
 

 

 

 

 

 

 

 

USING CONCURRENT VERBALIZATION TO MEASURE 

 

MATH COMPREHENSION 

 

 

 

 

 

 

 

 

 

 

 

 by 

 

 CATHRYN COLLEY LAMBETH 

 

 

 

 

 

 

 

 

 

 

 A DISSERTATION 

 

 Presented to the Department of Educational Methodology, 

Policy, and Leadership 

 and the Graduate School of the University of Oregon 

 in partial fulfillment of the requirements 

 for the degree of 

 Doctor of Education 

 

June 2012 



  

 
 

ii 

 

DISSERTATION APPROVAL PAGE 

 

Student: Cathryn Colley Lambeth 

 

Title: Using Concurrent Verbalization to Measure Math Comprehension 

 

This dissertation has been accepted and approved in partial fulfillment of the 

requirements for the Doctor of Education degree in the Department of Educational 

Methodology, Policy, and Leadership by: 

 

Dr. Gerald Tindal  Chair 

Dr. Gina Biancarosa  Member 

Dr. Scott Baker  Member 

Dr. Roland Good  Outside Member 

 

and 

 

Kimberly Andrews Espy Vice President for Research & Innovation/Dean of the 

    Graduate School  

 

Original approval signatures are on file with the University of Oregon Graduate School. 

 

Degree awarded June 2012 



  

 
 

iii 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 © 2012 Cathryn Colley Lambeth 



  

 
 

iv 

 

 DISSERTATION ABSTRACT 

 

Cathryn Colley Lambeth 

 

Doctor of Education 

 

Department of Educational Methodology, Policy, and Leadership 

 

June 2012 

 

Title: Using Concurrent Verbalization to Measure Math Comprehension 

 

 

The current study investigated variability in student performance on a concurrent 

verbalization measure based on a grade-level sample math word problem and sought to 

determine to what extent the variability in verbalization scores is related to scores on a 

reliable measure of reading (DIBELS Next) and math (easyCBM) and to student factors 

(e.g. sex, grade, economic status). 

In light of the 2014 implementation of the Common Core State Standards and 

related measures of student performance, both of which contain components of language 

in mathematics curriculum and assessment, it was the intent of this study to identify 

factors associated with verbalization on sample math word problems that could be 

correlated with student performance on reliable, commonly used assessments of reading 

and math. 

The sample for analysis included 105 intermediate-grade students from one 

elementary school in the Pacific Northwest. 
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Results support a relation between students’ verbalizations about math word 

problems and benchmark assessments in reading and math. Limitations of the study, 

considerations for future research, and implications for practice are discussed. 
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CHAPTER I 

 

 

STATEMENT OF THE PROBLEM AND LITERATURE SURVEY 

 

 

Even before Horace Mann asked, “A gentlemen has invested $140,768.25 in two 

estates, one of which is worth $89,329.18. What was the cost of the other?” (Mann & 

Chase, 1855), learning mathematics in school included both computational fluency and 

comprehension. Computational fluency, or the ability to recall and manipulate numbers, 

and comprehension, or the ability to communicate a response or solution to a problem 

using language, are separate mathematical skills distinguished by the addition of 

linguistic information (Fuchs et al., 2008). Comprehending and communicating in this 

language of mathematics are vital skills required of students who are preparing for 

college and career readiness (Clark & Shinn, 2004). 

These skills of comprehension and communication are also essential parts of the 

curriculum in the classroom, including the intermediate elementary grades (Griffin & 

Jitendra, 2009; Oregon Department of Education [ODE], 2011; Rittle-Johnson, Siegler, & 

Alibali, 2001). Research has suggested that phonological processing underlies math skills 

(Fuchs et al., 2006). Making valid inferences about a student’s proficiency in math 

requires comprehension and communication to be measured separately; however, current 

educational measures in math do not consistently recognize or clearly evaluate them 

distinctly from other math skills (Clark & Shinn, 2004; Fuchs et al., 2008).  

The importance of identifying students with deficits in math comprehension and 

communication is increasing as the 2014 implementation of the Common Core State 
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Standards (CCSS) approaches. These standards include language components in 

mathematics and align with research about postgraduation math application. Embedded in 

the CCSS are eight standards of mathematical practice that describe the level of language 

required for a successful performance in mathematics. For example, the Attend to 

Precision standard of practice describes a desired outcome of mathematically proficient 

students who try to communicate precisely with others, using clear definitions to state 

their own reasoning (Common Core State Standards Initiative [CCSS], 2011). 

Proposed measures of the CCSS contain summative, performance-based 

assessments at each grade level. Starting in the third, fourth, and fifth grades, students 

will be asked to use mathematical language when taking these assessments. For example, 

one fourth-grade task will direct students to describe how they would configure the layout 

of a convenience store, including measurements of area and perimeter and a rationale of 

their design (SMARTER Balanced Research Consortium [SBAC], 2012; T. Alpert, 

personal communication, January 19, 2011). These new standards and their assessments 

have renewed the focus among administrators on all students’ practicing mathematical 

language (M. Callahan, personal communication, May 1, 2012). 

Students who have not acquired math skills by the end of their educational 

experience are denied access to important resources and opportunities in our society 

(National Governors Association, 2010; Schoenfeld, 2002). Given the “relative dearth of 

research” on math measures (Chard et al., 2005), more specific diagnostic tools are 

needed to identify students who may require support to reach the standards (Clarke & 

Shinn, 2004; Gersten, Jordan, & Flojo, 2005).  
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At the student level, there are external and internal factors that impact math 

performance. External demands of the school curriculum and its language content provide 

both opportunity and challenges. Internal demands impacting students’ cognitive 

functions may support or impair math achievement (Fuchs et al., 2006). For example, 

working memory’s processing abilities have been linked to students’ ability to solve math 

problems from simple early arithmetic (Imbo & Vandierendonck, 2006) in the 

intermediate grades (Lee, Ng, Ng, & Lim, 2004) and in high school students (Kyttala, 

2008). Research has explored the impact of a variety of other issues such as language or 

behaviors on students’ processing skills as reflected in their math performance (Cirino, 

Fletcher, Ewing-Cobbs, Barnes, & Fuchs, 2007).  

One measure of process skills used in social science research is verbalization, or 

audible verbal reporting by a participant. Verbalizations are the overt, verbal expression 

of normally covert mental processes (Baumann, Jones, & Seifert-Kessell, 1993). 

Verbalizations are an important source of information about the cognitive process that 

could otherwise be investigated only indirectly (Wade, 1990).  

An example of a verbalization prompt is 

I’m going to think out loud while I solve this problem. That means I’m 

going to say everything that goes through my mind. [Model verbalization]. 

Now I’m going to ask you to solve a problem the same way. Just say 

everything that goes through your mind while you solve the problem. 

(Johnstone, Bottsford-Miller, & Thompson, 2006) 

 

Verbalization has been used to elicit subjects’ strategies, and to refine, clarify and 

validate subjects’ responses (Ferrara, 2008). Verbalization has also shown promise as a 

measure for low-performing students (Anderson, Lai, Alonzo, & Tindal, 2011). As one 
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student said, if she could explain the problem, she could solve it (C. Wright, personal 

communication, December 13, 2010).  

 

Purpose of This Study 

 

 

The purpose of the study was to investigate the relations between various 

components of a verbalization measure intended to collect information on students’ 

comprehension of math word problems, and to identify the effects of student-level factors 

on those relations. I used a concurrent verbalization measure to document the influence of 

language demands and working memory. I then explored to what extent the variability 

recorded was correlated with scores on reliable measures of math and reading. Finally, I 

described the effects of student-level factors on these scores. The specific research 

questions are as follows: 

1. Is there a relation between components of a measure used to evaluate students’ 

ability to verbalize on the process for solving math word problems? 

2. Is there a relation between students’ ability to verbalize on the process for 

solving math word problems, and students’ reading fluency or comprehension on a 

reliable assessment, measured by the DIBELS Next reading assessment including 

measures of Oral Reading Fluency, retell, comprehension, and a composite score which 

considers percentile rank? 

3. Is there a relation between students’ ability to verbalize on the process for 

solving math word problems, and students’ ability to solve math problems on a reliable 

assessment, measured by easyCBM math composite score and percentile rank? 
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4. What is the effect of student-level factors of grade, Special Education 

eligibility, socioeconomic status, second language, and Talented and Gifted designation 

on students’ ability to verbalize about a math word problem? 

 

Literature Survey 

 

 

To locate studies relating to verbalization, its application to math comprehension, 

and factors impacting mathematical performance in elementary students, I searched 

electronic databases (ERIC, Google Scholar, Academic Search Premier, PsychNet, 

WebScience). Table 1 lists the terms used, both alone and in combination, while 

searching these databases.  

 

TABLE 1. Words and Phrases Used in Literature Search, by Topic 

    Verbalization     Mathematics Internal and External Demands 

Cognitive labs 

Cognitive interviews 

Verbal report 

Think-aloud 

Verbalization 

Concurrent verbalization 

Coding 

Scoring 

Retell 

Comprehension 

Assessment 

Multidimensionality 

K-12 elementary 

Problem solving 

National Council of Teachers 

of Mathematics 

Curriculum 

History of math  

Working memory 

Linguistic deficits 

Second language 

English Language Learners 

Poverty 

Socioeconomic Status 

Inattentive Behavior 

Student age 

Grade 

Reading skills 
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As a result of these searches, over 375 articles, dissertations, and reports were 

located and examined. Titles and abstracts were screened according to various specific 

criteria. Of these articles, 113 were included because they contained one or more of the 

following attributes: (a) a description of the multidimensionality of mathematics; (b) a 

description of research relating to early identification of mathematical skills or deficits; 

(c) a description of the role of working memory in math problem solving; (d) a 

description of the impact of curriculum changes, student age, grade and gender, linguistic 

deficits, inattention, socioeconomic status, English language learners, or reading skills 

and math problem solving; (e) a description of the components of verbalization or 

concurrent verbalization; (f) specific information relating to verbalization and math 

comprehension; or (g) specific information relating to the validity of the measures used in 

this study. 

 

External Demands Affecting Mathematics Performance 

 

 

From infancy, humans have demonstrated an understanding of addition and 

subtraction. This understanding provides the basis for the development of mathematical 

skills (Wynn, 1992). As preschoolers, children have the capacity to learn mathematics 

(Cross, Woods, & Schweingruber, 2009). Entering school, children face the work of 

understanding all dimensions of math, filtered through their own abilities and needs. The 

external demands of curriculum, which students rely on for special comprehension 

strategies (Kintsch & Greeno, 1985; Schoenfeld, 2002), and the special features of 

language of math (Tindal & Anderson, 2011) each have an impact.  
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Curriculum 

 

 

Curriculum has been defined as a sequence of learning opportunities provided to 

students in a field of study, playing a crucial role in student learning. Explicit instruction 

by a child’s teachers is one of the greatest aids to fluent comprehension in major content 

areas (Wolf, 2007). Students recognize that special math skills, such as strategies to solve 

math word problems, are learned in school (Kintsch & Greeno, 1985; Kloosterman & 

Cougan, 1994). Research has demonstrated that curriculum has a profound effect on 

student achievement (Schmidt et al., 2001) and that a consistent curriculum adhered to 

over time and across grade levels results in student success (Datnow, Borman, & 

Stringfield, 2000).  

In American education, the curriculum for mathematics has shifted priorities over 

the last 50 years, and the role of comprehension in math instruction has been continually 

redefined. Mathematics instruction focused primarily on algorithmic computational skills 

until the “New Math” of the 1960s emphasized comprehension (Klein, 2003). In 1989, 

the National Council of Teachers of Mathematics (NCTM, 2009) introduced its Guiding 

Principles and Standards for teachers of mathematics to elementary math instruction 

(NCTM, 2009). These standards provided a common basis for curriculum, but set off 

“math wars” over their emphasis on collaborative understanding at the expense of 

teaching traditional algorithmic tools (Klein, 2003). Over time, classroom changes 

mirrored the standards and curriculum fluctuations. The effect on students who started 
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kindergarten in 2000 was exposure to up to four curriculum changes in math before 

graduating from high school.  

These changes also affected the majority of teachers, who did not have the 

opportunity to establish and maintain a consistent curriculum. To be successfully adopted, 

a new curriculum required time and energy on the part of teachers (Datnow et al., 2000; 

Earl & Katz, 2000). With shifting standards and resources, teachers were found to 

vacillate back and forth between the old and new, using parts of both in their classroom 

instruction. These shifts contrast with research demonstrating that student achievement 

increased when content-specific curricula were consistently implemented in the 

elementary grades (Datnow et al., 2000).  

In 2006, NCTM published curriculum focal points and process standards that 

identified the most critical math topics at each grade level. The focal points were intended 

as a step toward the implementation of the Common Core State Standards (CCSS), and 

included computational fluency in the intermediate grade levels (NCTM, 2011). These 

NCTM process standards are the partial basis for the CCSS (Common Core State 

Standards Initiative, 2011). 

These CCSS are national standards to be implemented in adopting states by 2014. 

The mission statement of the CCSS initiative includes the goal of providing a “consistent, 

clear understanding of what students are expected to learn, so teachers . . . know what 

they need to do. . .” (CCSS, 2011). The standards describe the ways students will be 

required to use language to demonstrate math comprehension skills (ODE, 2011). Nested 

in the CCSS are eight standards of mathematical practice. The practice standards describe 
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the expertise that teachers at all grade levels should seek to develop in their students, and 

describe expectations for teachers and students that apply across grade levels and specific 

curriculum topics. The practices support the expectation that students will use language to 

explain mathematical concepts and how they applied them, and to clearly and precisely 

construct viable arguments to support their reasoning and critique the reasoning of others. 

Examples from the practice standards for using mathematical language include the 

expectation that students can explain correspondences between information, construct 

arguments using concrete referents that make sense and are correct, and listen to the 

arguments of others and ask useful questions to clarify or improve the argument (CCSS, 

2011).  

SBAC’s draft assessment of the CCSS includes measures of student performance 

on these eight practice standards. According to SBAC, one of the underlying reasons for 

the assessment is communication, especially students’ “ability to explain why given 

procedures work.” For example, a proposed SBAC assessment would require 

fourth-grade students to read and understand a scenario or context to reach and 

communicate a solution, as assessed by constructed responses or performance tasks 

(CCSS, 2011; SBAC, 2012). 

 

Language Demands and Linguistic Features of Math Problems 

 

 

For decades, researchers have been interested in the impact of linguistic features 

on students’ ability to solve math word problems. This interest was due to the relative 

lack of success most students demonstrate with these problems (Nesher, 1980). In the 
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1980s, researchers began to identify the challenges of the language of math problems by 

categorizing their structures (Riley, Greeno, & Heller, 1983). Research suggested that the 

language of academic word problems is separate from problems students would encounter 

in “real life” (Nesher, 1980). More recently, language was identified as one of seven 

cognitive functions correlated with solving arithmetic word problems (Fuchs et al., 2006). 

The cognitive functions included language, nonverbal problem solving, concept 

formation, working memory, long-term memory, attention, and sight-work efficiency 

(Fuchs et al., 2006). These researchers also discussed the effect of a math problem 

presented with a graphic, not simply with written language. 

This complexity of language has been found to impact the speed or accuracy of a 

solution found by students with issues relating to language (Lean, Clements, & Del 

Campo, 1990; Tindal et al., 2003). In English language learner (ELD) students, linguistic 

features have been found to have a significant negative effect on the scores of a large-

scale assessment of fourth-grade students (p < .05: prepositions (-.146), ambiguous words 

(-.194), complex verbs of < 3 words (-.090), pronouns (-.148), and math vocabulary 

(-.184). Researchers speculated that, due to less sophisticated verbal skills, the language 

in math word problems may impact the performance of fourth-grade ELD students more 

than older students (Shaftel, Belton-Kocher, Glasnapp, & Poggio, 2006). 

The complexity of language was considered in the development and validation of 

appropriate assessments for students with significant disabilities (Tindal et al., 2003; 

Tindal, Yovanoff, & Geller, 2008), in middle school students with identified learning 

disabilities (Helwig, Anderson, & Tindal, 2002), and for persistently low-performing 
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students without significant disabilities (Anderson et al., 2011). Construct validity 

concerns were common to these studies. For example, to provide access to measure the 

underlying math skills, test administrators may simplify the vocabulary in a word problem 

to avoid entangling language skills. However, simplifying the story problem into a 

computational problem may not correctly capture a student’s decision-making skills 

(Tindal & Anderson, 2011). To make participation meaningful, the administration of 

these assessments requires flexibility; however, this flexibility may compromise the 

validity of the inferences as well as the specific judgments about a student’s proficiency 

(Tindal et al., 2008). 

The SBAC (2012) draft assessment of the CCSS in math described the 

intentionality of the assessment design to minimize the impact of unnecessary linguistic 

complexity of math items as a source of irrelevant interference for ELD students and 

students with a disability. In addition to the assessment design considerations, SBAC 

suggested allowing students to use the language in which they are the most proficient, due 

to the high level of verbal and written communication skills required to demonstrate 

competency in math.  

 

Internal Student-Level Factors Affecting Mathematics Performance 

 

 

Student-level factors impact students’ mathematical performance. These factors, 

including student age and grade, working memory (Berg, 2008; Swanson, 2006; Swanson 

& Beebe-Frankenberger, 2004), inattentive behaviors (Swanson, 2006), linguistic deficits 

(Fox, Ericsson, & Best, 2011), socioeconomic status (Jordan, Kaplan, Olah, & Locuniak, 
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2006), and English as a second language, have all been related to mathematical fluency 

(Fuchs et al., 2008; Swanson & Beebe-Frankenberger, 2004). A student’s reading skills 

have also been demonstrated to be a predictor of both computational and problem-solving 

skill (Fuchs et al., 2008). 

 

Student Age 

 

 

Given that our current education model strongly links age and grade, older 

students have increased access to and practice with the special skills of math problem 

solving, leading to higher ability in math (Kintsch & Greeno, 1985). More recent research 

relating to working memory found that beginning in third grade, students increasingly 

rely on the visuo-spatial aspect of working memory for math reasoning, specifically on 

word problems (Meyer, Salimpoor, Wu, Geary, & Menon, 2010). As students age, growth 

in their executive processing capacity has been a more important predictor of their 

problem-solving skills than reading or calculation skills (Swanson, 2006).  

 

Working Memory 

 

 

Working memory has been defined as the short-term storage of information used 

to perform a task (Wolf, 2007). While our understanding of the cognitive mechanisms in 

working memory that specifically support math are limited, the functions of a student’s 

working memory have been confirmed as an important predictor of problem-solving 

skills both generally (Swanson & Beebe-Frankenberger, 2004) and specifically for the 

intermediate grades (Lee et al., 2004; Meyer et al., 2010; Passolunghi & Siegel, 2001). A 
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student’s working memory has been described as a pivotal source of variance in 

elementary math performance, especially in problems featuring language tasks involving 

manipulation and transformation of information (Siegel & Ryan, 1989). 

In reading, processing speed was linked to the quality and quantity of semantic 

knowledge activated. In other words, the more a reader knew about a word, the faster it 

was recognized and understood (Wolf, 2007). The processing speed of intermediate-grade 

students’ working memory during reading decoding strongly predicted their math 

computational fluency (Hecht, Torgesen, Wagner, & Rashotte, 2000). Working memory 

has also been described as a major determinant of the differences between an average 

student and a student with math difficulties, underlying most math disabilities (Swanson 

& Jerman, 2006).  

Recent research has focused on the interaction of the components of working 

memory and specific dimensions of math. The Baddeley model first described working 

memory as made up of two temporary storage areas, the auditory-verbal and the visuo-

spatial, accessed by a central executive that prioritizes information and guides decision-

making. Later, Baddeley (2010) described an “episodic buffer,” linking working memory 

with awareness. The central executive was described as the “core” of working memory 

(Salmon et al., 1996). This central executive was demonstrated to have as much influence 

on math performance as literacy or an overall cognitive score, and was predictive of 

intermediate age students’ performance on algebraic word problems (Lee et al., 2004).  

The visuo-spatial “sketchpad,” primarily responsible for the generation and 

manipulation of mental images (Meyer et al., 2010; Swanson & Beebe-Frankenberger, 
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2004), has been connected with algebraic, geometric, and other word problem-solving 

abilities in older students (Kyttala, 2008; Reuhkala, 2001). As children enter the 

intermediate grades, visuo-spatial representations have been found to play an increasingly 

important role in math reasoning. Where second-grade students rely on the central 

executive and phonological components for math reasoning, third-grade students 

increasingly use visuo-spatial functions for these same skills (Meyer et al., 2010). Brain 

research on adult subjects confirmed the role of the visuo-spatial function during working 

memory tasks (Salmon et al., 1996), and research on student subjects continued to seek to 

untangle the role of working memory and other cognitive functions in solving math word 

problems (Fuchs et al., 2006). 

 

Inattentive Behavior 

 

 

Attentive behavior was called a “critical cognitive determinate” in all facets of 

math performance, including the computational skills required to solve math word 

problems (Fuchs et al., 2006). Behavioral inattention has impacted student performance 

on most measures of arithmetic skills (Cirino et al., 2007). Research has identified 

retrieval speed and prioritizing as sources for the lower mathematical tasks performance 

of students with attention deficits. Students with attention disorders are primarily slower 

in math facts retrieval, which influences the speed at which a student is able to solve math 

word problems (Zentall, 1990). 

Researchers have speculated that the required prioritizing of information in the 

solution of a math word problem created difficulty for an inattentive student. When 
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students are unable to attend, the function of working memory is interrupted. As a result, 

students have a decreased ability to filter and prioritize the information required, resulting 

in lowered ability to solve a math word problem (Passolunghi & Siegel, 2001; Raghubar 

et al., 2009). While research established inattentive behavior’s impact on computational 

fluency (Fuchs et al., 2008; Kercood, Zentall, & Lee, 2004; Swanson, 2006), the 

underlying nature of the impact of inattention on math performance is not yet clear (Fuchs 

et al, 2006). 

 

Language Deficits and Disabilities 

 

 

Studies of the impact of students’ language deficits and disabilities on math 

performance generally follow two themes: intervention and assessment. Studies of 

interventions describe effective instructional practices for students with disabilities (e.g., 

Mercer & Miller, 1992; Montague & Bos, 1986). Studies relating to assessment focus on 

the ability to appropriately measure a student’s knowledge and skills in math, including 

comprehension, differentiated from a student’s disability (Tindal & Anderson, 2011). 

These studies verify the correlation between an identified disability and math 

achievement. The SBAC proposed assessment of the CCSS acknowledged the need to 

design assessments and provide accommodations to “get around” barriers created by 

disabilities (SBAC, 2012).  

Research described types of disabilities that interfere with performance on math 

assessments: learning disabilities, emotional disorders, and speech-language disorders. 

Learning disabilities are clearly connected with math performance by research. Research 
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has attempted to identify patterns of math performance within this disability. Lower 

visuo-spatial and mathematical abilities across grade levels were found in students with 

an identified learning disability. However, males with a learning disability have 

demonstrated strengths in mathematical reasoning even while their computational fluency 

remains below the mean (Vogel, 1990). Under the Individuals With Disabilities 

Education Improvement Act (2004), eligibility for a learning disability was defined by the 

discrepancy between their performance in math or other academic areas and their 

potential in these areas. 

The impact of a speech-language disability on math achievement has also been 

examined by researchers. One longitudinal study compared the academic growth through 

the intermediate grades of students with speech-language impairments and that of 

students with a developmental delay. Though both groups received early preschool 

interventions and continued to receive services during their primary and intermediate 

school years, by age 10 (fifth grade) the students with speech or language impairment 

continued to have significantly higher mean scores on a normed assessment in math than 

students with a developmental delay (Carlson, Jenkins, Bitterman, Keller, & Lauer, 

2011).  

Students with identified emotional and behavioral disorders generally experience 

large academic achievement deficits in all content areas. Over time, from the end of the 

intermediate grades through high school, these students demonstrate a growing deficit in 

math scores, measured by performance on a normed test (Nelson, Benner, Lane, & Smith, 

2004).  



 

17 

 

 

Socioeconomic Status 

 

 

A study on the impact of poverty on math achievement found that kindergarteners 

from low-income families were over 17 times more likely to score below grade level on 

math assessments. As the study followed the students through their elementary years, 

these students generally made parallel gains in math compared to their higher-SES peers, 

but they did not make enough gains to demonstrate the same levels of achievement. 

Unlike growth in other math skills such as computational fluency, these students 

demonstrated almost no growth in their ability to comprehend math word problems 

(Jordan et al., 2006). 

Young children have the capacity to learn mathematics, but that potential is often 

not realized due to a lack of math exposure or opportunity in their environments (Cross et 

al., 2009). Because of this gap between potential and achievement, some researchers 

describe this lack of exposure to mathematical thinking as a specific type of deficit. Low 

math achievement has been described as “pronounced” in students from low-income 

households to the extent of being called a civil rights issue (Schoenfeld, 2002).  

Frequent moves, with attendant changes in curriculum among other more specific 

variables, have had an almost uniformly negative impact on the academic achievement of 

intermediate-grade students (Ingersoll, Scamman, & Eckerling, 1989). For example, in a 

study of Arizona student mobility in Grades K-12, students eligible for free or reduced 

lunch moved almost twice as many times during their elementary years (Fong, Bae, & 

Huang, 2010).  
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Sociocultural modifications have also been suggested for students who live in 

poverty (D. Beagle, personal communication, September 1, 2011). While linked to 

research in poverty and language, accommodations related to socioeconomic status are 

not specifically addressed in discussions of proposed assessments of the CCSS (SBAC, 

2012). 

 

English as a Second Language 

 

 

Researchers have continued to explore why students learning English as a second 

language generally score lower than the mean on math word problems. A proposed CCSS 

assessment suggested providing multiple opportunities for students learning English as a 

second language (ELD) to communicate their understanding through performance tasks 

or other multiple domain expressions (SBAC, 2012), acknowledging a concern about 

second language and math word problems. Research has examined the relationship 

between complex linguistic factors and students’ English language skills (Lean et al., 

1990). However, language simplifications of math word problems have not consistently 

boosted ELD scores (Shaftel et al., 2006).  

One study of fourth- and eighth-grade English language learners suggested that 

the level of their parent’s education was more highly related than language to student 

performance in reading. In this study, the mean reading scores of students whose parents 

had not completed 12th grade was over 15 points lower (M = 25.2, SD = 14.1) than ELD 

students whose parents had completed postgraduate work (M =40.4, SD = 19.6; Abedi, 

2004). The variance in scores on large-scale tests has been attributed primarily to other 
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factors such as student mobility and economic status (Abedi, Courtney, & Leon, 2003; 

Lord, Abedi, & Poosuthasee, 2000). 

Researchers have described how ELD students averaged more mobility than other 

subcategories of students, including those in poverty (Fong et al., 2010), compounding 

the negative impact of frequent moves on the achievement of these students (Ingersoll 

et al., 1989). Other researchers suggested that the sociocultural context of math word 

problems, not simply language translation, is needed to appropriately measure ELD 

student skills (Solano-Flores & Trumbull, 2003).  

 

Reading Skills 

 

 

Reading difficulties are an important correlate of math difficulties (Swanson & 

Jerman, 2006) and of outcomes in math on large-scale assessments (Castillo, Torgesen, 

Powell-Smith, & Al-Otaiba, 2009). Students with difficulty in both subjects experienced 

deficits in both computation and problem solving (Fuchs & Fuchs, 2002; Jordan & 

Hanich, 2000, 2003). 

Recent research has sought to tease out the differences between student 

disabilities in math and reading (Fuchs et al., 2008). Students with difficulties only in 

math may perform better than students with math and reading disabilities because they 

are simply more able to follow the math problem’s narrative, literally helping them 

understand the problem better (Powell, Fuchs, Fuchs, Cirino, & Fletcher, 2009).  

Notably, research has confirmed that students who are on target in reading are not 

immune from deficits in math. These measurable, specific skill deficits do not 
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significantly improve as students age (Swanson & Jerman, 2006). While students who 

struggle in both math and reading lag farthest behind in math scores, a separate subset 

consistently underperforms in math despite normal reading scores (Hanich, Jordan, 

Kaplan, & Dick, 2001; Jordan & Hanich, 2000; Landerl, Bevan, & Butterworth, 2004; 

Swanson & Beebe-Frankenberger, 2004). Research confirms the need to identify the 

“core deficit” of mathematics disability (Chiappe, 2005). Further, math disabilities are an 

“underestimated” research topic (Gregoire & Desoete, 2009).  

The relationship between math comprehension and communication, and the 

variables impacting student math achievement, including curriculum changes, language 

demands of assessments, student age and grade, cognitive functions of working memory, 

inattentive behaviors, linguistic deficits, socioeconomic status, second language skills, 

and reading skill, are not well understood. The complexity of this relationship includes 

the multidimensional nature of both the math problems and the students who are solving 

them.  

 

Current Measures of Math Comprehension 

 

 

Proficiency in mathematics is a combination of knowledge and skills (Cross et al., 

2009). A meta-analysis conducted by Fuchs et al. (2008) questioned whether the separate 

skills in mathematics could be measured through a single type of assessment, concluding 

that assessing computational and problem-solving skills separately is of “critical 

importance” in order to identify specific difficulties. Mathematics professionals have long 

expressed concerns about whether current tests of mathematics adequately emphasize 
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comprehension (Romberg, 1992). The Fuchs study noted the need for an exploration of 

alternative forms of assessment specifically related to comprehension (Fuchs et al., 2008). 

Currently, both curriculum-based measures and large-scale, standards-based 

assessments are commonly used to measure student math performance. Multiple studies 

support the use of Curriculum-Based Measures (CBMs) to measure student progress and 

to inform and guide instruction (Marzano & Haystead, 2008). CBMs are used to screen 

and monitor the progress of students who may be at risk (Anderson, Alonzo, & Tindal, 

2009; Anderson et al., 2011). CBMs may also be used to establish standards for all 

students (Deno, Fuchs, Marston, & Shin, 2001). In primary grades, CBMs using number 

sense have been confirmed as a reliable early indicator of a student’s elementary math 

achievement (Chard et al., 2005; Clarke & Shinn, 2004; Jordan et al., 2006). 

Standards-based measures such as the Oregon Assessment of Knowledge and 

Skills (OAKS) and the Texas Assessment of Knowledge and Skills (TAKS) have been 

used to compare individual student math performance against a set of expectations at 

grade and benchmark levels, and have included both computation and comprehension 

components using multiple-choice, computer-based tests (Carr-George, Vannest, Willson, 

& Davis, 2009; ODE, 2010a; Texas Education Agency [TEA], 2011). Reliability and 

validity of the TAKS was described in the Texas National Comparative Data Study, 

conducted to compare the achievement of Texas students to a national benchmark. This 

study reported the reliability of the TAKS in math by grade, including the intermediate 

grades, and found strong evidence of reliability (r ≤ .920) in the intermediate grades 

(TEA, 2008). 
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Concurrent Verbalization as a Measure of Comprehension 

 

  

Ericsson and Simon (1984, 1993) first classified types of verbalization measures. 

After examining verbalization studies, they identified different levels of verbalizations 

and described the process wherein subjects are asked to describe or explain what they are 

thinking. These studies demonstrated that participants were able to verbalize their 

thoughts about a task during the task, including mathematical tasks, without changing the 

accuracy of their performance. From their studies, these researchers developed 

recommendations for using verbalization as a measure, including using similar tasks as a 

warm-up exercise to give subjects practice in expressing their thoughts directly without 

explanation or indirect information. 

A meta-analysis of 94 studies based on Ericsson and Simon’s (1984, 1993) work 

affirmed that when subjects were asked to verbalize their thoughts during a task, their 

performance on the task was not altered. An effect size “indistinguishable from zero” 

(r = -.03) was found, even across factors such as type of task. This meta-analysis included 

verbalization on a wide range of math problems of varying difficulty (Fox et al., 2011). 

A connection was also established between the speed of a subject’s verbalizations 

and the difficulty of the task. When subjects were working under a heavy cognitive load, 

they tended to either stop verbalizing or provide less complete verbalizations (Fox et al., 

2011). The difficulty of a test item impacted the verbalization because highly skilled 

students work automatically and less-skilled students have trouble explaining why they 

do not understand. Overall, verbalizations appeared to be an effective measure of 
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comprehension with a variety of students on items of low to moderate difficulty 

(Johnstone et al., 2006). 

Retell verbalization, or verbalization following reading, is a simple and efficient 

tool that, when used with a fluency measure, provided a more complete picture of reading 

comprehension (Baumann et al., 1993) and added significantly to validity of related 

inferences (Marcotte & Hintze, 2009). Students responding to a retell prompt must be 

able to recall information read in text and express it orally. This recall differs from simply 

recognizing information read, as assessed by multiple-choice questions referring back to 

text. Retell verbalization is an equivalent item across passages and often resembles 

classroom instruction (Reed, 2011; Roberts, Good, & Corcoran, 2005). DIBELS Next is 

an example of an assessment that uses retell verbalization to measure reading 

comprehension (McKenna & Good, 2003). 

The Fox meta-analysis proposed that the most accurate method of understanding a 

subject’s cognitive processes is concurrent verbalization, or the verbalization of task-

relevant thoughts generated between the start and completion of a task. The purpose of 

concurrent verbalization is to access the information contained in a subject’s short-term 

memory. Unlike other verbalization study methods such as probes or reflections, 

concurrent verbalization does not measurably interfere with a subject’s cognitive process, 

as it does not involve a reflection or other verbal or nonverbal encoding that may disrupt 

the task or influence the accuracy of performance (Fox et al., 2011). While validated 

using math problems, the focus of research using concurrent verbalizations has primarily 

been on reading and writing, where it has been used to examine the processes and 
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strategies underlying the act of reading in students of both average and below-average 

abilities (Medina, 2008).  
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CHAPTER II 

 

 

METHODS 

 

 

Setting and Participants 

 

 

The methods section describes the district and school where the study was set. It 

includes an explanation of the selection process, followed by a description of the 

participants and administrators. Finally, it describes the data-collection procedures in 

which students were administered a concurrent verbalization (CV) measure and a 

benchmark measure in both reading and math. These data were then analyzed using 

relational matrices, and significant relations were identified. 

 

Setting 

 

 

This study took place at a rural elementary school located in an approximately 

5,000-student school district in the Pacific Northwest. The district operates six 

elementary schools, one middle school, one high school, and a K-12 alternative education 

academy. The district mandated a minimum of 60 minutes a day for core reading and core 

math instruction in the intermediate elementary grades. Adherence to the mandate was 

confirmed by administrative classroom observations during the 2011-2012 school year. 

The setting is a K-6 elementary school with a population of 311 students. Its 

attendance area includes established farms, developments of larger homes, and two 

mobile home parks. Students are generally assigned to general education classrooms by 

their age. In addition to the 12 general education classrooms, the school hosts a self-
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contained class for students with severe disabilities and an early-intervention preschool 

program, both operated by the educational service district, and a private parent 

cooperative preschool.  

Table 2 lists the school’s student population and subgroups for the entire school, 

and for the intermediate grades from which the participants were selected.  

 

TABLE 2. School Enrollment by Subgroup 

Subgroup Number of Students  % of Total Population 

 K-6 3 4 5  K-6 3 4 5 

Total students enrolled  311 41 44 45  100 13 14 14 

Male  167 21 25 23  57 13 15 14 

Female 144 20 19 22  46 14 13 15 

Special Education (SpEd) 36 4 3 6  12 1 3 2 

Free or reduced lunch (F/RL) 113 13 18 17  36 12 16 14 

English Language Learners (ELD) 16 3 4 0  5 2 3 0 

Gifted (TAG) 8 2 2 4  3  3 5 

 

Note. Based on January 2012 school enrollment data. 

 

 

The school was designated Title I-A for the 2011-2012 school year and targeted 

reading support to identified students in kindergarten, first and second grades. Students in 

the intermediate grades did not directly receive Title I-A support; reading support in 

intermediate grades was provided through the school’s Response to Intervention program. 

Since 2010, the school continued its instructional focus of increased student engagement. 

In 2011-2012, it provided intermediate-grade teachers with professional development 
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focused on improved math instructional practices, and implemented a CCSS-based 

curriculum.  

 

Participants 

 

 

Intermediate-grade students at the school were assigned by grade to one of two 

classrooms at Grades 3, 4, and 5. The intermediate grades are the earliest to take the 

state’s large-scale assessment in math. Teachers in these six classrooms included four 

females and two males, all White, non-Hispanic. A fourth-grade teacher was in his 

second year of teaching and his first year at the school. The other five teachers had taught 

at the school from six to 27 years. All the teachers were licensed and designated highly 

qualified for their positions by the state.  

Of the six teachers, five provided math instruction. In third grade, students were 

assigned to a leveled group for math, and instruction was then provided by the grade-level 

teachers. In fourth grade, math was taught in each homeroom. In fifth grade, math 

instruction was provided by one teacher to two leveled groups on a rotating basis. The 

fifth-grade teacher who provided math instruction participated in extensive, continuing 

district-led professional development about the CCSS implementation during the 2010-

2011 school year. All intermediate-grade teachers participated in ongoing professional 

development targeting student engagement in math. All teachers participated in weekly 

data team meetings, where short-term learning targets for math were identified and 

student progress was measured. For the school year this study was conducted, progress 
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was measured by growth demonstrated by students eligible for free or reduced lunch 

assistance. 

All intermediate-grade students in these six classrooms were given the 

opportunity to participate in the study. Of the 128 students in the intermediate grades, 105 

(or 82%) participated in the study. The recruitment procedures were approved in writing 

by the University of Oregon’s Office for Protection of Human Subjects, the 

superintendent of the district, and the building administrator. Active consent was obtained 

from each participant prior to data collection. “Opt-out” consent letters were also mailed 

to parents and guardians. These letters explained the research study, outlined activities 

that would be involved, and detailed the anticipated benefits and possible risks of 

participation. The parent consent letters explicitly stated that participation was voluntary 

and that they had the right to revoke consent at any time during the study. The study was 

further described in the weekly school newsletter and in the administrator’s bi-monthly 

email to parents.  

Prior to the start of data collection, the study was explained verbally to students by 

the principal investigator in their classrooms. The explanation included a list of tasks they 

would be asked to perform, the assent process, and assurances that they could decline to 

participate at any time. They were also told their parents had been informed of the study. 

Participants were given a small incentive (e.g., a 25¢ gift certificate at the student store) 

for participation.  
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Table 3 describes the participants by student-level subgroups, in total and 

disaggregated by grade. The table reports the participants in both total number and 

percentage of the participant population. 

 

TABLE 3. Student Participants by Subgroup 

      Subgroup Total by Subgroup 

Grade 3  Grade 4  Grade 5 

N %  n %  n % 

Grade 105 40 38  28 27  37 35 

Male 43 21 56  14 50  18 49 

Female 52 19 48  14 50  19 51 

SpEd (Language) 5 3  >.1  1 >1  1 >1 

SpEd (Attention) 5 1 >.1  1 >1  3 8 

SpEd (other) 3 0 0  0 0  3 8 

F/RL 38 12 30  13 46  13 35 

ELD 7 2 >.1  3 1  2 >1 

TAG 6 2 5  0 0  4 1 

 

Note. Based on January 2012 school enrollment data. 
 

 

Measures 

 

 

This section describes the CV measure that is the subject of this study. Benchmark 

measures of reading and math used to compare outcomes are also described. 

 

Concurrent Verbalization Measure for Math 

 

 

The CV measure used a set of specific protocols based on DIBELS Next retell, 

materials from concurrent verbalization studies (Johnstone et al., 2006; Johnstone, Liu, 
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Altman, & Thurlow, 2007; Zucker, Sassman, & Case, 2004) and recommendations of the 

Fox et al. (2011) meta-analysis for concurrent verbalization protocols. The CV measure 

was also modified as a result of a pilot study. Each modification was targeted and 

addressed specific recommendations, considering that differences in wording of retell 

prompts have produced significant effects in student responses (Reed, 2011). 

The scoring protocols of the CV measure were based on the DIBELS Next 

protocols, and contained a fluency word count and four scored components: (a) whether 

the participant read the math question correctly, (b) whether an appropriate strategy or 

math concept was provided, (c) whether a correct answer was provided, and (d) an 

assigned quality score. 

The CV fluency word count was included to record the number of words used by 

participants to express task-relevant thoughts. Recording these thoughts has been defined 

as the intent of concurrent verbalization (Fox et al., 2011). Based on the pilot study, the 

scoring protocols counted individual words to 45, and a category for more than 45 words. 

The scored component recording whether a participant successfully read the word 

problem aloud was included to determine whether participants’ verbalizations were based 

on a correctly decoded problem. If a participant read the problem aloud with one or fewer 

errors, the administrator scored the problem as correctly read. Self-corrections and 

repeated or added words were not considered errors. The administrators did not begin 

counting words for the fluency score until after the student read the problem aloud; 

otherwise, words read aloud were not counted in the fluency word count.  
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The scored components of providing a strategy or math concept and of providing 

a correct solution were included based on the CCSS standards of mathematical practice. 

Measures under the CCSS assess students’ ability to make connections between 

information, and to construct arguments that refer concretely to information, make sense, 

and are correct.  

If participants provided a strategy that in the administrator’s judgment could result 

in a correct solution, the administrator credited the participants with providing a strategy 

or concept. Suggested strategies and math concepts for each problem were included on 

the scoring sheet, but administrators were directed to also credit participants who 

provided a plausible strategy or concept that was not listed. For example, one 

verbalization problem related to estimating the total number of toy cars. Potential 

solutions provided included three number sentences a student could express to reach the 

solution. However, students who stated a different number sentence aligned with an 

appropriate strategy were given credit for providing a strategy. 

When participants provided the correct answer, listed on the scoring protocols, 

they were credited. This component was included because the CCSS include the desired 

outcome that students will use mathematical thinking to reach a correct conclusion about 

a math problem. 

The quality score was assigned by the administrator based on the number of 

details, not words, provided by participants, and the organization of the presentation. A 

quality score of 4 was assigned if participants provided three or more details and a correct 

answer in a manner that described the math strategy or concept in an organized way. A 
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quality score of 3 was assigned if participants described three or more details that 

described the math strategy or concept in an organized way. A quality score of 2 was 

assigned if participants described three or more details about the problem. A quality score 

of 1 was assigned if participants described two or fewer details about the problem and 

their verbalization lacked a solving process or they appeared to guess. The quality score 

was included in the scoring protocol to compare participants’ fluency to the content of 

their verbalizations.  

The protocols from DIBELS Next were initially modified by changing the quality 

of retell score descriptions to reference math comprehension instead of reading. The 

DIBELS Next scoring sheet is found in Appendix B. After the pilot study, the protocols 

and scoring sheet were further modified based on interviews of students and 

administrators in order to support content validity (Reed, 2011). The protocol script used 

for the study included a description of the purpose of the verbalization, modeling by the 

administrator, an opportunity for the subject to practice, and a reminder of the purpose 

(Johnstone et al., 2006). The script also used a practice question at each grade level as its 

subject, selected from the TAKS practice tests (TEA, 2011). The script, practice 

questions and subject questions are seen in Appendices C, H, and I.  

The TAKS sample problems were selected from sample tests provided by the 

TEA online (TEA, 2011). The problems were first sorted by grade level. Problems with 

graphics such as charts were excluded. This exclusion was based on concerns regarding 

the variable of nonverbal problem solving, or the ability to complete patterns presented 
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visually, which has been identified as a unique predictor of word problem-solving skills 

in primary grades (Fuchs et al., 2006). 

As a method of minimizing concerns regarding language load and vocabulary, 

problems were excluded if they included more than one specialized math vocabulary 

word, defined in this study as words that, used in context, have a specialized 

mathematical meaning (Helwig, Rozek-Tedesco, & Tindal, 1999). For example, a 

problem was considered if it stated, “Kim is building a table. The perimeter is 48 ft. What 

is the length of one of the sides?” but excluded if it stated, “Kim is building a table in the 

shape of an octagon. The perimeter is 48 ft. What is the length of one of the sides?” 

Sample problems are seen in Appendix I.  

After these exclusions, a set of six or seven problems at each grade level remained 

from the TEA sample TAKS test set. These problems were then checked for alignment 

with the grade-level standards in Oregon. Problems were screened to conform in content 

and difficulty. Each set of grade-level problems had an identical number of steps to 

solution. For example, if a problem at third grade required the participant to compute the 

perimeter based on the provided measurement of two of the sides (one step), a problem at 

fourth grade was excluded if it required computing the perimeter, then using it to solve an 

equation (two steps).  

After screening, three problems were selected at each grade level. Answers to the 

word problems were not provided to the subjects, following the pilot study findings. 

Appendix I contains the nine problems used for participants’ verbalizations.  
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Benchmark Measures 

 

 

Two measures, DIBELS Next reading assessment and easyCBM math tests, were 

used to provide benchmark scores in reading and math. The criteria for selection for the 

benchmark measures included being research-based and widely available in elementary 

settings.  

 
Reading Benchmark 

 

 

DIBELS Next is a curriculum-based assessment of grade-level reading skills 

(Good & Kaminski, 2002; Kaminski & Cummings, 2007). At each grade level, DIBELS 

Next measures and reports reading fluency, reading comprehension, and a composite 

score reflecting both fluency and comprehension scores and percentile rank. DIBELS 

Next benchmark goals were developed based on data from a large-scale study, and reflect 

the probabilities of students meeting later important reading outcomes (DMG, 2011). 

Fluency is measured by providing subjects with three grade-level passages to read aloud 

while an administrator records the words read correctly in one minute. To measure 

comprehension, the DIBELS Next has two subtests: retell and DAZE (Dynamic 

Measurement Group [DMG], 2011). Retell is a type of verbalization (Fox et al., 2011). 

DIBELS Next retell protocols require the retell measure to be administered immediately 

following oral reading of each of the fluency passages. The retell scores included retell 

fluency, which measures the number of on-topic words students use to describe the 

passage they just read. Retell quality is scored based on the number of details provided, 

the order in which they were provided, and whether they contained the main idea of the 
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passage. The scoring process is identical in each of the intermediate grades (DMG, 2011). 

An example of the scoring sheet from 5th-grade DIBELS Next can be seen in 

Appendix B.  

 

Math Benchmark 

 

 

EasyCBM is a curriculum-based assessment program for math and reading. 

EasyCBM focused on conceptual understanding of a student’s knowledge and skills, 

targeted in the Focal Point Standards of NCTM (Nese et al., 2010). EasyCBM was found 

to be a reliable measure of math skills in the intermediate grades (Anderson et al., 2009). 

Its scores are strongly correlated to student scores on large-scale assessments in math 

(Anderson, Alonzo, & Tindal, 2010a; Nese et al., 2010), both historically and under 

current Oregon math standards (Anderson, Alonzo, & Tindal, 2010b; Anderson et al., 

2011; Park, Irvin, Anderson, Alonzo, & Tindal, 2011). At each intermediate grade level, 

easyCBM provides three math tests based on grade-level standards, curriculum, and 

large-scale assessments. Research-based grade-level targets are included in the program 

(Anderson et al., 2009; Anderson et al., 2010b; easyCBM, 2009). The sum of the three 

subtest scores may be used, with the percentile rank, to compare student scores 

(G. Tindal, personal communication, February 17, 2012).  

EasyCBM is an effective way to measure persistently low-performing students 

under the four guidelines of validity, reliability, accessibility, and alignment (Anderson et 

al., 2011). While there are anticipated changes to the math standards found in the CCSS, 
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easyCBM retains the potential to identify students who are at risk (Anderson et al., 

2010b). 

 

Pilot Study 

 

 

In order to increase the reliability of the CV measure, a pilot study was conducted. 

The pilot study included three practice administrations: Fall 2010, Winter 2010, and Fall 

2011. As with the study, the pilot was administered in conjunction with the DIBELS Next 

screener in reading.  

 

Pilot Administrators and Training 

 

 

For the fall 2010 and winter 2010 pilot phases, administrators were three certified 

teachers, four instructional assistants and two work-study students from an education 

program at a local community college. The teachers had between 5 and 10 years of 

experience in education. In addition to their licenses in elementary multiple subjects, one 

teacher had a license endorsement in reading, one in special education and one in both. 

The instructional assistants were all designated highly qualified by the state of Oregon 

based on their college-level course work and experience in education. Of the two work-

study students, one was completing her second year of a planned 4-year degree in 

education and the other was in the last two semesters of a program to certify educational 

instructional assistants.  

Prior to the first pilot phase, administrators were trained on the DIBELS Next 

retell protocols. The instructional assistants attended a one-hour training session. The 



 

37 

 

training included a review of the DIBELS Next administration guide, a period for 

questions and answers, followed by 15 minutes of guided practice with modeling of retell 

administration and scoring. The teachers participated in a 15-minute training period 

specifically relating to DIBELS Next retell verbalization protocols. In addition to their 

experience in administering assessments, all teacher-administrators had experience and 

training in administering the DIBELS Next reading fluency measures. 

 

Pilot Concurrent Verbalization Measure Development 

 

 

For the first pilot phase, a problem in the strand of Numbers and Operations was 

selected at each grade level from the OAKS practice tests (ODE, 2010b). Each grade 

level’s problems were printed from the ODE website with the answers. The problem and 

the prompts were cut and pasted into a format similar to that of the DIBELS Next reading 

measure, including the DIBELS Next scoring protocols (see Appendices A and B). 

Specifically, the retell prompt and procedures were copied from the DIBELS Next 

reading retell with the substitution of the word “problem” for the word “story.” 

Administration protocols from the DIBELS Next reading retell were followed. Students 

were allowed one minute to read the problem, and one minute to retell. The problem was 

removed from the student’s view after the first one-minute period. Administrators 

recorded both retell fluency and quality of retell scores, based on the reading retell 

protocols. 

Following the first pilot phase, students and administrators were interviewed. 

Both groups reported confusion over specific aspects of the pilot measure and protocols. 
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Students reported that they did not understand that the intent of the instructions was to 

describe the components of the problem. Administrators reported that when students were 

shown the math word problem with the answers, students would frequently respond by 

providing the answer they selected—e.g., “12” or “d.” Time for a student’s response 

would expire as he or she struggled to understand the task, and additional prompting or 

explanation was often required to obtain an on-topic student response. 

Administrators also reported that about one in three students finished reviewing 

the single math word problem before the one-minute period was over, creating a delay 

between their review and their prompt to retell. During this delay, students engaged in 

off-task behaviors, including conversing with administrators, asking questions unrelated 

to the testing, and looking around. 

Administrators further reported a lack of clarity in assigning a retell quality score 

to a response based on a math word problem instead of a reading passage. They reported 

difficulty in applying the reading retell criteria to a math retell. Administrators noted that 

students would provide three or more details that seemed equally meaningful and the 

sequence of the details, which are important in comprehending a story or passage, but this 

provision did not relate to the student’s understanding of the math problem.  

 

Modifications for the Second Phase of Pilot Administration 

 

 

In the second pilot administration, the problems were again selected from the 

grade-level sample tests provided by the sample OAKS tests (ODE, 2010b). The number 

of problems was increased from one to four, in order to address student off-task behavior 
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observed in the first pilot phase when only one question was presented. The answers to 

the problems were initially included and visible to the students to evaluate the impact on 

student verbalizations. After one round of testing, the answers were removed and not 

made visible to the students. Students were given one minute to review the problems and 

one minute to retell.  

When interviewed, students reported that the prompts did not clearly describe the 

task. Administrators reported that student responses were more likely to be on topic and 

their behaviors on task during the response period with the multiple problems presented. 

They reported that when the problems remained visible to students, students would 

reference the problems to confirm facts. Administrators further reported that when the 

answers were not visible, student responses were more likely to include verbalization 

about the problem, rather than a statement of their selection of the answer.  

 

Modifications for the Third Phase of Pilot Administration 

 

 

In the third administration, the math word problems were drawn from the TAKS 

sample tests (TEA, 2011) to address concerns about student exposure to the OAKS 

sample test questions. Students were provided verbal modeling and a sample problem on 

which to practice the verbalization task (Fox et al., 2011). The prompts were modified to 

describe a concurrent verbalization rather than a retell verbalization task. The prompts 

were also modified to clarify the task for intermediate students. Three problems were 

presented to each student with an increasing number of steps; i.e., the first problem 

shown had one step, the second problem had two steps, and the third problem had three 
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steps. Students were prompted to read the problem aloud prior to verbalizing, in order to 

record their access to the problem.  

The Quality of Verbalization score was emphasized and further defined. The 

administrator’s training and scoring included (a) whether the subject stated the 

mathematical function or principle correctly (e.g., “I need to add” or “I need to find the 

pattern”); (b) the number of pertinent, separate facts or strategies the subject provides; 

and (c) whether the subject provided the correct answer. 

Following the third phase of the pilot, administrator interviews confirmed 

improvement in students’ ability to comprehend the task using the revised prompts and 

protocols. Student responses were also compared to previous pilot data to confirm the 

increased understanding of the task.  

 

Study Protocols 

 

 

Based on revisions from the pilot study, the protocols included a script and coding 

sheet based on DIBELS Next procedures and modified for the CV administration. This 

script and coding sheet included the administrator prompts, and the protocols for timing 

and discontinuance. The scoring sheet shows the problems the participants used to 

verbalize, and a set of numbers to record the number of on-topic words the participants 

used to describe their strategy to solve the problem. The sheet also included a scoring area 

to record the quality score and mark whether the participant read the problem correctly, 

provided a strategy, or provided the correct answer.  
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A “yes” score of correctly read was assigned if the participant read the problem 

aloud to the administrator with one or fewer errors. Administrators provided words a 

participant was unable to read after 3 seconds, following the DIBELS Next protocols 

(DMG, 2011). If an administrator provided more than one word, or if the participant was 

unable to read more than one word correctly, the participant would receive a score of 

“no.” If the participant did not read the problem after 20 seconds, the administrator would 

prompt the participant according to the protocols. After 10 additional seconds, if the 

participant did not respond, the administrator would discontinue scoring. 

Participants who provided a mathematical strategy or described a mathematical 

concept related to the problem received a “yes” score in the strategy/concept category. For 

example, if a participant said, “I need to add these together,” or “11+11+11,” or “If you 

put these together over and over, then you’ll find the answer,” the participant would have 

been scored as having provided a strategy. While the scoring sheet listed suggested 

strategies and concepts, a participant score was not based on the assessor’s judgment of 

whether the strategy or concept was correct, or aligned with the examples provided.  

Participants who provided the answer listed on the scoring sheet within the 

2-minute time period were marked as providing the correct answer. Participants who 

provided the correct answer after the 2-minute time period expired were scored “no,” as 

they did not provide the correct answer in the scoring period.  

Administrators assigned a quality score of 1-4 for each participant’s verbalization 

according to the guidelines provided. These guidelines were based on the number of 

on-topic details provided by the participant, the order in which they were provided, the 
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connection stated by the participant to a math process, and whether the correct answer 

was provided. In order to receive a quality score of 4, a participant was required to 

provide the correct solution to the problem. In order to receive a score of 3, a participant 

provided three or more organized details about the problem with a strategy or concept to 

solve, but did not provide the correct solution. In order to receive a score of 2, a 

participant provided three or more details lacking organization or a strategy or 

mathematical concept. In order to score a 1, a participant provided two or fewer details in 

no particular order or in an attempt to guess. Appendix C contains copies of the script and 

coding sheets.  

 

Study Administrators 

 

 

Administrators for this study included staff members from the subject school and 

a retired teacher from a nearby district. The administrators were all designated by the 

State of Oregon as highly qualified for their positions in elementary education, reading, or 

special education, and had experience administering DIBELS Next reading assessment.  

 

Administrator Training 

 

 

Prior to the study, all administrators attended a 30-minute training session. 

Training materials included the DIBELS Next reading retell scoring sheet, the CV script 

and scoring sheet, a video of individual students responding to the CV math retell 

prompt, an integrity checklist and written general guidelines for the study administration. 
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During the training session, the lead investigator described the CV measure and 

protocols. Time for questions and answers were provided. Administrators then 

individually score three videotaped examples of student retell. After each example, the 

scores were discussed in order to promote interrater reliability. During the third video 

sample, the lead investigator scored the administrators using an Assessment Accuracy 

Checklist (see Appendix G) adopted from the DIBELS Next checklist (see Appendices E 

and F). The administrator who did not demonstrate consistency in rating student retell 

received additional opportunities to practice after the training period until consistency 

with the scoring protocols was demonstrated. Prior to the sample, all administrators 

demonstrated consistency of 95% or greater with the Assessment Accuracy Checklist. 

 

Administering the Measure 

 

 

The study was conducted in January 2012, during a one-week period within the 

winter testing window described in the DIBELS Next manual (DMG, 2011). DIBELS 

Next and the CV measures were administered in the school library, an approximately 20 x 

40 meter carpeted room with four 5-meter-wide floor-to-ceiling dividers down the center 

width of the room. Six tables approximately 2 meters long and .5 meters wide were 

positioned at least 5 meters apart. No participant had a direct sight line to any other 

participant. The room was closed to other uses, limiting nonparticipant access. No fire 

drills, announcements, or other interruptions occurred during the study administration. 

Before participants arrived in the library, each administrator was provided a 

packet containing a set of scripts and scoring sheets for DIBELS Next (see Appendices A 
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and B) and the concurrent verbalization measure (see Appendix C). The packet included 

reminders of protocols, the language of the specific instruction, prompts and the 

frequency of the allowable prompts. The packet also included a set of TAKS sample 

questions for each grade level. A supply of sharpened pencils and timers were readily 

available. 

Participants were led by a staff member to the library in groups of four to six. On 

reaching the library, if an administrator was not immediately available, participants were 

directed to wait in an area separated from the administrators by approximately 6 meters 

and facing away from the active participants. As administrators become available, 

participants were randomly directed to their tables for testing.  

 

DIBELS Next Administration 

 

 

The DIBELS Next reading fluency and retell subtests were administered first. 

Administrators followed the DIBELS Next protocols, reminding participants that a retell 

verbalization would be prompted after each fluency sample. Participants were directed to 

read each of three passages aloud for one minute. Immediately following each timed 

reading, participants were directed to “tell me [the administrator] everything you can 

about the story you just read.” Administrators recorded the participant’s responses on a 

coding sheet (DMG, 2011). This coding sheet included protocols and reminders about 

what and how often prompts were allowed (see Appendices A and B).  
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CV Administration 

 

 

Immediately following the three DIBELS Next reading fluency and retell samples, 

the concurrent verbalization measure was administered. Participants were first provided a 

sample problem to review while the administrator modeled concurrent verbalization (see 

Appendix C). Participants were then asked to practice the verbalization on a different 

sample problem (see Appendix H).  

After modeling and practice, participants were provided the three sample TAKS 

math problems (see Appendix I) and directed to begin verbalizing. As they spoke, the 

administrator recorded the responses on the CV coding sheet (see Appendix C). After 2 

minutes, participants were directed to stop and the data gathering ceased.  

After the DIBELS Next and CV measures were administered to all participants, 

the scoring sheets were collected and reviewed for omissions. Both DIBELS next and CV 

scores were assigned following the DIBELS Next protocols, which state that after scoring 

three samples, the mean score from each sample is identified and recorded as the 

participant’s score on that sample. These protocols also state that each scoring category is 

considered independently (DMG, 2011). For example, if a participant verbalized on the 

three sample problems and received quality scores of 2, 3 and 3, a quality score of 3 

would be assigned for that participant. If he or she provided a correct answer, but on the 

problem that received a quality score of 2, a “yes” for providing a correct answer would 

be recorded. If participants were unable to complete verbalizing on the three math 

problems before the time period elapsed, a score of 0 was assigned on the unfinished 

verbalization scores and the mean score was selected. 
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EasyCBM Administration 

 

 

The easyCBM measure was administered online in the school’s computer lab 

during the same month as the reading and math verbalization sample. Participants 

completed the math tests designated at their grade level for the winter term. After 

participants completed the on-line test, their scores were posted automatically on the 

easyCBM website and accessed via password by the principal investigator. The 

administration followed the protocols described in the easyCBM handbook, including not 

allowing participants to use a calculator. EasyCBM math tests are not timed (easyCBM, 

2009). Participants who did not choose to complete the test in one session were provided 

multiple opportunities to complete the test at other times. 

 

Data Analyses 

 

 

Correlational analyses have been used in educational research when seeking to 

investigate the association between variables (Babbie, 2007). The current study was 

designed to test the concurrent verbalization measure by identifying and describing 

correlations between CV scores and scores on existing reliable measures. It is for this 

reason that an examination of descriptive statistics of the measure’s outcomes was 

conducted, and a correlational matrix was created and analyzed.  

Prior to the analysis, all data were entered into an SPSS data file. There were no 

missing data. The scores on the variables relating to the CV measure were identified 
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using the same method as DIBELS Next scores. Three scores were collected, and the 

median score in each category was used (DMG, 2011).  

 Two categories of variables were used in the study. The first category describes 

the features of individual participants, or the student-level variables. The student-level 

variables and definitions of the codes are provided in Table 4. 

 

TABLE 4. Student-Level Variable Names, Descriptions, and Coding Definitions  

Variable Name Variable Description Coding 

   

Number Randomly assigned participant number  

Teacher Classroom teacher of the of participants 1, 2 = 3rd
 
grade 

3, 4 = 4th grade 

5, 6 = 5th grade 

 

Grade Male or Female 1 = Female 

2 = Male 

 

SpEd Special Education Eligibility 0 = not identified 

1 = identified 

 

F/RL Free or Reduced Lunch Eligibility 0 = not eligible 

1 = eligible 

 

ELD English Language Learners 

Students currently eligible for services in the 

district’s English language development program, 

by scoring lower than a proficient level on the 

English Language Performance Assessment. 

 

0 = not eligible 

1 = eligible 

 

TAG Talented and Gifted Eligibility 

Students scoring in the 99th percentile or above on 

a standardized measure. 

 

0 = not eligible 

1 = eligible 

 

 

 

The second category of variable describes the scores obtained on components of 

the measure, or the measures variables. The measures variables and definitions of the 

codes are provided in Table 5. 
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TABLE 5. Measures’ Variable Names, Descriptions, and Coding Definitions  

Variable Name Variable Description Coding 

   

DIBELS ORF Oral Reading Fluency on DIBELS Next 

Number of words read correctly in one minute. 

 

 

DIBELS re-fl Retell Fluency on DIBELS Next 

Number of on-topic words provided in one minute. 

 

 

DAZE adj DAZE adjusted score 

Composite score reflecting comprehension on a three minute 

timed passage. 

 

 

DIBELS comp DIBELS Next composite score 

Composite score of fluency, comprehension, and percentile 

rank. 

 

 

CV ORF Fluency on Concurrent Verbalization sample 

Number of on-topic words provided in two minutes. 

 

 

CV Rd y/n Correctly read aloud the Concurrent Verbalization problems 0 = no 

1 = yes 

 

CV Strat y/n Provided a strategy to solve the CV problems 0 = no 

1 = yes 

 

CV Solv y/n Provided a correct solution for the CV problems 0 = no 

1 = yes 

 

CV quality Quality score on the CV problems 

Composite score of fluency, reading, strategy, and solution 

 

1-4 

Math Comp easyCBM math composite score  

Math PR easyCBM math percentile rank score  
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CHAPTER III 

 

 

RESULTS 

 

 

Analyses were conducted by grade level on data collected from all 105 

participants. Descriptive statistics are reported for the benchmark measures, the 

verbalization measure, and the student-level variables. Scatterplots are described for 

specific variables. 

 

Descriptive Statistics 

 

 

To report and examine the data relevant to the research questions, I created tables 

for the variables at each grade level. I first compared the participant scores on each 

component of the CV measure. I then reported participants’ scores on the benchmark 

measures and compared them to the benchmark targets to confirm that the study data are 

aligned with these targets. I also reported the effect of student-level variables on 

participant scores on the CV measure. 

 

Descriptive Statistics for the Concurrent Verbalization Measure 

 

 

Statistics for each component of the CV measure are reported at each grade level. 

In addition, I examine cross-tabulations and report specific findings of interest.  
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Third Grade 

 

 

The data indicate a difference of .72 in the mean of the dichotomous variables 

relating to participants who provided a strategy (.92) and participants who provided a 

solution (.20). All third-grade participants read the measure correctly. Descriptive 

statistics for the third grade are reported in Table 6. 

 

TABLE 6. Descriptive Statistics for the Concurrent Verbalization Measure, 

Internal Relations—Third Grade (n = 40) 

   Variable M SD Minimum Maximum Range 

      

CV Fluency 26.98 13.11 7 45 38 

CV Read 1 0 1 1 0 

CV Strategy .92 .27 0 1 1 

CV Solved .20 .41 0 1 1 

CV Quality 2.75 .93 1 4 3 

 

 

Fourth Grade 

 

 

The data indicate a difference of .53 in the mean of the dichotomous variables 

relating to participants who provided a strategy (.82) and participants who provided a 

solution (.29). All fourth-grade participants read the measure correctly. Table 7 reports 

the descriptive statistics for fourth grade. 
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Fifth Grade 

 

 

The data indicate a difference of .72 in the mean of the dichotomous variables 

relating to participants who provided a strategy (.62) and participants who provided a  

 

TABLE 7. Descriptive Statistics for the Concurrent Verbalization Measure, 

Internal Relations—Fourth Grade (n = 28) 

   Variable M SD Minimum Maximum Range 

      

CV Fluency 25.36 12.43 6 45 39 

CV Read 1 0 1 1 0 

CV Strategy .82 .39 0 1 1 

CV Solved .29 .46 0 1 1 

CV Quality 2.64 1.13 1 4 3 

 

 

solution (.03). A review of a cross-tabulation of these two variables revealed that of the 

37 participants, only one provided a correct solution. All fifth-grade participants read the 

measure correctly. Descriptive statistics for the fifth grade are reported in Table 8. 

 

TABLE 8. Descriptive Statistics for the Concurrent Verbalization Measure, 

Internal Relations—Fifth Grade (n = 37) 

   Variable M SD Minimum Maximum Range 

      

CV Fluency 27.51 15.25 3 3 42 

CV Read 1 0 1 1 0 

CV Strategy .62 .49 1 0 1 

CV Solved .03 .16 1 0 1 

CV Quality 2.08 1.14 4 1 3 
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Descriptive Statistics for the Benchmark Measures 

 

 

Descriptive statistics for the DIBLES Next, CV, and easyCBM variables are 

presented in Tables 9, 10, and 11. The data indicate the dispersion of DIBELS Next and 

easyCBM scores are consistent with previous research of their reliability. All scores are 

within the standard deviations of the benchmark targets set by each measure (DMG, 

2011; easyCBM, 2009).  

 

Third Grade 

 

 

At this grade, the mean of the participant scores on DIBELS Next oral reading 

fluency was 17.2 words above the benchmark measure target. The scores were also above 

targets for DIBELS Next retell (14.1 words above) and DAZE adjusted score (3.6 points). 

Table 9 shows the results of the benchmark measures for third grade. 

 

Fourth Grade 

 

 

At this grade, all DIBELS Next scores were above the targets set by the 

benchmark measure except the DAZE adjusted score, which was 1.5 point below the 

target. The data indicate the dispersion of DIBELS Next and easyCBM scores are 

consistent with previous research of their reliability (DMG, 2011; easyCBM, 2009). The 

results for the fourth grade are shown in Table 10. 
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TABLE 9. Descriptive Statistics for the Benchmark 

Measures—Third Grade (n = 40) 

Variable M Target SD Range 

District 

M SD 

       

DIBELS ORF 103.2 86 30.7 133 99.1 40 

DIBELS retell fluency 40.1 26 16.6 74 39.9 16.5 

DIBELS retell quality 2.95 2 .78 2 2.9 .8 

DAZE adjusted score 14.6 11 7.2 31 14.4 7.2 

DIBELS composite 340.7 285 86.9 377 342.9 89.9 

easyCBM composite 

 

35.9 35 5.3 25 0.0
a
 0.0

 a
 

easyCBM percentile rank 

 

55.5 50  26.4 96 0.0
 a
 0.0

 a
 

 
Note. Adapted from DMG (2011), easyCBM (2009), and easyCBM (n.d.). 

 
a
easyCBM is not administered district-wide. 

 

 

TABLE 10. Descriptive Statistics for the Benchmark 

Measures—Fourth Grade (n = 28) 

Variable M Target SD Range 

District 

M SD 

       

DIBELS ORF 102.9 103 30.8 129 109.2 39.2 

DIBELS retell fluency 41.4 30 19.2 72 40.1 17.3 

DIBELS retell quality 2.5 2 .7 3 2.6 .7 

DAZE adjusted score 15.5 17 5.9 22 16.7 6 

DIBELS composite 352.3 330 86.7 313 361.4 82.5 

easyCBM composite 

 

34.8 35 6.4 29 0.0
a
 0.0

 a
 

easyCBM percentile rank 

 

49.4 50  30.7 98 0.0
 a
 0.0

 a
 

 
Note. Adapted from DMG (2011), easyCBM (2009), and easyCBM (n.d.). 

 
a
easyCBM is not administered district-wide. 
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Fifth Grade 

 

 

The data for fifth grade contain scores above and below targets for the benchmark 

measures. In reading, DIBELS Next oral reading fluency, DIBELS retell fluency, and 

DIBELS composite scores are above the targets. For math, both the easyCBM composite 

and percentile rank are below target, the latter by 17 points. The data indicate the 

dispersion of DIBELS Next and easyCBM scores are consistent with previous research of 

their reliability (DMG, 2011; easyCBM, 2009). Table 11 reports the results for the fifth 

grade. 

 

TABLE 11. Descriptive Statistics for the Benchmark 

Measures—Fifth Grade (n = 37)  

Variable M Target SD Range 

District 

M SD 

       

DIBELS ORF 128.8 120 36.6 205 128 32.6 

DIBELS retell fluency 47.8 36 19.6 77 46.3 20.8 

DIBELS retell quality 2.76 3 .86 3 2.8 .8 

DAZE adjusted score 18.1 20 7.5 38 18 8.1 

DIBELS composite 403.4 372 98.8 500 398.6 101.4 

easyCBM composite 

 

30.7 35 5.9 23 0.0
a
 0.0

 a
 

easyCBM percentile rank 

 

35.0 50  26.7 2 0.0
 a
 0.0

 a
 

 
Note. Adapted from DMG (2011), easyCBM (2009), and easyCBM (n.d.). 

 
a
easyCBM is not administered district-wide. 
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Descriptive Statistics for the Student-Level Variables 

 

 

The number of participants in each student-level subgroup—gender (female or 

male), special education identified, eligible for Free or Reduced Lunch, English language 

learners (ELD), and eligible for Talented and Gifted (TAG) programs—were compiled. 

The statistics for these student-level variables, by total number and percentage of the 

participants at each grade, are reported in Table 12. 

 

TABLE 12. Descriptive Statistics—Student-Level Variables 

      Variable 

Grade 3  Grade 4  Grade 5 

n %  n %  n % 

Total participants 40   28   37  

Female 19 48  14 50  19 50 

Male 21 52  14 50  18 50 

SpEd  4 10  2 7  7 19 

F/RL 12 30  13 46  13 35 

ELD 2 5  3 10  2 5 

TAG 2 5  0 0  4 11 

 

 

Correlations 

 

 

I conducted an analysis using correlation matrices to identify relations with the 

CV scores, the scores for each benchmark measure, and the student-level variables. This 

analysis was conducted separately for the third, fourth, and fifth grades.  
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Relations Within the Concurrent Verbalization Variables 

 

 

I examined the results from the variables within the CV measure, in order to 

identify relations. These results are reported to describe relations within the concurrent 

verbalization measure.  

 

Third Grade 

 

 

In third grade, relations were identified with CV quality and all other components 

of the measures. All third-grade participants successfully read the math sample problems. 

Table 13 reports the relations in the third grade. 

 

TABLE 13. Relations for the Concurrent Verbalization 

Measure—Third Grade (n = 40) 

Variable Name CV Fluency CV Strategy CV Solved CV Quality 

     

CV Fluency 1 -.140 .233 .346* 

CV Strategy -.140 1 .142 .441** 

CV Solved .233 .142 1 .546** 

CV Quality  .346* .441** .546** 1 

 
*Correlation is significant at the 0.05 level (2-tailed). 

 

**Correlation is significant at the 0.01 level (2-tailed). 
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Fourth Grade 

 

 

Relations were identified with CV quality and all other components of the 

measures in fourth grade. All participants in this grade successfully read the math sample 

problems. Table 14 reports the relations for the fourth grade. 

 

TABLE 14. Relations for the Concurrent Verbalization 

Measure—Fourth Grade (n = 28) 

Variable Name CV Fluency CV Strategy CV Solved CV Quality 

     

CV Fluency 1 .227 .299 .381 

CV Strategy .227 1 .295 .523** 

CV Solved .299 .295 1 .703* 

CV Quality  .381* .523** .703* 1 

 
*Correlation is significant at the 0.05 level (2-tailed). 

 

**Correlation is significant at the 0.01 level (2-tailed). 

 

 

Fifth Grade 

 

 

In fifth grade, relations were not identified with CV quality and CV solved, 

however relations were identified with CV quality and all other components of the 

measures. Unlike third and fourth grades, in fifth grade, relations were found with CV 

strategy and fluency (see Table 15). All participants in this grade successfully read the 

math sample problems.  
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TABLE 15. Relations for the Concurrent Verbalization 

Measure—Fifth Grade (n = 37)  

Variable Name CV Fluency CV Strategy CV Solved CV Quality 

     

CV Fluency 1 .416* .194 .555** 

CV Strategy .416* 1 .130 .602** 

CV Solved .194 .130 1 .285 

CV Quality  .555** .602** .285 1 

 
*Correlation is significant at the 0.05 level (2-tailed). 

 

**Correlation is significant at the 0.01 level (2-tailed). 

 

 

Relations of the Concurrent Verbalization Variables 

 

With Benchmark Measures 

 

 

I examined the CV measure and the benchmark assessments scores. Tables 16, 17 

and 18 contain the relations between the scores of these measures. 

 

Third Grade 

 

 

In third grade, comparisons with the reading benchmark identified two significant 

relations (p < .01) between the CV providing a solution and DIBELS Next oral reading 

fluency (r = .450), and composite score (r = 452). Relations identified included those 

between CV Fluency and DIBELS Next retell quality. I then created a histogram to 

examine the dispersion of the DAZE adjusted scores. This examination revealed a 

positively skewed distribution, with a Kurtosis value of -.54 and a Skew value of 1.16. 
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TABLE 16. Benchmark Measures and CV Relations—Third Grade (n = 28) 

Variable Name CV Fluency CV Strategy CV  Solved CV Quality 

     

DIBELS ORF .279 -.136 .450** .186 

DIBELS retell fluency .394* -.028 .309 .325* 

DIBELS retell quality .362* -.018 .275 .336* 

DAZE adjusted score .108 -.334* .332* .048 

DIBELS composite .291 -.069 .452** .291 

easyCBM math composite .110 .142 .321* .329* 

easyCBM math percentile rank .146 .173 .345* .348* 

 
*Correlation is significant at the 0.05 level (2-tailed). 

 

**Correlation is significant at the 0.01 level (2-tailed). 

 

 

TABLE 17. Benchmark Measures and CV Relations—Fourth Grade (n = 28)  

Variable Name CV Fluency CV Strategy CV  Solved CV Quality 

     

DIBELS ORF .112 .423* .478** .511* 

DIBELS retell fluency .340 .052 .645** .487** 

DIBELS retell quality .527** .230 .547** .348 

DAZE adjusted score -.054 .421* .628* .495** 

DIBELS composite .187 .513** .671** .587** 

easyCBM math composite .173 .402* .564** .594** 

easyCBM math percentile rank .198 .437* .608** .663** 

 
*Correlation is significant at the 0.05 level (2-tailed). 

 

**Correlation is significant at the 0.01 level (2-tailed). 
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TABLE 18. Benchmark Measures and CV Relations—Fifth Grade (n = 37)  

Variable Name CV Fluency CV Strategy CV  Solved CV Quality 

     

DIBELS ORF .314 .367* .378* .595** 

DIBELS retell fluency .523** .136 .350* .453** 

DIBELS retell quality .350* .366* .243 .529** 

DAZE adjusted score .366* .302 .446** .444** 

DIBELS composite .450** .284 .429** .542** 

easyCBM math composite .369* .329* .357* .409* 

easyCBM math percentile rank .359* .312 .431** .399* 

 
*Correlation is significant at the 0.05 level (2-tailed). 

 

**Correlation is significant at the 0.01 level (2-tailed). 

 

 

Fourth Grade 

 

 

In reading, significant relations (p < .01) were identified between nine 

components of the CV and the DIBELS Next measures. Relations identified included a 

moderately strong relation (r = .527) between CV Fluency and DIBELS Next retell 

quality. In math, significant relations (p < .01) were identified between four of these 

components, and relations to p <.05 were identified between two others.  

Table 17 shows the benchmark reading and math measures and the level of 

significance with each CV variable for the fourth grade. 
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Fifth Grade 

 

 

An examination of the reading benchmark data identified relations (p < .05) 

between 15 of the 20 components of the CV and DIBELS Next measures, including 

moderately strong relations with CV quality and DIBELS Next oral reading fluency (r = 

.595) and retell quality (.529). Moderately strong relations were also identified with CV 

Fluency and DIBEL Next retell fluency (r = .523).  

With the math benchmark, relations to at least p <.05 were observed between five 

of the six components of the measures. Table 18 shows the benchmark reading and math 

measures and the level of significance with each CV variable for the fifth grade. 

 

Student-Level and Concurrent Verbalization Variables 

 

 

In order to identify the potential effect of student-level variables on the CV 

measure outcomes, I examined the data from the measure for participants in each 

subgroup. I first examined the effect of grade, reflective of student age, on the CV 

outcomes. I then examined the effect of gender, special education identification and 

socioeconomic status, identified by free or reduced lunch eligibility on CV scores. Due to 

an insufficient number of participants, SpEd, ELD, and TAG data are not reported.  

 

Grade and Concurrent Verbalization Outcomes 

 

 

To screen for the effect of the student-level variable of grade on the CV scores, I 

examined the data at each grade level. Table 19 shows the relation at each grade level and 

each component of the CV measure.  
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TABLE 19. Means of the Concurrent Verbalization Measure by Grade 

   Variable Grade 3 Grade 4 Grade 5 

    
CV Fluency 26.9 25.3 27.5 

CV Read 1 1 1 

CV Strategy .9 .8 .6 

CV Solved .2 .3 .03 

CV Quality 2.7 2.6 2.1 

 

Third Grade 

 

 

In third grade, no significant positive relations (p < .01) were found. Significant negative 

relations (p < .01) were identified between the CV fluency of verbalization and student 

socioeconomic status, defined by Free/Reduced Lunch eligibility (r = -.332). Table 20 

lists the CV and student-level variables of gender, Special Education identification and 

Free/Reduced Lunch eligibility, and the level of significance of each relation. 

 

TABLE 20. Concurrent Verbalization and Student-Level 

Variable Relations—Third Grade (n = 40) 

Variable Name CV Fluency CV Strategy CV Solved CV Quality 

     

Gender .095 .109 .225 .232 

SpEd .084 .095 .250 .273 

Free / Reduced Lunch -.332* -.021 -.055 -.238 
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Fourth Grade 

 

 

In fourth grade, no relations of any significance were found (p < .01 or p < .05) in 

the student-level data. Table 21 lists the CV and student-level variables and the level of 

significance of each correlation for the intermediate grades. 

TABLE 21. Concurrent Verbalization and Student-Level 

Variable Relations—Fourth Grade (n = 28) 

Variable Name CV Fluency CV Strategy CV Solved CV Quality 

     

Gender .175 -.280 -.158 .064 

SpEd -.088 -.233 -.175 -.036 

Free / Reduced Lunch -.191 -.127 -.272 -.088 

 

 

Fifth Grade 

 

 

In fifth grade, a negative relation to p < .05 was identified with CV quality and 

students identified in special education (r = -.403). Table 22 presents student-level 

variables and the level of significance of the CV variables for the fifth grade.  

 

TABLE 22. Concurrent Verbalization and Student-Level 

Variable Relations—Fifth Grade (n = 37)  

Variable Name CV Fluency CV Strategy CV Solved CV Quality 

     

Gender -.288 -.021 .171 -.118 

SpEd -.209 -.050 -.081 -.403* 

Free / Reduced Lunch -.055 -.009 -.123 -.103 
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Summary of Results 

 

 

The findings of the current study include descriptive statistics that show 

participant scores at or above the targets set by the benchmark measures, with two 

exceptions. The scores on the DAZE comprehension component were slightly below 

target in the fourth and fifth grades. The scores on easyCBM composite were slightly 

below target in fourth grade; however, the fifth-grade scores show a larger distance from 

the targets, both composite (M = 30.7, target = 35) and percentile rank (M = 33rd, target = 

50th). 

The findings identified relations between concurrent verbalization scores and the 

benchmark assessment scores on DIBELS Next reading and easyCBM math, although the 

relations varied between grades. The data failed to indicate a relation between concurrent 

verbalization fluency and math scores, except in fifth grade. However, relations were 

found between the concurrent verbalization quality of response scores and benchmark 

math scores at each grade level.  

Of the student-level variables, the effect of participants’ grade on CV strategy, 

solved, and quality scores was identified. The effect of other student-level variables was 

noted in isolation, and was not consistently identified across grade levels. 
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CHAPTER IV 

 

 

DISCUSSION 

 

 

Researchers continue to seek to define the multiple skills necessary for students to 

solve and communicate about solutions of math word problems. While the math skills of 

comprehension and communication have been called essential to classroom math 

instruction (Griffin & Jitendra, 2009; ODE, 2011; Rittle-Johnson et al., 2001), 

practitioners and measures do not always evaluate them directly, distinct from other math 

skills (Clark & Shinn, 2004; Fuchs et al., 2008). Multiple studies have implicated 

working memory as a predictor of math comprehension skills (Siegel & Ryan, 1989; 

Swanson & Beebe-Frankenberger, 2004), yet a recent meta-analysis stated that “no 

studies” have teased out the relations of the various functions of students’ working 

memory on performance to math comprehension tasks (Fuchs et al., 2008). Meanwhile, 

focus on these skills is an integral part of the Common Core State Standards, adopted by 

the majority of states (ODE, 2011), and these current changes in national educational 

standards and assessments have moved identifying these skills to the forefront of 

practitioners’ conversations.  

After a decade of shifting math standards and curriculum (Klein, 2003), the 2014 

implementation of the CCSS appears to be aligning the external demands of a shifting 

curriculum with learning the complex language of math. The CCSS includes standards 

for mathematical practices on which to base a language-rich math curriculum, and 

includes requirements to precisely communicate about math concepts, processes, and 
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solutions (CCSS, 2011). Assessments of the CCSS are intentionally designed to minimize 

the impact of unnecessary linguistic complexity, but may provide an opportunity for 

students to demonstrate mathematical proficiency using the specialized math language 

gained by consistent curriculum and instruction (SBAC, 2012). As the CCSS push the use 

of complex, math-specific language into intermediate grade math instruction, students 

will be consistently asked to use the language of math to verbally justify why a 

conclusion is true, or explain a mathematical rule and how they applied it to their 

solutions (ODE, 2011). 

While the CCSS provide “clear signposts” toward a goal or college and career 

readiness for every student, they do not define methods or materials to support students 

who are not yet meeting grade-level expectations, or specific formative assessments on 

which to base measures of student progress relative to these signposts (SBAC, 2012; 

ODE, 2011). And internal demands like working memory function (Fuchs et al., 2006) or 

socioeconomic concerns (Schoenfeld, 2002) continue to impact students’ math 

achievement.  

A consortium creating proposed assessments of these new standards is planning to 

provide formative assessment tools, but current proposals are limited to summative 

assessment criteria (SBAC, 2012). Because of the approaching CCSS implementation 

without a clear indication of an accompanying nonsummative assessment, I set out to 

examine whether a concurrent verbalization measure could be used to score students as 

they “think aloud” about a math problem. This type of measure is reliable and often 

resembles classroom instruction (Fox et al., 2011; Reed, 2011). I intended to compare 
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scores on this measure with scores on reliable reading and math measures, with the goal 

of identifying relations between the scores. I also intended to examine the effects of 

student-level variables on the scores of the verbalization measure. In this chapter, I 

explain the findings of the study in relation to the research questions and the context of 

current educational research. I also describe the limitations of the study and 

considerations for future research. 

 

Findings Regarding the Research Questions 

 

 

The research questions centered on examining data collected for internal and 

external relations between the components of a verbalization measure of students’ ability 

to solve math word problems, and students’ reading and math skills as measured by 

benchmark assessments. I also sought to examine the effect of student-level factors on 

performance of the verbalization task.  

 

Relations Within Concurrent Verbalization Measure 

 

 

The first research question investigated the relation between the internal CV 

components. These five components were based on previous research and best practices, 

enumerated in a 2011 meta-analysis of verbalization measures (Fox, 2011). These 

protocols were also modeled on the DIBELS Next reading measure (DMG, 2011), the 

reading measure that sparked this study. The protocols were created and applied for the 

purpose of this study, so an examination of the data resulting from the measure is 

appropriate. 
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I found low variability in the means, standard deviations and ranges of CV scores 

at each grade. For example, the means of the CV fluency component, which recorded the 

number of words a participant used to verbalize about a problem, were clustered in a 

range of 2.15 words, with standard deviations over 12. The scores may confirm that the 

sample problems selected provided an accessible base for students’ verbalizations and 

were aligned with the curriculum at each grade. They also suggest that participants in 

each grade demonstrated similar ability to respond to the verbalization task, and the 

means of the CV fluency scores indicate that most student participants were able to talk 

on-topic about the sample math problems. In addition, the moderate relation between CV 

fluency and quality scores in fifth grade, not evident in third or fourth grade, suggests that 

older students may be more able to more meaningfully explain how they would solve a 

math problem. 

All participants successfully read the selected math problems aloud. Examples of 

math vocabulary included in the problems were “estimate” (third grade), “how much” 

(fourth grade) and “find the difference” (fifth grade). Problems containing words 

requiring a cultural context, like “museum” and “Frisbee,” were included due to the 

limited number of problems available after the screening process was completed. While I 

did not discover direct evidence of an impact of linguistic complexity of the word 

problems on this study, concerns about this impact continue to be addressed by 

researchers and assessment developers (Abedi et al., 2003; SBAC, 2012).  

One potential explanation for the success in participants’ reading is the reading 

intervention program implemented at the subject school in 2008, the school year that the 
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third-grade participants entered first grade. The increase in DIBELS Next reading fluency 

rates from third to fifth grade may also reflect the success of this implementation and 

instruction.  

The increase in reading fluency from third to fifth grade suggests an expectation 

of a similar increase in verbalization fluency scores across grades, evidencing the 

connection between reading and math skills (Powell et al., 2009) and between reading 

and problem-solving skills (Fuchs et al., 2008). However, while the math verbalization 

fluency scores are stable from third through fifth grade, they do not demonstrate the 

growth that is seen in reading fluency. This may indicate that reading decoding speed and 

thinking aloud about a math problem are separate skills that do not improve at the same 

rate. It may include the impact of a subset of students who are on-target in reading, but 

underperform in math (Hanich et al., 2001; Jordan & Hanich, 2000; Landerl et al., 2004). 

It may reflect the percentage of students eligible for Free/Reduced Lunch, which would 

align with previous findings of the limited growth over time in word problem 

comprehension with economically disadvantaged students (Jordan et al., 2006).  

The lack of gains in math verbalization may also be attributed to curriculum. 

Research has indicated that a consistent curriculum adhered to over time, such as the 

reading curriculum at the school, results in student growth (Datnow et al., 2000). The 

exposure of these student participants to multiple math curricula over their elementary 

years did not provide that consistency. Further, the curricula used did not consistently 

contain the requirements now enumerated in the CCSS for communicating mathematical 

understanding (SBAC, 2012). Students likely have not been consistently asked to 
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verbalize about math during teaching and learning, as previous standards did not require 

that skill. This lack of practice in verbalizing about math, as reflected by the equivalent 

scores across grades, aligns with research on the similarity between classroom instruction 

and verbalization (Reed, 2011). Since the quantity and quality of students’ semantic 

knowledge impact their understanding of words (Wolf, 2007), as the language-rich 

curriculum and practices based on the CCSS are implemented, it is likely that students 

will demonstrate improved verbalization skills in math. 

Of the third-, fourth- and fifth-grade participants, 79% provided a strategy, but 

only 16% provided a correct solution. This is reflected in a gap in the means of these two 

scores at each grade level. One explanation for the gap may lie in specific parts of the 

verbalization measure’s script that administrators used to model and practice the 

verbalization with the participants. This script includes statements such as “We are not as 

interested if your answers are right, we just want to know how you are thinking about the 

problem.” The script was modified to include these statements from reliable verbalization 

measures (Johnstone et al., 2006) after the pilot study administrators found that student 

verbalizations were frequently limited to providing an answer without disclosing their 

thinking.  

The scoring protocols relating to the two variables of strategy and solution are 

also different. Protocols for scoring the solution provided a specific answer on which to 

base the score. Administrators could view the answer and credit the participants for 

providing the answer at any time during the verbalization. Scoring protocols for the 

strategy provided two open-ended examples of a likely strategy or concept. 
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Administrators credited participants with providing a strategy based on the entire content 

of the 2-minute verbalization. Administrators were trained to credit a participant when a 

strategy was provided that aligned with the problem, without consideration of whether the 

strategy resulted in a correct solution. During interviews following the sample, 

administrators affirmed that participants were credited for providing strategies potentially 

aligned with solutions even though the strategies were not clearly included in the scoring 

protocol examples.  

Finally, the time limits of the CV measure may have contributed to the gap in 

scores. Each participant was provided 2 minutes to verbalize about three separate math 

problems. One administrator noted that the requirement that participants read the problem 

aloud “ate up the clock,” leaving a reduced time for the participant to think aloud. The 

limited duration of verbalization may have been compounded by the modeling and 

practice protocols, which encouraged the participants to read the problem aloud, verbalize 

about a strategy to solve, and then finally to provide an answer. After the sample was 

conducted, an examination of the scoring protocols found that time had expired before 

most participants had completed verbalizing on all three sample problems. Fifty percent 

of the third-grade participants, 70% of the fourth-grade participants, and 80% of the fifth-

grade participants did not complete all three problems. These participants’ scores were 

based on the problem or problems they completed. While studies found that adequate 

time limits in verbalization measures did not affect the outcomes (Fox et al., 2011), the 

data and administrator observations infer that this measure’s 2-minute limit may not have 

been adequate.  
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The inadequate time to verbalize may have adversely affected students with lower 

processing speeds, including students with increased cognitive loads due to second 

language demands as well as students with a learning disability. The working memory’s 

processing speed has been demonstrated to affect performance on math tasks (Berg, 2008; 

Swanson & Beebe-Frankenberger, 2004) and was found to be predictive of third-, fourth-, 

and fifth-grade students’ performance on algebraic word problems (Lee et al., 2004). Due 

to the limited number of participants, an examination of the impact of the time expiring 

on the scores of students identified for ELD or special education would not be 

appropriate. However, since administrators estimated a significant number of students ran 

out of time, this impact apparently was not limited to these subgroups. Modifications to 

the protocols, including the administrator reading the problem aloud, may address 

concerns both about the time limit and students’ ability to read the problems. 

At fifth grade, only one of the participants provided a correct solution, resulting in 

a mean of .03 for that component. The time limit may have had an increased effect at this 

grade because of the specific math problems presented. Research has noted that, as 

students age, growth in executive processing capacity of working memory increasingly 

relates to math problem-solving skills (Swanson, 2006). The problems selected from a 

fifth-grade assessment may have been relatively more difficult to solve and their 

processes and solutions more difficult to describe.  
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Relations With Concurrent Verbalization and Benchmark Measures 

 

 

The second and third research questions investigated the relations between the 

concurrent verbalization components and student scores on benchmark measures of 

DIBELS Next for reading and easyCBM for math. An examination for predictive validity 

was not considered in this study.  

On the reading benchmark measure, participants’ scores on the means reported 

either exceeded or were slightly below but well within the standard deviations of the 

DIBELS Next targets. These scores indicate strong reading fluency skills demonstrated by 

the participants. However, participants’ scores on reading fluency were not significantly 

related to their scores on the math verbalization fluency. This may indicate that reading 

decoding and thinking aloud about a problem are not related skills. It may reflect 

participants’ familiarity with the DIBELS Next assessment, and their unfamiliarity with 

the verbalization tasks; however, research would counter that concern (Fox et al., 2011). 

This may suggest inconsistencies in scoring. While the protocols for both fluency 

measures direct administrators to record “on-topic” verbalizations, administrators were all 

experienced in scoring only the reading retell. As discussed above, this may also reflect 

differences in the curricula and teaching practices commonly used for reading and math. 

The DIBELS Next retell fluency and CV fluency scores record the number of 

words in a participant’s retell or concurrent verbalization. The DIBELS Next retell 

quality and CV quality both assign a quality score to the content of the verbalization 

based on a number of on-topic details provided. Low/moderate relations in all grades are 

observed between scores on these two most similar reading and math verbalization tasks. 
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An example of relations observed is the low/moderate relations with a student’s 

verbalization fluency and the quality of a verbalization in reading and math in third grade. 

The relations may suggest that similar skills were measured. Specifically, both measure 

the number of on-topic words and the number of on-topic details provided by 

participants. 

In contrast, the DIBELS Next composite score reflects a student’s overall reading 

skills, and includes comprehension and retell verbalization components. The CV quality 

score is not a composite score, defined as a measure based on more than one data item 

(Babbie, 2007), as it contained more than one data item only for the score of 4. A 

meaningful comparison of these scores may require amending the concurrent 

verbalization protocols to include a composite score.  

Turning to the math benchmark measure, third- and fourth-grade scores on 

easyCBM grade-level tests exceed or nearly hit the targets set by the measure. In fifth 

grade, however, participant scores are barely within the standard deviation for the 

composite score, and the percentile rank of the mean is 15 points below the target.  

Moderate relations are also seen in the relations between the math benchmark 

scores and the CV components. This may reflect the reliability of concurrent 

verbalization measures generally (Fox et al., 2011). In fifth grade, relations are identified 

in all areas but one. Because easyCBM has been established as a reliable measure of math 

performance (Anderson et al., 2009, 2010a, 2010b), the percentile rank of the easyCBM 

scores and related CV components may also indicate a cause for concern about the skills 

of participants in fifth grade. This concern was echoed in the participants’ 2012 OAKS 
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results, as 57% of fifth graders met the performance standard, 6% to 8% fewer than in 

third or fourth grade. 

Regarding the relations with math verbalization fluency and the easyCBM scores, 

moderate relations are seen in fourth and fifth grade, but not in third grade. This may 

demonstrate that students who are capable of understanding and solving math problems 

are able to state strategies and solutions, but their statements may be succinct. These 

mixed relations may be connected to the different skills being measured. The CV fluency 

records the fluency of students’ verbalizing about their thinking. The easyCBM scores 

reflect a student’s ability to read and solve grade-level math problems, problems that were 

intentionally screened to minimize language loads and are presented without time 

limitations (Anderson et al., 2009; easyCBM, 2009). Since research has described the 

impact of the complexity of language on assessment of students with a range of 

disabilities (Anderson et al., 2011; Tindal et al., 2003) and in second language learners 

(Lean et al., 1990; Solano-Flores & Trumbull, 2003), further research is needed to discern 

whether math verbalization fluency alone is a reliable indicator of students’ math 

performance on curriculum or large-scale measures.  

 

Relations—Concurrent Verbalization and Student-Level Variables 

 

 

The fourth research question investigated the effects of student-level factors on 

math verbalization scores.  

After an examination of the descriptive statistics, data about the variables of 

Grade, Gender and Free/Reduced Lunch were examined, based on the number of 
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participants at each grade level. Little evidence of the effect of a participant’s gender was 

observed.  

For participants eligible for Free or Reduced Lunch assistance, generally negative 

but not significant effects were noted, except the moderate relation identified between CV 

Fluency and Free/Reduced Lunch eligibility in third grade. However, by fourth grade the 

effect is reduced and a relation is not identified, and in fifth grade, the effect is near zero. 

This reduction may reflect the impact over time of the close monitoring and adjustment in 

math instructional practices implemented at the school, targeting students with F/RL 

eligibility. A larger participant population would be required in order to examine this 

effect appropriately.  

The effect of grade level on students’ CV scores was identified by comparing the 

means of each CV component at each grade. The stability of the CV fluency component 

across grades has been described. Three other components show a decline in the mean 

over grades. As students age from grade to grade, they may appear less able to provide a 

strategy, solution or adequate details about a math problem. Potential explanations 

include the increase in difficulty of the individual problems (Fox et al., 2011) and the 

time limits imposed by the CV measure’s protocols (Berg, 2008; Swanson & Beebe-

Frankenberger, 2004). Finally, the concern remains that, while students are presumably 

gaining mathematical skills as they progress through the grades, this growth is not evident 

with an increase in the scores across grade levels. A potential explanation for the lack of 

growth remains the lack of a consistent curriculum and related teaching practices for the 4 

years prior to this study (Datnow et al., 2000).  
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Limitations and Future Research 

 

 

The results of this study must be interpreted considering its limitations. 

Limitations to its reliability include the number of participants, and the setting of the 

study. When the data is disaggregated into grade levels, the sample size is small. Due to 

the number of participants, the grade-level data did not allow a complete analysis of the 

impact of student-level factors on the data, especially related to students eligible for 

special education and English language learners. Further studies related these subgroups 

would help define the measure’s reliability. The established reading intervention program 

may reduce the generalizability to schools where this support is not in place.  

The math problems on which the verbalizations were based were selected from an 

assessment bank provided from a 2009 large-scale test, aligned with the NCTM standards 

but not the CCSS (TEA, 2008). Future studies of this measure should be centered on the 

CCSS assessment and focus on the high-priority assessment clusters identified by the 

assessment developers (SBAC, 2012).  

This study did not attempt to identify the curriculum or instructional practices 

used in the building relating to math word problems. Further studies may wish to include 

a discussion of these instructional practices, especially after curriculum and instructional 

practices based in the CCSS are in place. As assessments of the CCSS become available, 

future studies should also consider the relation of these performance-based assessments 

with these findings. The CCSS testing items (SBAC, 2012) could be used in future 

research as the basis for concurrent verbalization studies. Researchers should consider the 
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curriculum and instructional strategies implemented to convey this content during the 

transition to teaching under the CCSS in order to align the measure with classroom 

practices (Reed, 2011). Finally, as CCSS assessment results are published, research may 

wish examine these results for relations with this and future CV assessment data.  

Specific changes in the concurrent verbalization protocols used in this measure 

have been described above, but include an alignment within the quality score, the addition 

of a composite score which considers all components of the measure, and an extension of 

the amount of time provided to each participant for verbalization. This extension may 

require changes in the scoring sheets, specifically to the number of words recorded for 

each verbalization. Researchers may also consider modifying the check for participants’ 

ability to read the problem as a way to address concerns about the time limit.  

 

Conclusion 

 

 

The CCSS and related assessments will soon be implemented, with their increased 

language emphasis in mathematics. During this transition, as educators continue to strive 

to make sound instructional decisions and provide appropriate support in math, research 

should continue to investigate the assessments on which these decisions are based. 

The current findings support a relation between verbalization relating to a math 

problem and benchmark assessments in reading and math. As assessments relating to 

language, math and the CCSS continue to be developed, it may be helpful to consider 

verbalization as a component of these assessments.  
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APPENDIX A 

 

 

DIBELS NEXT ORAL READING FLUENCY SCRIPT 
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APPENDIX B 

 

 

DIBELS NEXT ORAL READING FLUENCY CODING SHEET 
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APPENDIX C 

 

 

SAMPLE CONCURRENT VERBALIZATION SCRIPT AND SCORING SHEETS 
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Script - Introduce the task  

“We are curious about how students solve problems on tests, so we want to ask you 

and other students to talk about some math problems. We want to listen to how you 

think out loud about the problems. 

 

We are not as interested if your answers are right, we just want to know how you are 

thinking about the problems.”  

 

Students should not feel the slightest sense of being judged or of having to obtain a 

particular result. 

 

Model and Practice 

Show the student the teacher model question to familiarize him or her with thinking aloud 

while working through a task. First you solve a problem and then ask the student to solve 

theirs. 

 

 

“First, I am going to read this problem out loud.  

 

Jake counted 8 oranges, 7 pears, and 4 apples in a fruit bowl. What was the total 

number of oranges and apples in the fruit bowl? 

 

Then I am going to think out loud while I work on it. That means I’m going to say out 

loud everything that goes through my mind. 

 

I see that Jake counted oranges, pears, and apples in the bowl. I think this is an 

addition problem. But I see that I should not count the pears. So he counted 8 oranges 

plus 4 apples. 8 plus 4 is 12. So there were 12 oranges and apples in the bowl.” 

 

 

“Now I’m going to ask you to practice working on your problems the same way. 

Read the problem out loud, then think out loud about how you would solve it. Go 

ahead.” 

 

(Student practices on Sample Problem B. If no words are read correctly, say Thank you 

and discontinue the measure. 

 

Joey has 8 books. Roberto has twice as many books as Joey has. How many books does 

Roberto have? 

 

Scoring practice: 

Strategies ex. mental picture, grouping, repeated adding, multiplication, subtraction 
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Concept: multiplication with carrying, subtraction 

Answer: 16 x 2 – 8 = 24 

 

THIRD GRADE - Administer the measure 

“Now tell what you are thinking about each of these problems. Just say everything 

that goes through your mind while you work on the problems. Ready, begin.” Place the 

three test problems in front of the subject.  

 

Timing Start your stopwatch after saying Ready, begin. Say Stop after 2 minutes. 

Wait/ 

Reminder 

If the student stops or hesitates, up to 20 seconds, select one (allowed 1 time): 

-If the student has not said anything at all, provides a very limited, or off-track 

response, say Tell me as much as you can about the problems. 

-Otherwise, say Can you tell me anything about the problems? 

Discontinue After the first reminder, if the student does not say anything or gets off track for 10 

seconds, say Thank you and discontinue the task (30 secs. elapsed). 

 

As the student talks, use the scoring sheet to record their verbalizations and count their 

words. 
  Read 

correctly 

Strategy 

/concept 

Correct 

answer 

Quality 

Score 

 

1 

 

Mr. Johnson’s company built 4 office buildings. Each 

building had 43 windows. What was the total number of 

windows of these 4 office buildings? 

Repeated adding; multiplication, multiplication w/ 

regroup                           

Answer: 172 

 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 15 16 17 18 19 20 21 

22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37  38 39 

40 41 43 43 44 45+ 

 

 Yes (>1 

error) 

 

 No  (<1 

error) 

 

 Discontinue 

 

 Yes 

 

 No 

 

 

 Yes 

 

 No 

 

 

1 

 

2 

 

3 

 

4 

 

2 

 

Jose had 17 toy cars. His father bought him 27 more toy 

cars. Then his friend gave him another 13 toy cars. What is 

a good estimate of the number of cars he has? 

Adding, estimating, rounding 

Solutions:15+25+15=55, 20+30+10+=60, 

15+30+15=60 

 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 15 16 17 18 19 20 21 

22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37  38 39 

40 41 43 43 44 45+ 

 

 Yes (>1 

error) 

 

 No  (<1 

error) 

 

 Discontinue 

 

 Yes 

 

 No 

 

 

 Yes 

 

 No 

 

 

1 

 

2 

 

3 

 

4 

 

3 

 

Look at the pattern below: 

48, 45, 42, 39, 36, ____, ____ 

If the pattern continues, what two numbers will come next? 

Reverse adding, subtracting, difference 

Solution: 33, 30 

 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 15 16 17 18 19 20 21 

22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37  38 39 

40 41 43 43 44 45+ 

 

 Yes (>1 

error) 

 

 No  (<1 

error) 

 

 Discontinue 

 

 Yes 

 

 No 

 

 

 Yes 

 

 No 

 

 

1 

 

2 

 

3 

 

4 
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Quality Score:  

1. Two or fewer details. Solving process not apparent or student appeared to guess.   

2. Three or more details. Details presented randomly. 

3. Three or more details. Details presented in organized manner with strategy for 

solving. 

4. Three or more details. Presented a correct solving process with underlying math 

concepts, patterns or generalizations. 

(Note: if the student provides only a solution, it is considered one detail.) 
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FOURTH GRADE - Administer the measure 

“Now tell what you are thinking about each of these problems. Just say everything 

that goes through your mind while you work on the problems. Ready, begin.” Place the 

three test problems in front of the subject.  

 

Timing Start your stopwatch after saying Ready, begin. Say Stop after 2 minutes. 

Wait/ 

Reminder 

If the student stops or hesitates, up to 20 seconds, select one (allowed 1 time): 

-If the student has not said anything at all, provides a very limited, or off-track 

response, say Tell me as much as you can about the problems. 

-Otherwise, say Can you tell me anything about the problems? 

Discontinue After the first reminder, if the student does not say anything or gets off track for 10 

seconds, say Thank you and discontinue the task (30 secs. elapsed). 

 

As the student talks, use the scoring sheet to record their verbalizations and count their 

words. 
  

Read correctly 

Strategy 

/concept 

Correct 

answer 

Quality 

Score 

 

1 

 

Mrs. Cahill chose books for 7 students in her 

reading group. She chose 11 books for each 

student. How many books in all did Mrs. Cahill 

choose? 

Repeated adding; multiplication                         

  

Answer: 77 

 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 15 16 17 18 

19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 

34 35 36 37 38 39 40 41 43 43 44 45+ 

 

 Yes (>1 error) 

 

 No  (<1 error) 

 

 Discontinue 

 

 Yes 

 

 No 

 

 

 Yes 

 

 No 

 

 

1 

 

2 

 

3 

 

4 

 

2 

 

Belinda bought a pack of pencils for $1, a box 

of paints for $3, and 6 folders. What 

information is needed to find the total amount 

of  money Belinda spent? 

Find the difference, missing information   

Solutions: the cost of the 6 folders, the price of 

a folder 

 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 15 16 17 18 

19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 

34 35 36 37 38 39 40 41 43 43 44 45+ 

 

 Yes (>1 error) 

 

 No  (<1 error) 

 

 Discontinue 

 

 Yes 

 

 No 

 

 

 Yes 

 

 No 

 

 

1 

 

2 

 

3 

 

4 

 

3 

 

On Monday, 36 people visited an art museum. 

On Tuesday, 15 fewer people visited the 

museum than on Monday. Each person paid $5 

for admission. How much money was paid for 

admission to the museum on Tuesday? 

Multiplication, subtraction 

Solution: 36-15=21x$5 = $105 

 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 15 16 17 18 

19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 

34 35 36 37 38 39 40 41 43 43 44 45+ 

 

 Yes (>1 error) 

 

 No  (<1 error) 

 

 Discontinue 

 

 Yes 

 

 No 

 

 

 Yes 

 

 No 

 

 

1 

 

2 

 

3 

 

4 
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Quality Score:  

1. Two or fewer details. Solving process not apparent or student appeared to guess.   

2. Three or more details. Details presented randomly. 

3. Three or more details. Details presented in organized manner with strategy for 

solving. 

4. Three or more details. Presented a correct solving process with underlying math 

concepts, patterns or generalizations. 

(Note: if the student provides only a solution, it is considered one detail.) 
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FIFTH GRADE - Administer the measure 

“Now tell what you are thinking about each of these problems. Just say everything 

that goes through your mind while you work on the problems. Ready, begin.” Place the 

three test problems in front of the subject.  

 

Timing Start your stopwatch after saying Ready, begin. Say Stop after 2 minutes. 

Wait/ 

Reminder 

If the student stops or hesitates, up to 20 seconds, select one (allowed 1 time): 

-If the student has not said anything at all, provides a very limited, or off-track 

response, say Tell me as much as you can about the problems. 

-Otherwise, say Can you tell me anything about the problems? 

Discontinue After the first reminder, if the student does not say anything or gets off track for 10 

seconds, say Thank you and discontinue the task (30 secs. elapsed). 

 

As the student talks, use the scoring sheet to record their verbalizations and count their words. 
  Read correctly Strategy 

/concept  

Correct 

answer 

Quality 

Score 

 

1 

Sarah and Jen participated in the Frisbee toss on 

field day. Sarah threw the Frisbee 30.95 meters. 

Jen threw the Frisbee 39.31 meters. How much 

farther did Jen throw the Frisbee than Jen? 

Subtraction, find the difference, counting up 

Solution: the difference is 8.36 

 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 15 16 17 18 

19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 

34 35 36 37 38 39 40 41 43 43 44 45+ 

 

 Yes (>1 error) 

 

 No  (<1 error) 

 

 Discontinue 

 

 Yes 

 

 No 

 

 

 Yes 

 

 No 

 

 

1 

 

2 

 

3 

 

4 

2 Olga bought 25 T-shirts for $8 each. She sold 

them all for $12 each. What is the difference 

between the amount of money Olga made and 

the amount of money she spent on these 25 T-

shirts? 

Multiplication, find the difference 

Solution:25 x $8 =$200; 25 x 12=$300.  

The difference between $200 and $300 is $100. 

 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 15 16 17 18 

19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 

34 35 36 37 38 39 40 41 43 43 44 45+ 

 

 Yes (>1 error) 

 

 No  (<1 error) 

 

 Discontinue 

 

 Yes 

 

 No 

 

 

 Yes 

 

 No 

 

 

1 

 

2 

 

3 

 

4 

3 Mrs. Kline was putting wallpaper on her 

kitchen walls. She used 5 rolls of wallpaper and 

2 feet of another roll to cover half the kitchen. 

What information is needed to fin the total 

number of feet of wallpaper Mrs. Kline deed to 

cover her whole kitchen? 

Subtraction, difference 

Answer: the number of feet in a roll of 

wallpaper 

 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 15 16 17 18 

19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 

34 35 36 37 38 39 40 41 43 43 44 45+ 

 

 Yes (>1 error) 

 

 No  (<1 error) 

 

 Discontinue 

 

 Yes 

 

 No 

 

 

 Yes 

 

 No 

 

 

1 

 

2 

 

3 

 

4 
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Quality Score:  
1. Two or fewer details. Solving process not apparent or student appeared to guess.   

2. Three or more details. Details presented randomly. 

3. Three or more details. Details presented in organized manner with strategy for solving. 

4. Three or more details. Presented a correct solving process with underlying math concepts, 

patterns or generalizations. 

(Note: if the student provides only a solution, it is considered one detail.) 
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APPENDIX D 

 

 

CONCURRENT VERBALIZATION TRAINING MATERIALS 

 

AND ADMINISTRATION PROTOCOLS  
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Training materials: 

a. The DIBELS Next reading retell instructions and scoring sheet (Figures 1, 2)  

b. The concurrent verbalization script and coding sheet (Figure 3) 

c. The concurrent verbalization training protocols. (Figure 4) 

d. The DIBELS Next Assessment Accuracy Checklist – ORF (Figure 5) 

e. The DIBELS Next Assessment Accuracy Checklist – retell (Figure 6) 

f. The concurrent verbalization Assessment Accuracy Checklist (Figure 7) 

g. The TAKS practice and sample word problems (Figures 8, 9) 

h. Video clips modeling the concurrent verbalization administration.  

i. Guidelines for general administration (DMG, 2010)  

 

Agenda: 

1. Introduction, purpose and general guidelines. 

2. Practice scoring and discussion. Administrators individually score 

three video examples. After each example, the scores will be shared 

and discussed with the stated goal of scoring consistency and reliability 

between administrators.    During the third video sample, observers 

will score the administrators using the checklist. Administrators who 

have not demonstrated consistency in rating student retell will receive 

additional opportunities to practice after the training period until 

consistency with the scoring protocols is demonstrated. 
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APPENDIX E 

 

 

DIBELS ORAL READING FLUENCY ASSESSMENT ACCURACY CHECKLIST  
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APPENDIX F 

 

 

DIBELS RETELL FLUENCY ASSESSMENT ACCURACY CHECKLIST 
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APPENDIX G 

 

 

CONCURRENT VERBALIZATION ASSESSMENT ACCURACY CHECKLIST  
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Consistently  Needs    

             

 Practice 

 
Does the assessor:  

           
Position materials so that student cannot see what is being 
recorded? 

           State standardized directions exactly as written? 

           Starts timer after instructing student to “Begin”. 

           Score student verbalizations according to the scoring rules? 

           Uses reminder procedures correctly and appropriately? 

           Discontinue if the student does not verbalize after 30 seconds? 

           
Tell the student to stop if he/she is still verbalizing at the end of one 
minute?  

           
Correctly calculate the total number of words verbalized and record 
them on the scoring sheet? 

           
Correctly record the quality of verbalization score on the scoring 
sheet? 

           
Shadow score verbalization fluency with the examiner. Is he/she 
within 2 points on the final fluency score and within 1 point of the 
final quality score? 
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APPENDIX H 

 

 

TAKS SAMPLE QUESTION FOR CONCURRENT VERBALIZATION 

 

MODELING AND PRACTICE 
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Side One – Teacher Model 

Jake counted 8 oranges, 7 pears, and 4 apples in a fruit bowl. What was the total number 

of oranges and apples in the fruit bowl? 

 

Side Two – Student Model 

Remember: Read the problem then think about how you would solve it. 

 

Joey has 8 books. Robert has twice as many books as Joey has. 

How many books does Roberto have?
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APPENDIX I 

 

 

TAKS PROBLEMS FOR CONCURRENT VERBALIZATION 
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Grade 3 problems: 

Mr. Johnson’s company built 4 office buildings. 

Each building had 43 windows.  

What was the total number of windows of these 4 office buildings? 

Jose had 17 toy cars.  

His father bought him 27 more toy cars.  

Then his friend gave him another 13 toy cars.  

What is a good estimate of the number of cars he has 

 

Look at the pattern below:  

48, 45, 42, 39, 36, ____, ____ 

If the pattern continues, what two numbers will come next? 

 

Grade 4 problems: 

 

Mrs. Cahill chose books for 7 students in her reading group.  

She chose 11 books for each student.  

How many books in all did Mrs. Cahill choose? 

 

Belinda bought a pack of pencils for $1, a box of paints for $3,  

and 6 folders. What information is needed to find the total amount  

of money Belinda spent? 

 

On Monday, 36 people visited an art museum.  

On Tuesday, 15 fewer people visited the museum than on Monday.  
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Each person paid $5 for admission.  

How much money was paid for admission to the museum on Tuesday? 

 
Grade 5 problems: 

Sarah and Jen participated in the Frisbee toss on field day.  

Sarah threw the Frisbee 30.95 meters.  

Jen threw the Frisbee 39.31 meters.  

How much farther did Jen throw the Frisbee than Jen? 

 

Olga bought 25 T-shirts for $8 each. She sold them all for $12 each.  

What is the difference between the amount of money Olga made  

and the amount of money she spent on these 25 T-shirts? 

 

Mrs. Kline was putting wallpaper on her kitchen walls.  

She used 5 rolls of wallpaper and 2 feet of another roll to cover half the kitchen.  

What information is needed to find the total number of feet of wallpaper Mrs. Kline needs 

to cover her whole kitchen? 
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