-seven centimeters long. How 

long was my original piece of rope?”

Cory said, “I was a picture had all there each frame off fifteen centimeters. Would 

I would the reference had went I was it ask of fifty-seven centimeters a lot. What lot of 

my own people was rope?”
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For Problem 12: Two exercise books and a pencil cost $2 altogether. If pencils 

cost 30 cents, how much does an exercise book cost (each book costs the same amount of 

money as the other)? Rachel said, “Two exercise books and a pencil cost two altogether. 

If pencils cost thirty cents, how much does an exercise book cost, each book costs the 

same amount of money as the other?”

Victor said, “Two excress books and pencil cost twelve dollars altogether. If 

pencils cost thirty cents, how much does an excress book cost, each book costs the same 

amount of money as the other?’

Bobby said, “Two exceed books and a pencil cost two dollars altogether. If 

pencils cost thirty cents, how many does does an extinct book cost?”

Jasmine said, “Two exerkeys books and a pencil cost two dollars altogether. If 

pencils cost thirty cents, how much does an actual book cost, each book costs the same 

amount of money as as the other other.”

Michael said, “Two exrazer books and a pencil cost two altogether. If pencils cost 

thirty cents, how much does the eraser book cost, each book costs the same amount of 

money as the other?”

Joshua said, “Two exercise books and a pencil cost two dollars altogether. If 

pencils cost thirty cents, how much does the exercise book cost, each book costs the same 

amount of money as the other?”

Cory said, “Two fang books and a picture o f two dollars after 11 pencils can thirty 

of was many things an look book had, each book has the sentence amount of counts as 

the order?”
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For Problem 14: Precious works in a shop each day from March 22 to March 26.

If she earns $10 a day, how much did she earn altogether?, Rachel said, “Pres-coe works 

in a shop each day from March twenty second to March twenty sixth. If she earns ten ten 

a day, how much altogether did she did she earn?”

Victor said, “Precious works in a shop each day from March twenty second to 

March twenty sixth. If she earns ten dollars a day, how did she earn altogether?”

Bobby said, “Precious works in a shop each day from from March twenty second 

to March twenty sixth. If she earns ten ten a day, how much does she earn altogether?”

Jasmine said, “Precise works in a shop each day from March twenty two to March 

twenty sixth. If she earns ten a day, how much did she earn altogether?

Michael said, ‘Precurious works in a shop each day from March twenty two to 

March twenty sixth. If she earns ten dollars a day, how much did she earn altogether?” 

Joshua said, “Pree-ciss works in a shop each day from March twenty second to 

March twenty sixth. If she earns ten dollars a day, how much did she earn altogether? 

Cory: Precious is in a sentence in half o f weeks twenty two to weeks of twenty sixth. I 

she was ten dollars and day o f dollars does she each altogether?”

For Problem 15: Bella takes exactly 3 hours to walk 15 km. How long would it 

take her (if she walks at the same speed) to walk 20 km? Rachel said, “Bella takes exactly 

three hours to walk fifteen kilometers. How long would it take her (if she walks at the 

same speed) to walk twenty kilometers?”

Victor said, “Bella takes exactly three hours to walk fifteen kilometers. How long 

would it take her (if she walks the same speed) to walk twenty kilometers?”
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Bobby said, “Bella takes excitedly three hours to walk fifteen kilometers. How 

long would it take her (if she walks at the same speed) but twenty kilometers?”

Jasmine said, “Bella takes exactly three hours to walk fifteen k-m. How long 

would it take her (if she walks at the same speed) to walk twenty k-m?”

Michael said, “Bella takes extra three hours to walk fifty meters. How long would 

it take her (if she walks at the same speed) to walk twenty kilometers?”

Joshua said, “Bella takes exactly three hours to walk fifteen kilometers. How long 

would it take her (if she walks at the same speed) to walk twenty kilometers?”

Cory said, “Does this equals three or to milk fifteen k-m was large of it parts work 

I she milks at the service speed to milk twenty k-m?”

Summary

This chapter presented the qualitative findings using NEA (Newman, 1977). 

Results for the first research question (i.e., how do fourth graders who attend a school in 

a low SES community understand the language of mathematics?) were reported using the 

four components embedded in Understanding the Language of Mathematics: 

Comprehension, Transformation, Process Skills, and Encoding. Comprehension entails 

the extent of the ability of participants to understand the overall meaning of the words in 

each word problem and retell the main idea or key facts. The findings included the extent 

to which participants were able to understand context relative to main ideas and/or key 

facts. Transformation relates to the ability of participants to identify an appropriate 

operation strategy to solve each problem. The findings indicated each participant’s ability 

to understand which operation or strategy would be best to solve the task. Process skills
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relate to the participants’ abilities to accurately use the appropriate strategy or operation 

necessary to problem solve. Encoding errors determined the participants’ abilities to write 

their response in an acceptable form.

Findings for the second research question (i.e., what factors contribute to the 

types of mathematical errors made in word problems completed by fourth graders who 

attend a school in a low SES community?) were addressed in the form of substitutions, 

omissions, insertions, and reversals. A substitution error occurred when a participant 

replaced the word written on the document with another word. An omission error took 

place when a participant left out a word and did not read it when he or she read the word 

problem aloud. An insertion error was made if the participant read a word that was not in 

the word problem in which they were reading. Lastly, a reversals error was made if the 

participants read the word but changed the sequence in which the word appeared in the 

word problem. Chapter 5 presents the discussion of the findings, as well as conclusions 

and recommendations.
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CHAPTER 5

DISCUSSION, CONCLUSIONS, AND RECOMMENDATIONS 

The purpose of this study was to explore the factors that contribute to the types of 

mathematical errors fourth graders make when they are completing word problems by 

utilizing a diagnostic tool known as Newman’s Error Analysis (NEA). This chapter 

provides an overall discussion of the conclusions drawn from the qualitative data 

collected. Conclusions are also made as they address the research questions that guided 

this study. Implications and suggestions to address specific concerns explored in the 

investigation are provided. The implications for addressing the issues that exist include 

changes that relate to teachers, curriculum and instruction, and future research. The 

chapter concludes by linking the theoretical framework with the findings.

Summary of the Study 

The purpose of this study was to explore the issues that exist and become barriers 

for students’ understanding of the language of mathematics. The major purpose of this 

exploratory case study was to obtain a comprehensive understanding of the factors that 

may contribute to the types of mathematical errors made by fourth graders who attend a 

school in a low SES community when they are completing word problems. A diagnostic 

tool known as NEA was used to determine more specifically when and where students 

make mistakes when completing word problems. In an effort to understand the 

phenomenon relating to poor mathematics performance on high-stakes testing that exist 

among the students at this particular school, the research was guided by the following 

questions:
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1. How do fourth graders who attend a school in a low SES community 

understand the language of mathematics?

2. What factors contribute to the types of mathematical errors made in word 

problems completed by fourth graders who attend a school in a low SES 

community?

The following interview prompts were used to address the second question to 

clearly define the possible factors that may contribute to the errors:

1. Please read the question to me. If you don’t know a word, tell me. (Reading)

2. Tell me what the question is asking you to do. (Comprehension)

3. Tell me how you are going to find the answer. (Transformation)

4. Show me what you are going to do to get the answer. (Process Skills)

5. Now write down your answer to the question. (Encoding)

For the purpose of this study, constructivism was the theoretical framework used 

as the lens to view this investigation. Constructivism is a major influence in mathematics 

education as it emphasizes that experiences, new information, and readiness enable 

understanding and construction of knowledge to take place (Lambert, Walker, 

Zimmerman, Cooper, Morgan, Gardner, & Szabo, 2002; Norford, 2012). One perspective 

that connects with constructivism is ontology. The ontological perspective is defined as 

trying to comprehend the reality behind the truth. The proficiency and learning of 

mathematics is grounded in a profusion of language acquisition. Therefore, a perspective 

of this study was rooted in the idea that true knowledge acquisition and comprehension 

does not occur unless language barriers are discovered and removed.
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The participants in this study were purposefully selected in a process known as 

extreme case sampling, as these were individuals who exhibited an unusual and 

troublesome case (Creswell & Plano Clark, 2007). In an effort to link language to 

numeracy and answer the research questions that guided this study, the criterion for 

participation was failure to meet the state’s standards in 2012 of the Criterion Referenced 

Competency Test (CRCT) in both content areas of reading and mathematics. There were 

20 students who met this criterion, and they received parental consent and assent forms. 

O f those 20 students, seven returned the forms; thus, they became the participants 

interviewed in this investigation.

Both of the research questions guiding this study addressed qualitative data. The 

study sought to first understand the language of mathematics by exploring word problems 

through four components. These included comprehension, transformation, process skills, 

and encoding. The second question sought to understand the factors that may contribute 

to mathematical errors that exist when students are completing word problems. The 

component that was used to explore was reading.

Understanding the Language o f Mathematics

As previously defined in Chapter 1, mathematical language is having the ability to 

understand the context in which terms are being used as they appear in instructions, 

symbols, signs, and word problems (Jamison, 2000; Latu, 2005; Varughese, 2009). The 

findings of this study indicated that the participants do not understand the language of 

mathematics as it appeared in the word problems given, and this was explored through 

analyzing the following errors: comprehension, transformation, process skills, and
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encoding. The language barriers indicated above exist due to the factors that contributed 

to the mathematical errors, which include reading errors that are addressed following the 

language barriers.

Comprehension Errors

In an effort to identify comprehension errors, each participant was asked to read 

each word problem aloud and was then prompted with, ‘Tell me what the question is 

asking you to do.” They were supposed to be able to summarize the problem in their own 

words, indicating a level o f understanding. Rather than illustrating an understanding of 

the prompt as well as the word problem, all o f the participants reread the problems 

without summarizing, misinterpreted the meanings, or immediately responded with a 

one-word mathematical operation. For example, rather than rephrasing the problem, the 

participants would respond by saying, “subtract,” or “multiply.” This occurred on all of 

the word problems by most of the participants.

Additionally, participants were often indecisive about their one-word responses, 

evidenced by their failure to commit to one operation even though the prompt did not 

require the selection of an operation or strategy. For instance, Rachel frequently 

responded by saying, “How many means to multiply, not add,” or “How much means to 

subtract. I mean, how much means to multiply.”

Furthermore, the participants experienced difficulty with the concept of 

understanding the relative size of unit fractions. All of the participants ordered the unit 

fractions based on a common misconception that the larger the denominator the larger the 

fraction. They were able to rephrase the problem on the second word problem. When
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asked what the problem was asking them to do, Rachel said, “Put the uh, smallest 

fraction, then the middle fraction, then put the largest, fraction.” Victor said, “Put it, put it 

from smallest to largest.” Bobby said, ‘T o  put’em in order from smallest to biggest.” 

Jasmine said, “Put it least to greatest.” Michael stated, “They want us to put the fractions 

in smallest to greatest.” Joshua replied, “Write the fractions from smallest to largest.” 

Cory said, “How to put it in order.” While the participants were able to rephrase what the 

problem was asking them to do, here are examples of their misunderstandings of unit 

fractions as they were copied and pasted from the original document:

Rachel wrote: .

Here are three fractions: 1/3,1/4, and 1/10. Write these fractions in order of size, from

smallest to largest. Small F r a c t i o n / 5 _______ Middle Fraction: and

Largest Fraction:

Victor wrote:

ere are three fractions: 1/3,1/4, and 1/10. Write these fractions in order of size, from

smallest to largest. Small Fraction: J  / . * !  Middle Fraction: V /V  and

Largest Fraction: ) / l 0

Jasmine wrote:
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2>/& g xt are three fractions: 1/3,1/4, and 1/10. Write these fractions in order of size, from 

smallest to largest Small Fraction: / , /  t  Middle Fraction: ■ 7 and

I \  \ ^Largest Fraction: i . \ V )

Michael wrote:

X -'Here are three fractions: 1/3, 1/4, and 1/10. Write these fractions in order of size, from 

smallest to largest. Small Fraction: - 1/ 3 -  Middle Fraction: and

Largest Fraction: I / /0
Joshua wrote:

Here are three fractions: 1/3, 1/4, and 1/10. Write these fractions in order of size, from

smallest to largest. Small Fraction: iV ______  Middle Fraction: j / _______ and

Largest Fraction: : / ' <_______

Bobby wrote:

^  Here are three fractions: 1/3.1/4, and 1/10. Write these fractions in order of size, from 

smallest to largest. Small Fraction: [ j  Middle Fraction: \ j lO  and

Largest Fraction: \ | '%_________

Cory wrote:

Here are three fractions: 1/3. 1/4, and 1/10. Write these fractions in order of size, from 

smallest to largest. Small Fraction: \ j  *4 Middle Fraction: \ j lQ  and

Largest Fraction: \ j %_________
i

This solidified that even when the participants comprehended the problem, they still had 

no conceptual understanding of the mathematical language. Overall, all o f the 

participants demonstrated a lack of comprehension on the word problems as they were
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presented on the written assessments. Deficiency in comprehension is an indicator of a 

language barrier (Durkin, 1991; Farrall, 2012; Heath & Street, 2008; Latu, 2005; Rudd, 

Lambert, Satterwhite & Zaier, 2008). When this exists, it is likely that students will 

obtain an incorrect response on a word problem due to misunderstanding the language or 

mathematical concepts.

Transformation Errors

The errors in NEA are considered a hierarchy (Newman, 1977), which became 

apparent while conducting this study. Since all o f the students exhibited errors in the 

previous stage of comprehension, they were likely going to have errors in the 

transformation stage, as indicated from the original study that took place in Australia 

(Newman, 1977). Students had not comprehended what the problem was asking them to 

do; so inevitably, they provided a wrong operation. Often, the students began to work 

immediately without being prompted and failed to select the appropriate operation 

needed to obtain the correct answer. During this stage, the students should have been able 

to transfer the written text to the appropriate context (another essential language skill) in 

which it was being used. This meant they should have the abilities to read the problems, 

understand what was being asked, and identify an appropriate strategy, operation, or 

series of operations in which to use. Since they were incapable of comprehending and 

transforming, their understanding of the language was negatively impacted. Therefore, 

solving the word problems accurately became problematic and illustrated the importance 

of comprehending mathematical language. This lack of understanding interfered with 

their ability to obtain an appropriate answer to the word problems.
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During this stage, the participants were prompted with, “Tell me what you are 

going to do to find the answer.” Using Problem 2 as an example again, it was determined 

that while the students were able to comprehend what the problem was asking them to do, 

they had no understanding of the mathematical concept. This misunderstanding lead to an 

inability of the participants to transform the word problem into a mathematical context, 

for they responded without providing an appropriate strategy or operation that would 

assist them to determine the correct answer. The second problem given to the participants 

was: Here are three fractions: 1/3, 1/4, and 1/10. Write these fractions in order of size,

from smallest to largest. Small Fraction:___________ Middle Fraction:____________

and Largest Fraction:_____________ .

Rachel said, “It’s up there. You just got to um, you can, not multiply, well, you 

can. You can multiply.” Joshua said, “Write, write the [pause] smallest fraction.” Jasmine 

said, “Cause you look right here (points at the denominator on one of the fractions) which 

is one is the leastest and the next one which is the middle and this one is the large one. 

Michael responded with, “It’s just like counting one, two, three. It’s just like one-third is 

smaller than one-fourth, and one-fourth is sm-, is smaller than one tenth.” Bobby’s 

response was, “By [pause], by doing fractions.” Victor stated, “See which one is the 

smallest, those, those three numbers.” Cory did not provide a verbal response. He simply 

pointed to each fraction assuming his order was done correctly. He pointed to 1 /4th, 

l/3rd, and then 1/10th.

Another example derives from Problem 5. The fifth problem given to the 

participants was: I had a piece of rope, but someone cut off 15 centimeters. When I
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measured the rope that remained, I found it was only 57 centimeters long. How long was 

my original piece of rope? The participants were again prompted with, “Tell me what you 

are going to do to find the answer.” Victor responded with a one-word answer,

“Subtract.” Michael stated, “Put fifty-seven as the top. Gonna subtract.” Rachel said,

“Um [pause], I need some scratch paper.” She began to write and then said, “That ain’t 

enough right there. That’s only seven and the rest are fifteen. So that’s gone be times 

three.” To begin with, Cory was uncertain. He replied, “Add [pause]. Subtract [long 

pause]. Fifty-seven plus fifteen.” Jasmine responded, “You gonna add fifty-seven plus 

fifteen and you gone add together. And seven plus five [pause] twelve, put twelve, put 

your one right there [pointed to the tens place] and six add one more and seven equals 

seven, seventy-two centimeters.” Bobby said, “Um, no hold on. You subtract. Yeah you 

plus. Yeah you add fifty-seven plus fifteen [paused and began to write while talking 

aloud]. And seven plus five is twelve. And five times one, I mean five times two is seven 

and that’s the answer.”

Process Skills Errors

Process skills, the fourth stage of the hierarchy of NEA, address an understanding 

of an algorithm or computation. Process skills errors contributed to the mathematical 

errors the students made. On the majority of the problems, the students made process 

skills errors due to completing the wrong operation, performing faulty algorithms and 

computations, and providing random responses. During this stage, they were also 

required to talk aloud while they completed the operation chosen so that I could 

understand their thinking while they worked. This required students to possess the ability
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to comprehend the text and transform the text into the appropriate mathematical context. 

The findings revealed that the students were incapable of understanding which processes, 

skills, and strategies were needed to complete each word problem. These errors derived 

from an inability to comprehend the mathematical language used in the text. Throughout 

various times of the interview process, each of the participants decided upon an 

inappropriate operation or strategy. The difficulty for them to make sense of the process 

they chose was demonstrated in their indecisiveness to choose an operation to solve the 

problems.

One example of choosing an inappropriate operation took place with Problem 5 :1 

had a piece of rope, but someone cut off 15 centimeters. When I measured the rope that 

remained, I found it was only 57 centimeters long. How long was my original piece of 

rope?

Michael wrote:

Cory wrote:
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Victor wrote:

Joshua wrote:

\
I f

+ 5 7
T J

This phase also exemplified a miscommunication o f mathematical language, for the 

participants were incapable of using an appropriate operation or misused the correct one. 

Encoding Errors

During the final stage of NEA, the participants were required to write their 

responses in an acceptable manner. There was only one word problem in which three of 

the seven participants were able to do this. This was the fifth word problem on the 

fifteen-problem assessment, and it was written as: I had a piece of rope, but someone cut 

off 15 centimeters. When I measured the rope that remained, 1 found that it was only 57 

centimeters long. How long was my original piece of rope? This word problem did not 

require a great depth of knowledge. According to Webb’s Depth of Knowledge (2009), 

the word problem only required the participants to be able to recall basic facts. This basic 

fact was addition.
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While most of the word problems only required recall of basic facts, the encoding 

errors derived from the inability o f students to understand the mathematical language. An 

example o f encoding errors, which is the inability to write responses in an appropriate 

manner, is illustrated by Problem 12: Two exercise books and a pencil cost $2 altogether. 

If pencils cost 30 cents, how much does an exercise book cost (each book costs the same 

amount as the other)?

Joshua wrote:

*7

i r

Rachel wrote:

other)?<(2>2

Jasmine wrote:

Overall, the participants were not successful during this stage because of the 

comprehension errors they made. On many of the word problems, the students were not 

able progress to this stage due to the multitude of errors they made during the previous 

phases. Encoding is also a language component since it addresses the ability to write
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responses in a legible manner (Martinez, 2010; Ormrod, 2008). The results of the study 

indicated a need for the previous language barriers to be removed in order for students to 

be successful with achieving correct answers.

Factors that Contribute to Mathematical Errors

Reading Errors

The first stage of NEA was developed for detecting reading errors. These errors 

that were detected for the participants painted a picture of their ability to read, a skill that 

is essential for students to successfully complete word problems. In collaboration with 

using NEA, I used the Developmental Reading Assessment (DRA) for reading to more 

specifically determine the types o f reading errors the students made when reading the 

word problems. The types o f reading errors as identified through DRA included 

substitutions, omissions, insertions, reversals, sounding out, and teacher told (Beaver & 

Carter, 2006). These errors negatively impact a student’s ability to comprehend what is 

being read. The number of reading errors can be found in Appendix H. Six of the seven 

participants demonstrated a reading with accuracy level of above 94%. However, one 

whose pseudonym was Cory demonstrated very minimal reading skills and appeared to 

struggle with accuracy and fluency. His reading level was well below the other 

participants, as he had an overall 47% reading accuracy. The assessment findings for this 

struggling reader made it evident that his reading skills affected his ability to derive the 

appropriate responses. This case emphasizes the importance of understanding 

mathematical language and how reading greatly impacts a student’s ability to solve word 

problems. An example of Cory’s reading errors are shown below in his response to
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Problem 5 :1 had a piece of rope, but someone cut off 15 centimeters. When I measured 

the rope that remained, I found it was only 57 centimeters long. How long was my 

original piece o f rope?

ope? (36 Words)

Due to the substitution errors alone that Cory made when he read the word problem, it 

sounded nothing like what appeared in the text. He read it as follows, “I was a picture had 

all rope, there each frame off fifteen centimeters. Would I would the reference had went I 

was it ask of fifty seven centimeters a lot. What lot of my own people was rope?”

Because of the insurmountable substitution reading errors that he made, it would be 

merely nonsense to place Cory in a small intervention group with other students who get 

a wrong answer. Cory needs a different set of intervention strategies, for example, 

providing interventions that include reading problems aloud to him, teaching 

mathematics vocabulary, or presenting the problem in below grade level vocabulary.

The other six participants demonstrated an ability to accurately read the word 

problems; however, they still experienced problems related to comprehension, the next 

phase of the hierarchy. These students exhibited simple word calling rather than true 

understanding of the mathematical language. This may be due to a need for interventions
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for comprehension in general, but it does speak to the notion that there is a need to build 

comprehension skills. These students did not perform much higher than the student who 

showed an abundance of errors during the reading phase.

Analyses such as NEA highlight the importance of identifying students who 

struggle to read fluently, comprehend, transform in an appropriate mathematical context, 

accurately complete algorithms and operations through process skills, and write in an 

appropriate written form as it relates to encoding. Once these individual needs are 

identified, then more effective teaching can occur through appropriate differentiation and 

accommodations.

Conclusions of the Language of Mathematics 

The research questions guiding this investigation included qualitative data. One 

goal of the study was to explore how fourth graders who attend a school in a low SES 

community understand the language of mathematics. Mathematics is not solely 

comprised of numeracy. There is a language component that is extremely important, but 

its focus has been rare (Gray, 2001). Much of the language of mathematics consists o f an 

understanding of the vocabulary, symbols, signs, and context in which the words are 

being used. It was apparent during this study, that the participants did not have an 

understanding of mathematical language. There were illustrations of the misconceptions 

about key words and phrases, improper use of vocabulary, and misrepresentation of signs 

and symbols. When these barriers exist, students make many mathematical errors that are 

unfortunately credited to errors with algorithms and computations. This study 

demonstrated the major contribution that mathematical language has on mathematical
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errors. Therefore, it is important to understand how students comprehend mathematical 

language and to know which factors contribute to their understanding. It is essential that 

approaches such as Newman’s are utilized in classroom instruction when attempting to 

analyze student work on word problems.

Conclusions o f the Mathematical Errors 

This investigation also sought to identify the factors that contribute to the types of 

mathematical errors made by fourth graders, who attend a school in a low SES 

community, when they are completing word problems. While the participants of this 

study made mistakes relating to numeracy, much of it was contributed to literacy and 

language, as it was witnessed that students had not comprehended what they read. 

Comprehension of the language of mathematics begins with the ability to read the word 

problems with a successful accuracy level. It is more than being able to call the words; it 

requires the ability to rephrase or summarize in your own words and comprehend the 

mathematical concepts. When students are unsuccessful with reading and 

comprehending, countless mathematical errors are inevitable.

Mathematical errors in this study were those relating to reading, comprehension, 

transformation, process skills, and encoding. Too often, the mathematical errors that 

students make are attributed to the need to build fact fluency. However, this study 

confirmed a need for a more in-depth examination of various specifics regarding the 

types of errors that occur during mathematically thinking. Understanding the cause of the 

mathematical errors is a prerequisite for appropriately identifying and remediating the 

precise difficulties that students experience. While this type of analysis is time
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consuming, teachers and students reap long-term benefits. Therefore, using an approach 

such as NEA can produce many gains for all stakeholders.

Implications for Teachers 

This exploratory case study investigated the factors that contributed to 

mathematical errors made by fourth graders who attended a school in a low SES 

community. Identifying the types o f errors students make as they relate to mathematical 

language as well as numeracy when completing word problems has implications relative 

to the impacting of mathematics academic performance. While the SES of students is 

beyond the control of classroom teachers, pedagogical strategies and practices can be 

altered. Early childhood educators must deliberately relate the mathematical language to 

their instructional practices. In an effort to know what students need, there has to be a 

diagnostic check to understand what they already know. Furthermore, there must be an 

assessment of prior knowledge of mathematical language, as well as basic facts, in an 

effort to meet students’ literacy needs—not just numeracy. Conducting an analysis like 

NEA is one way to determine where students make mistakes.

The language of mathematics must be embedded in the lessons so that it will not 

be an influential factor that hinders the success of mathematics learning. One way in 

which Australian educators incorporate the teaching of comprehension in math is using a 

method known as Reassemble Text (New South Wales Department of Education and 

Communities, 2011). This strategy is used with the students by disorganizing the 

structure of a text and requiring the students to put the words in the correct order that 

makes sense to solve the problem. Teaching by reassembling the text is one way to assist
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students with comprehension. Trying to teach key words for understanding often creates 

misconceptions; therefore, in order to teach students how to transform the text into a 

mathematical context so they can identify an appropriate mathematical strategy or 

operation, teachers should do more word problems. Minimizing or eliminating the word 

problems due to the errors students make will not aid in student growth and success.

A strategy that can be used for increased success with process skills is to provide 

the students with multiple mathematics operations methods. For example, many students 

have developed misconceptions when using the traditional method for multiplying large 

numbers. Focusing on basic facts does not assist students with overcoming their faulty 

algorithms. They need other means for obtaining a correct answer and exposure to a 

variety of procedures so that they can then effectively encode an appropriate response.

It is imperative that teachers are differentiating instruction based on the individual 

literacy needs of students in mathematics classrooms. Students should not be grouped 

solely based on faulty algorithms and computations. While these difficulties need to be 

addressed, some of the issues require an in-depth diagnosis, such as provided by NEA. 

Once specific needs are identified through the use of NEA, teachers can properly group 

and assist the needs of individuals, rather than risk choosing improper interventions that 

mask the root cause.

Implications for Curriculum and Instruction 

Students who attend schools in low SES communities may have increased 

performance scores on high-stakes testing if the mathematical language barrier is 

removed. The implementation of a new curriculum known as Common Core makes it the
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responsibility of teachers to ensure the development of mathematically-proficient 

students. This will take place if students have the ability to makes sense of problems and 

persevere in solving them, reason abstractly and quantitatively, construct viable 

arguments and critique the reasoning of others, model with mathematics, use appropriate 

tools strategically, attend to precision, look for and make use of structure, and look for 

and express regularity in repeated reasoning.

The expectations for improved student performance in mathematics classrooms, 

which is largely influenced by the understanding of language, have greatly increased. 

Therefore, if mathematical language does not become more of a focus, it is possible that 

the achievement gap may widen in lieu of becoming narrower. This study provided an 

exemplar of how an approach such as NEA can be utilized in the classroom by 

mathematics educators to obtain an in-depth understanding of when and where students 

make mistakes when completing word problems. Mathematics instruction is more than 

fact fluency and right or wrong responses; as this study highlighted, the importance of 

understanding the language is a prerequisite for the appropriate use of an algorithm.

Implications for Future Research 

One suggestion for future research is to conduct similar studies using NEA as a 

diagnostic tool to obtain an in-depth understanding of the types of errors students make 

when completing word problems and subject it to additional procedures in an effort to 

strengthen its measure for validation. One could conduct an investigation of students who 

are higher performers on high-stakes tests to determine if they are more successful during 

the stages of NEA. Another area for future research could be to conduct a longitudinal
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study to determine a baseline for each student. Teachers could then implement strategies 

to assist in each area of need based on the errors the students make, and then progress 

monitor to determine if the students advance beyond the language barriers to become 

mathematically proficient.

Strengths and Limitations o f the Study 

One strength of this study was the result of using the NEA semi-structured 

interview with the seven participants, for it allowed the researcher to specifically identify 

when and where the participants made mistakes when completing the word problems. 

Furthermore, using a qualitative approach allowed the researcher to derive a more 

comprehensive understanding from the data in lieu of just determining whether answers 

were right or wrong. During the course of the interviews, I recognized that one 

participant, Cory, needed assistance because he could not read the majority of the words 

in the word problems. Therefore, he will need interventions that relate to reading through 

word problems. The other six participants struggled with comprehension.

Another strength of this study was that the identification of the specific types of 

errors that students made increased the ability to determine specific strategies to improve 

student performance. For example, reassembling the text of word problems would 

provide student with comprehension difficulties practice with making sense of word 

problems. While all participants scored poorly in that they did not obtain correct answers, 

their treatments or interventions are different; thus, enabling targeting of specific, 

individual needs. Both of these findings were more meaningful than simply addressing 

algorithms.
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Furthermore, this study exemplified quality action research, which Creswell

(2007) asserted is determined if the study clearly addressed a problem that needed to be 

solved (Creswell, 2007). This study not only addressed the problem, but it offered a 

solution through the use of NEA. The use of this diagnostic approach was a result of 

personal and professional data analysis, perspectives from other researchers through their 

journals and review of literature, and the desires to meet the instructional needs of 

educators and academic improvement and achievement o f students. Other considerations 

included parents, the community, objectives, and desired lifelong learning outcomes.

Creswell (2007) also asserted that quality research collects sufficient data to 

address the problem. This was accomplished in this study through the analysis o f test 

scores, the 15-word problem assessment, semi-structured interviews, and analysis of 

written responses. Lastly, Creswell (2007) depicted that a researcher’s study should 

reflect upon the professional reflection of the researcher. As I reflected on the data 

collected and literature reviewed, it was my desire to reproduce a method that all 

educators can use to highlight the specific needs o f our students that are often ignored.

Some limitations of the study include the lack of generalization to a population 

due to the number of participants and purposefully-set criteria. There were also time 

constraints from the time that the data was collected.
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Final Thoughts

Overall, this study has enabled me to have a better understanding of more specific 

errors students make when they are completing word problems. Students who attend 

schools in low SES communities often have language barriers that exist due to factors 

beyond their control. However, they should have opportunities afforded to them to assist 

with closing this gap. While reading is a content area at the early childhood level, its 

concepts should be embedded in all content areas in an effort to ensure the languages of 

each are learned and understood. Diagnostic tools such as NEA enable teachers to get to 

the root of the problem in mathematics.

My ultimate goal in conducting this research was to paint the bigger picture to 

illustrate one of the largest problems that exist within my community. I believe in all of 

the children, regardless of their backgrounds and circumstances, who attend all of our 

schools. Additionally, I believe that it is my duty to not only paint the picture, but share it 

with others, so that all those who are in similar situations can help meet students’ needs 

by meeting them where they are. It is not that students are incapable of mastering goals 

set by the state; however, we often address problems that derive from concerns we often 

ignore. Language acquisition is the foundation for all content areas, and I must be an 

advocate for the learning of the students within my community.
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Student

Name

2012 CRCT Scores 2012 CRCT Math Results 2012 CRCT Reading Results

Math Reading Does

Not

Meet

Meets Exceeds Does

Not

Meet

Meets Exceeds Meets

Retest

A 770 798 1 0 0 1 0 0 1

B 782 798 1 0 0 1 0 0 1

C 770 795 1 0 0 1 0 0

D 821 839 0 1 0 0 1 0

E 815 824 0 1 0 0 1 0

F 792 818 1 0 0 0 1 0

G 880 852 0 1 1 0 1 1

I 770 775 1 0 0 1 0 0

J 770 792 1 0 0 1 0 0 1

K 805 831 0 1 0 0 1 0

L 779 803 1 0 0 0 1 0

M 831 843 0 1 0 0 1 0

P 808 815 0 1 0 0 1 0

Q 800 815 0 1 0 0 1 0

R 796 779 1 0 0 1 0 0 1

S 764 782 1 0 0 1 0 0

T 805 798 0 1 0 1 0 0 1

U 831 884 0 1 0 0 1 1

V 782 806 1 0 0 0 1 0

W 800 772 0 1 0 1 0 0 1

X 808 798 0 1 0 1 0 0 1

Y 796 843 1 0 0 0 1 0

Z 754 843 1 0 0 0 1 0

AA 839 818 0 1 0 0 1 0

BB 814 789 0 1 0 1 0 0

CC 782 815 1 0 0 0 1 0

DD 802 812 0 1 0 0 1 0
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EE 856 884 0 1 1 0 1 1

FF 761 779 1 0 0 I 0 0

GG 800 818 0 1 0 0 1 0

HH 802 800 0 1 0 0 1 0

II 835 920 0 1 0 0 1 1

JJ 873 850 0 1 1 0 1 1

K.K 254 274 1 0 0 1 0 0

LL 785 775 1 0 0 1 0 0

MM 800 843 0 1 0 0 1 0

NN 271 303 1 0 0 1 0 0 1

OO 808 821 0 1 0 0 1 0

PP 802 815 0 1 0 0 1 0

QQ 862 809 0 1 1 0 1 0

RR 800 785 0 1 0 1 0 0 1

SS 761 789 1 0 0 1 0 0

IT 770 792 1 0 0 1 0 0

uu 779 748 1 0 0 1 0 0

vv 850 835 0 1 1 0 1 0

ww 839 809 0 1 0 0 1 0

XX 835 852 0 1 0 0 1 1

YY 812 821 0 1 0 0 1 0

zz 770 798 1 0 0 1 0 0

AAA 770 789 1 0 0 1 0 0 1

BBB 788 779 1 0 0 1 0 0

CCC 852 873 0 1 1 0 1 1

DDD 793 843 1 0 0 0 1 0

EEE 843 821 0 1 0 0 1 0

FFF 776 792 1 0 0 1 0 0 1

GGG 788 803 1 0 0 0 1 0

HHH 788 835 1 0 0 0 1 0

III 850 824 0 1 1 0 1 0
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JJJ 815 839 0 1 0 0 1 0

KKJK 850 835 0 1 1 0 1 0

LLL 793 818 1 0 0 0 1 0

MMM 808 789 0 1 0 1 0 0

NNN 815 824 0 1 0 0 1 0

o o o 788 812 1 0 0 0 1 0

ppp 821 803 0 1 0 0 1 0

QQQ 808 821 0 1 0 0 1 0

RRR 828 818 0 1 0 0 1 0

sss 952 884 0 1 1 0 1 1

TTT 776 785 1 0 0 1 0 0

uuu 925 824 0 1 1 0 1 0

vvv 821 865 0 1 0 0 1 1

WWW 764 803 1 0 0 0 1 0

XXX 828 789 0 1 0 1 0 0 1

YYY 767 785 1 0 0 1 0 0

zzz 835 852 0 1 0 0 1 1

AAAA 818 843 0 1 0 0 1 0

BBBB 767 785 1 0 0 1 0 0

CCCC 791 824 1 0 0 0 1 0

DDDD 925 873 0 1 1 0 1 1

EEEE 800 782 0 1 0 1 0 0 1

FFFF 835 835 0 1 0 0 1 0

GGGG 754 768 1 0 0 1 0 0

HHHH 764 792 1 0 0 1 0 0

[III 812 831 0 1 0 0 1 0

JJJJ 776 821 1 0 0 0 1 0

KKKK 828 839 0 1 0 0 1 0

LLLL 818 839 0 1 0 0 1 0

MMMM 767 775 1 0 0 1 0 0

NNNN 779 800 1 0 0 0 1 0
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o o o o 821 831 0 I 0 0 I 0

pppp 839 800 0 1 0 0 1 0

QQQQ 747 775 1 0 0 1 0 0

RRRR 793 795 1 0 0 1 0 0

ssss 867 852 0 1 1 0 1 1

TTTT 740 821 1 0 0 0 1 0

UUUU 747 764 1 0 0 1 0 0

VVVVV 873 850 0 1 1 0 1 1

Totals 97 43 54 13 35 62 13 13

Percentages 44% 56% 13% 36% 64% 13% 77%

Percentage 

Meets & 

Exceeds

69% 91%
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Dissertation
Newman’s Error Analysis & Mathematical Language: Diagnosing Mathematical 

Errors on Word Problems Made by 4,h Graders Who Attend a School in a Low SES
Community 

Parent or Guardian Informed Consent Form

Your child has been asked to participate in a research study titled Newman’s Error 
Analysis & Mathematical Lanuuaue: Diagnosing Mathematical Errors on Word Problems 
Made bv 4Ul Graders Who Attend a School in a Low SES Community. The study is being 
conducted by Valerie Lemon Flagg, Mercer University doctoral candidate (478.957.2994 
and valerie.lemon.flagg@live.mercer.edu). The advisor's name is Dr. Barbara Rascoe 
and her contact information is as follows: Mercer University Phone number 
478.301.2386 and e-mail address is Rascoe_BJ@Mercer.edu. The results will be used to 
further the understanding of how this sample of students understands the language of 
mathematics through the use of a diagnostic tool called Newman’s Error Analysis. Your 
son’s/daughter's participation is voluntary. A decision to participate in the research will 
not affect his/her relationship with Union Elementary, his/her relationship with the 
researcher, his/her relationship with other teachers, or his/her academic standing.

I. The purpose of this study is to explore:
This research study is designed to determine how fourth graders like your child 
understand mathematical language while solving mathematical word problems.

The data from this research will be used to help explain the importance of mathematical 
language development and its significance to an in-depth understanding of mathematics. 
This should positively impact the learning of mathematics in the latter years. The results 
of this study will help other researchers and teachers understand the importance of the use 
of an error analysis that could assist with mathematical language development.

II. Procedures:
If you allow your child to volunteer for this study, your child will be asked to (1) 
complete a fifteen question written mathematical assessment to determine their level of 
understanding while working alone and (2) read various mathematical word problems in 
which mathematical language errors will be analyzed during a recorded diagnostic 
interview. They will be asked to talk through the word problems identifying vocabulary 
terms and phrases that pertain to the meaning and understanding of the text. Your child’s 
participation will take approximately two weeks and will be asked to work problems 
individually and then one-on-one with me (the researcher).
Your child will be asked to assent to participate in diis research. (Assent means that your 
child will be asked to voluntarily participate in this research.) Your child will tell the 
researcher if he/she would like to participate by answering yes or no after the researcher 
verbally reads to your child what the research is about and what he/she will be asked to 
do. Your child will be given specific details about what will take place during this study. 
They will be given the opportunity to decide if they would or would not like to 
participate.
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Parent/uuardians who allow student to participate must:
Please read and complete this consent form. Please provide your response on whether or 
not you give me to use your son/daughter in this study. Your child will be given word 
problems to complete before, during, and/or a tier the regular classroom instructional day. 
It may be necessary to meet before or after school hours and if this is needed you will be 
contacted ahead of time. This data collection process will take approximately two weeks. 
Data collection will begin during the week of April 29lh, 2013 and end on or around May 
17. 2013. This will allow an additional week to finalize data collection as determined by 
your child's initial start date and enable time for any make-ups if necessary.

HI. Potential benefits to students and/or .society
There arc some potential benefits for students and society. The potential benefits are as 
listed below:

• Educators and other researchers will ha\e a better understanding of how 
mathematical language compares to literacy.

• Educators and other researchers will have a better understanding of the types of 
language errors that these students often make.

IV. Potential Risks/Discomfort
Ihcre arc no foreseeable risks, discomforts, inconveniences or costs associated with the 
study. These could be physical, psychological, emotional, social or economic. If at 
anytime during this study, you and/or your child experience any level of discomfort, you 
may make a decision to withdraw at your convenience.

V. Withdrawal of Participation
Your child’s participation is voluntary. Your child will not be penalized or lose any 
benefits that he/she are otherwise entitled to if you decide that your child will not 
participate in this research project.

If your child decides to participate in this project, he/she may discontinue participation at 
any time without penalty or loss of benefits. You have the right to inspect any instrument 
or materials related to the proposal. Your request will be honored within a reasonable 
period after the request is received.

VI. Payment for Participation
Students will not be paid for their participation There is no financial obligation for 
participants.

VII. Confidentiality
In an effort to keep the data for this study confidential, your child's responses will be 
assigned a random number. This number will be assigned to all ofthe data collected from 
your child Your child's identity will not be revealed to anyone

04/17/2013 Vl tRr (R  t JN iVlH St rv  IRB Page 2



lire researcher will have access to this data, l-’or the purposes of checking for accuracy 
and meeting the needs of the doctoral program. Mercer University will also have access 
to the data collected However, while Mcrccr will have access, they will not be able to 
identify you or your child and this data will remain confidential.

A digital voice recorder will be used to ensure accuracy of the data collected. The 
information recorded on the recorder will be used to record information and the data will 
be saved and stored for approximately six months. All of the data collected will be 
numerically coded to protect the identity of the participants. Your child's individual 
responses will not be shared with parents or others. All data will be coded with random 
identification numbers. A number will identify the information that is collected from the 
interviews with your child. The list connecting participant numbers and names will also 
be kept in separate locked cabinets.

Questions about the Research
If you have any questions about the research, please speak with the researcher and 1 may 
be reached at 478.957.2994. If you have ques'tions later, you may contact the 
researcher’s Mercer University advisor Hr. Barbara Rascoe at 478.301.2386 or email at 
rascoe_bj@Mercer.edu.

You have been given the opportunity to ask questions and these have been answered to 
your satisfaction. If you do agree to allow your child to participate in this research, please 
complete the information below:

1, __________________________________ , do want _____________________  to
participate in this research study.

or

I.   . do not want _____________________  to
participate in this research study.

Participant's Name (Print) Date

Parent/Guardian's Name Parent Guardian s Signature Date

Please return to Valerie I.. Flagg as soon as possible.

In order to conduct th is research , th is p io jcc t has been rev iew ed  and approved  by  M ercer U n iversity ’s 
Institutional Review Hoard t.IRB) If  you believe there is any in fringem ent upon your c h ild 's  righ ts as a 
research  subject, p lease conuict the  IKU C hair at (-US) 301-1101. th e  IRBs are  the govern ing  bodies that 
are set in place to ensure responsib le  and safe  conduct o f  research investigations.
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Newman’s E rro r Analysis & M athematical Language: Diagnosing Mathematical 
Errors on W ord Problems Made by 4"1 G raders Who Attend a School in a Low SES

Community
Informed Assent/Verbal Script for Children Under 12 Years Qld(3rj. 4*1*.

G raders)

Iloilo, my name is Valeric Lemon Flagg and I am a researcher at Mercer University who 
is trying to Icam how fourth graders like you understand mathematical language while 
solving mathematical word problems.

The purpose of this study is to explore the factors that may contribute to the types of 
mathematical errors made by 4lh graders who attend schools in low socioeconomic status 
(SES) communities when they are completing word problems.

You are being asked to participate in this study because I want to know more specifically 
about the types of errors you make when you complete word problems.

I will be the person in charge of this study and it will take place in the classroom he lore, 
during, and/or after school hours and I will collect data for about two weeks.

What will happen is that I will have you complete a written test that has fifteen word 
problems with the entire class. I will check your answers to see how well you do. Alter 
that, I will ask you to meet with me one-on-onc to ask you some questions about these 
w'ord problems and I will be recording our interview. In order to keep everything you 
write private, your names will not be used on the forms we collect from you. Your names 
will be replaced with made up identification numbers on your test and any sheets that I 
use to write down information.

Your parenl(s) have said that it is okay for you to be in this research study. You do not 
have to be in this study if you do not want. You can change your mind at anytime by 
telling your Mom. Dad, and/or me (the researcher).

No. I do not want to be in this studv. Yes, I want to lie in this studv.

Signature of Participant Dale

Signature of Person Obtaining Assent Date

M D K fcft UNIVERSITY tRB
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1. Belinda has $4.80 and Shelly has $6.34. How much more money does 
Shelly have than Belinda?

2. Here are three fractions: 1/3, 1/4, and 1/10. Write these fractions in order
of size, from smallest to largest. Small Fraction:___________  Middle
Fraction:___________ and Largest Fraction:______________

3. If Raymond gives the shopkeeper $5 for a box of flour that costs $3.65, 
how much change does he get?

4. Ice cream cost 850 each and apples cost 450 each. How much altogether 
would 7 ice creams and 5 apples cost?

5. I had a piece of rope, but someone cut off 15 centimeters. When I 
measured the rope that remained, I found it was only 57 centimeters long. 
How long was my original piece of rope?

6. It takes Kim 15 minutes to walk to school. If school starts at 8:05 a.m., at 
what time must she leave home so that she can so that she can get to 
school as soon as school starts?

7. Rebecca is 12 days older than Mary. If Rebecca’s birthday is January 29, 
on what day is Mary birthday?

8. A shop is open from 1 o’clock in the afternoon to 5 o’clock in the evening. 
For how many hours is the shop open?

9. If the time is now 9 o’clock, what time was the time 4 hours ago?

10. Find the value of 940 -  586.

11. What time will it be 35 minutes after the time shown on the clock?

12. Two exercise books and a pencil cost $2 altogether. If pencils cost 30 
cents, how much does an exercise book cost (each book costs the same 
amount of money as the other)?

13. There are 12 apples on the table. If you picked up one-third of the apples, 
how many apples would be there still be left on the table.

14. Precious works in a shop each day from March 22 to March 26. If she 
earns $10 a day, how much altogether did she earn?

15. Bella takes exactly 3 hours to walk 15 km. How long would it take her (if 
she walks at the same speed) to walk 20 km? (White, 2005)
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K f N ew nm ii s Krr.ii A nalysis Paite I o t 'I

RE: Newman's Error Analysis
Allan White iai.white@uws.edu.au]
Sent: Thursday, June 28, 2012 ’ it pm  
Ct: Vaiere uefnon.IPaqg

Pear 7alene

do i contact to gain permission to use this method n  my research study ’ -

•  How is t h s  analysis u sed  in your curriculufn7
Daily Weekly, Monthly or As needed7 Invention, prevention, remediation7

.  Do you have data that I may view that shows how this analysis affects student achievement7

• W i n t r .  A. i .  I _’i ) 1 i M a th e m a tic s  w n irf |u " h ic in s  i n  m u l t i c u l t u r a l  c l a s s r ' f i n s .  I ! : n  ■ s i j i m a  
I ni  vi - i  1'  \ R e t ;  i f ,  c i l  '7I> S r p t c m l . e r  2 D 1 I f r o m

• Are there additional videos, other than what's on the website, modelrig the use of this analyss7

• Is it possible for me to work closely with you to gain more insight about your curriculum and the error analysis7

h t tp ' sn .’pufM  A.I .in lli’dK , cm  im .i 'a e  fleim 'fr IPM  N n ti:& u i“ R a  A A \  ADS.sc’> tc^if, >> _’S A
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NEWMAN'S ERROR 
ANALYSIS

Ql: Q2:

1. Reading:
Please read the 
question. If you 
don't know a word, 
tell me.

Y/N Y/N

2. Comprehension: 
Tell me what the 
question is asking 
you to do.

Y/N Y/N

3. Transformation: 
Tell me what you 
are going to do to 
find the answer.

Y/N Y/N

4. Process Skills: 
Show me what to do 
to get the answer. 
"Talk aloud" as you 
do it, so 1 can 
understand how you 
are thinking?

Y/N Y/N

5. Encoding:
Now write down 
your answer to the 
question.

Y/N Y/N
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Participant Totals

Word Problem

Reading
Behaviors 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 Totals

Substitutions 17 24 14 9 28 12 11 17 13 6 2 28 14 21 24 240

Omissions 1 6 1 1 0 0 0 2 4 8 1 14 0 5 2 45

Insertions 1 14 1 0 0 0 0 2 1 0 0 0 2 0 0 21

Reversals 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1

Sounding
Out 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Told by 
Teacher 4 1 3 1 2 1 1 2 0 0 2 3 0 0 1 21

Reading
Errors 23 45 19 11 30 13 12 23 18 14 5 45 16 27 27 328

Words
Correct 152 172 163 164 222 232 128 147 88 70 100 186 161 167 155 2307

Total Words 175 203 182 175 252 245 140 168 105 84 105 231 175 196 182 2618

Percent
Accuracy 87 85 90 94 88 95 91 88 84 83 95 81 92 85 85 88


