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ABSTRACT 

 

Using Mathematics Curriculum Based Measurement 

as an Indicator of Student Performance on State Standards. (December 2009) 

Linda De Zell Hall, B.B.A., Texas Tech University; 

M.Ed., Texas A&M University 

Chair of Advisory Committee: Dr. Richard Parker 

 

Math skills are essential to daily life, impacting a person’s ability to function at 

home, work, and in the community. Although reading has been the focus in recent years, 

many students struggle in math. The inability to master math calculation and problem 

solving has contributed to the rising incidence of student failure, referrals for special 

education evaluations, and dropout rates. Studies have shown that curriculum based 

measurement (CBM) is a well-established tool for formative assessment, and could 

potentially be used for other purposes such as a prediction of state standards test scores, 

however to date there are limited validity studies between mathematics CBM and 

standard-based assessment. This research examined a brief assessment that reported to 

be aligned to national curriculum standards in order to predict student performance on 

state standards-based mathematics curriculum, identify students at-risk of failure, and 

plan instruction. Evidence was gathered on the System to Enhance Educational 

Performance Grade 3 Focal Mathematics Assessment Instrument (STEEP3M) as a 

formative, universal screener. Using a sample of 337 students and 22 instructional staff, 

four qualities of the STEEP3M were examined: a) internal consistency and criterion 

related validity (concurrent); b) screening students for a multi-tiered decision-making 

process; c) utility for instructional planning and intervention recommendations; and d) 

efficiency of administration, scoring, and reporting results which were the basis of the 

four research questions for this study. Several optimized solutions were generated from 

Receiver Operator Curve (ROC) statistical analysis; however none demonstrated that the 

STEEP3M maximized either sensitivity or specificity. In semi-structured interviews 
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teachers reported that they would consider using the STEEP3M, however only as a part 

of a decision-making rubric along with other measures. Further, teachers indicated that 

lessons are developed before the school year starts, more in response to the sequence of 

the state standards than to students’ needs. While the STEEP3M was sufficiently long 

enough for high-stakes or criterion-referenced decisions, this study found that the test 

does not provide sufficient diagnostic information for multi-tiered decision-making for 

intervention or instructional planning. Although practical and efficient to administer, the 

conclusions of this study show the test does not provide sufficient information on the 

content domain and does not accurately classify students in need of assistance. 
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This dissertation follows the style of Exceptional Children. 
 

CHAPTER I 

INTRODUCTION 

 

Mathematics is Fundamental 

Increasing student performance on mathematics state standards is a national 

concern and a major goal of the American educational system (Clarke & Shinn, 2004; 

Jordan, Kaplan, Locuniak, & Ramineni, 2007; National Educational Goals Panel, 2002). 

Improving student performance is a priority, yet assessments indicate that mathematics 

is not learned well enough for children in the United States to compete internationally 

(National Research Council [NRC], 2006). Results of the 1996 National Assessment of 

Educational Performance (NAEP) indicated that only 21% of fourth-grade students 

performed at or above grade level proficiency in mathematics (Clarke & Shinn, 2004; 

Reese, Miller, Mazzeo, & Dossey, 1997). In 2003 fewer than 33% of fourth graders 

demonstrated proficient skills on the NAEP mathematics test (Manzo & Galley, 2003; 

VanDerHeyden & Burns, 2008). Current mathematics reforms emphasize utilizing 

rigorous mathematics standards for students with and without disabilities (National 

Council of Teachers of Mathematics [NCTM], 2007a). Considering the need to improve 

student performance and meet current standards, the importance of measuring and 

developing mathematical literacy for all students has never been greater.  

In 2001, the Elementary and Secondary Education Act (ESEA, 1965) was 

reauthorized as the No Child Left Behind (NCLB) Act. As a result of new policy 

mandates under NCLB, expectations and demands on public schools in the United States 

have greatly increased (U.S. Department of Education [USDOE], 2002, 2003, 2005, 

2006a). These mandates require improved student performance on assessments aligned 

to enrolled grade level (EGL) state standards for all children. Failure to demonstrate 

student proficiency on standards-based assessment, known as adequate yearly progress 

(AYP) under NCLB (2001), has potential consequences, including closure or 

restructuring for low-performing schools (USDOE, 2006a). 
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Schools that have good results for students without special needs also have good 

results for students with special needs, including English language learners, students 

with disabilities, and those at-risk of failure (Malgrem, McLaughlin, & Nolet, 2005). As 

a result, there has been a move towards more inclusion in the educational classroom 

setting (Kunsch, Jitendra, & Sood, 2007; Malgrem, McLaughlin, & Norlet, 2005), 

requiring teachers to address the diverse needs of students at-risk of failure or with 

learning differences or disabilities (Carnine, Jones, & Dixon, 1994; Tomlinson et al., 

1997). In this context of education, inclusion is a term that refers to the practice of 

educating students with special needs in the general education classes with the general 

education curriculum instead of in separate classes, for the whole day or a great portion 

of it.  

In addition to NCLB, a special education policy mandate, the Individuals with 

Disabilities Education Improvement Act (IDEA) of 2004, contains explicit provisions 

for students with disabilities to have access to and make progress in the general state 

EGL standards curriculum. Both NCLB 2001 and IDEA 2004 call for larger numbers of 

students with disabilities to be included in EGL standards-based assessment (Lembke & 

Foegen, 2009; NCLB & IDEA Rule, 34 C.F.R § 200, 300, 2007).  

Employment Outlook 

According to the Occupational Outlook Handbook, basic mathematics, science, 

and technology skills are increasingly necessary for employment in today’s world 

economic marketplace (Clarke & Shinn, 2004; Institute for Educational Leadership 

[IEL], 2003; U.S. Department of Labor [USDOL], 1997, 2007). In 1997, the U.S. 

Bureau of Labor Statistics reported that on average, 28-year-old workers who tested in 

the top quartile of mathematics skills on the NAEP earn 37% more than those in the 

lower quartiles (Clarke & Shinn, 2004; Riley, 1997; USDOL, 1997). The demand for 

students skilled in mathematics, along with the low-performance statistics, points to the 

need for studies on ways to increase student achievement in mathematics. There is a 

critical need for research in order to target early intervention and plans for formative 

evaluation, based on state standards curriculum components for increasing student 
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achievement (Clarke & Shinn, 2004; National Mathematics Advisory Panel [NMAP], 

2008). 

Problem Statement 

The prevalence of mathematics learning disabilities in the general population, 

approximately 6% to 7% (Dirks, Spyer, vanLieschout, & Sonneville, 2008; Murphy & 

Mazzocco, 2008), is comparable to that for reading disabilities. Approximately 5% to 

8% of U.S. public school children exhibit characteristics of a learning disability (Badian, 

1983; Fletcher, 2005; Fuchs et al., 2007; Geary, 2004; Gross-Tsur, Manor, & Shalev, 

1996; Kunsch, Jitendra, & Sood, 2007; Lembke & Foegen, 2009; Lewis, Hitch, & 

Walker, 1994; Montague, 2007; National Center for Education Statistics [NCES], 2006). 

Researchers report that students with mild learning disabilities experience difficulty in 

most aspects of mathematics and progress at a slower rate than normally achieving peers 

(e.g., Carnine, Jitendra, & Silbert, 1997; Cawley & Miller, 1989; Englert, Culatta, & 

Horn, 1987; Harris, Miller, & Mercer, 1995; Mastropieri, Bakken, & Scruggs, 1991; 

Parmar, Cawley, & Frazita, 1996; Zentall, 1990; Zentall & Ferkis, 1993). The pattern of 

low performance in students with mild disabilities parallels the pattern of general 

education students in the U.S. who also experience difficulty with many mathematical 

concepts and problem solving (Carpenter, Matthews, Lindquist, & Silver, 1984; Kelley, 

Hosp, & Howell, 2008; NAEP, 1992).  

Research on Mathematics 

Even though the incidence of mathematics disabilities (MD) is similar to the 

incidence of reading disabilities (RD), less systematic research has been conducted on 

MD (Fuchs et al., 2007; Fuchs et al., 2008; Gross-Tsur, Manor, & Shalev, 1996; Lewis, 

Hitch, & Walker, 1994). Fuchs and Fuchs (2007) reviewed nine research studies on 

curriculum based measurement (CBM) that focused on the predictive utility of screening 

measures for forecasting MD at the end of second grade and the predictive validity of 

mathematics progress-monitoring tools. None of the studies reviewed reported predictive 

and correlation data aligned with the state standards-based assessment or decision utility 

data for lesson planning. 
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Previous studies on reading skills have identified similar critical needs for 

reading assessments designed to discover patterns of low performance. As a result, the 

U.S. Congress established the National Reading Panel (NRP) in 1997 to review a large 

body of research on reading, leading to the identification of effective reading screeners 

(Jordan, Kaplan, Locuniak, & Ramineni, 2007; National Institute of Child Health and 

Human Development [NICHD], 2000). In turn, the use of these assessments has fostered 

the development of evidence-based reading interventions (Bus & van IJzendoorn, 1999). 

Review of related literature indicates there has not been as much systematic mathematics 

research on to identify valid screening for potential mathematics difficulties and develop 

effective evidence-based interventions (e.g., Baker, Gertsen, & Lee, 2002; Fuchs et al., 

2007; Gross-Tsur, Manor, & Shalev, 1996; Jordan, Kaplan, Locuniak, & Ramineni, 

2007; Lewis, Hitch, & Walker, 1994). Additionally, the focus of studies to date has been 

narrow, addressing basic mathematics facts or simple computation (Fuchs, Fuchs, & 

Hollenbeck, 2007; Fuchs, Fuchs, & Zumeta, 2008).  

In 2006, the U.S. Congress established the National Mathematics Advisory Panel 

(NMAP), modeled after the NRP, in order to examine and summarize the scientific 

evidence related to the teaching and learning of mathematics (USDOE, 2006b). The 

NMAP issued its final report in March 2008. It included a review of standards and 

accountability needed to ensure that students are learning mathematics skills, as well as a 

review of the mathematics literature. The Panel recommended research on formative 

assessment for students in the elementary grades in order to provide information for 

teachers to design or individualize instruction. Despite these recommendations, effective 

mathematics screeners have not been developed, researched, and/or consistently utilized. 

Few studies have been conducted on predictive ability to provide data to inform 

instruction or plan interventions. Without effective mathematics screeners aligned to 

state standards curriculum, students with mathematics difficulties are less likely to be 

identified and provided with appropriate instruction and intervention. In addition to the 

NMAP report, a recent meta-analysis of mathematics interventions indicated that the 

studies reviewed failed to produce significant results, primarily because of inadequate 
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assessment tools to identify student needs in order to plan appropriate interventions 

(Maccini, Mulcahy, & Wilson, 2007).  

Mathematics Curriculum Based Measurement 

Previous studies indicate curriculum based measurement (CBM) is a well-

established tool for formative assessment, and could potentially be used for other 

purposes such as a prediction of  state standards test scores. However, to date there are a 

limited number of validity studies between CBM and states standards tests (e.g., 

Connell, 2005; Skiba, Magnusson, Martson, & Erickson, 1986; Martson, 1989; Putnam, 

1989). Carnine and Granzin (2001) reported that in the context of increased 

accountability to improve student performance, there is a need for general and special 

educators to have access to practical and reliable information regarding assessment 

educational tools. Tindal and Parker (1991) identified four criteria that can be used to 

guide the search for useful assessment procedures: 1) consistent administration and 

reliable scoring; 2) ability to discriminate among students at different skill levels; 3) 

criterion validity; and 4) sensitivity to growth. Research is necessary to extend the 

previous work on mathematics CBM in relation to these criteria and performance on 

state standards-based assessments. Further research on decision utility data for lesson 

planning is also needed. 

Data Collection Methodology 

Dillman (1978) reported that there is no one best way to collect data. Schools 

were selected for participation in the study using convenience sampling of campuses in 

Southeast Texas with third-grade classrooms. The methodology for selecting schools and 

determining their willingness to participate in the study is described in Chapter III. For 

this unfunded study, the most inexpensive methods were utilized to develop selection 

criteria for schools. Data for the study was collected through onsite administration of a 

mathematics screening instrument, interviews with educators, and reviews of educational 

records (e.g., performance on state standards-based assessment, teacher-given end-of-

course grades). The researcher travelled to each campus to collect the data. A sample of 

local education agencies (LEA, n=3), campuses (n=3), educators (n=22), and third-grade 
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students (n=337) was utilized for this study. Sample size was determined based on 

review of literature and research guidelines as described in Chapter III.  

Purpose of the Study 

Identifying students at-risk of failure to master mathematics state standards as 

early as possible is necessary in order to target and implement interventions to improve 

student performance. It is important to determine formative curriculum based 

measurement that is predictive of performance on state standards in order to identify 

appropriate interventions (Fletcher, 2005; VanDerHeyden & Witt, 2005). This study was 

undertaken to extend knowledge on how educators could identify at-risk students 

through a simple, reliable process. 

This research will examine the accuracy of a brief assessment vehicle as an 

indicator of performance on standards-based assessment, provide information regarding 

the validity for planning instruction, and evaluate the ability of such a CBM to aid in 

screening students for a multi-tiered decision-making process. This research differs from 

previous studies in that it focuses on mathematics rather than reading, conducts 

assessment in the whole group setting in the general education classroom, and utilizes an 

assessment designed based on national standards. 

System to Enhance Educational Performance (STEEP) 

STEEP is a company that develops educational tools and provides training for 

schools on how to use their tools correctly. Commercial assessment materials are 

available to conduct screening, to use as benchmark assessments, and to monitor 

progress. The company uses a standard protocol approach to quickly identify the type of 

intervention needed in reading or mathematics for students not achieving benchmarks 

(STEEP, 2007b). STEEP has provided a copyrighted grade 3 focal point mathematics 

screener for this study (which will be further reviewed in Chapter III) and has granted 

permission for its use. STEEP’s senior scientist, Joe Witt, Ph.D., reports that the screener 

is based on the NCTM focal points.  
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Research Questions 

The questions posed for this study are as follows: 

Research Question One. How well does the mathematics curriculum based 

measurement (CBM) assessment tool, the STEEP3M, reflect end-of-year student 

performance on state standards-based curriculum, as measured by the end-of-year high-

stakes TAKS test (internal consistency and criterion-related concurrent validity)? 

Research Question Two. To what extent does the STEEP3M provide information 

to support a multi-tiered decision-making process in the third grade school setting, such 

as for grouping of students and placement? 

Research Question Three. To what extent does the STEEP3M permit teachers to 

generate detailed mathematics lessons and unit planning for whole-class and individual 

needs?  

Research Question Four. How efficiently can the one-time, group administered 

STEEP3M be administered to third grade students (as indicated by time to administer, 

score, report results, and provide feedback to teachers)?  

Organization of Study  

This study is organized in the following manner. This chapter presents the 

problem statement, describes the study’s purpose, and lists research questions. Chapter II 

is a literature review that provides a rationale for development of the study’s research 

questions. In Chapter III, the methodology for conducting the research is discussed. 

Research findings are reviewed in Chapter IV. Finally, Chapter V provides evidence for 

the research questions, utility of the data, limitations of the study, and recommendations 

for further study. Following Chapter V, the Nomenclature section provides information 

for names, acronyms, abbreviations, and terms used. The Appendix section contains 

supplementary materials.  
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CHAPTER II 

REVIEW OF LITERATURE 

 

Mathematic skills are essential to daily life, impacting a person’s ability to 

function at home and work, and in the community. Although research on reading ability 

has received much focus in the U.S. in recent years, many students struggle with 

mathematics. Approximately 5% to 8% of school children have a mathematic disability 

(MD) (Jitendra, 2005). One major goal of the American education system is to increase 

student performance in mathematics (Clarke & Shinn, 2004; Jordan, Kaplan, Locuniak, 

& Ramineni, 2007; National Educational Goals Panel, 2002). In 1989, Anrig and 

LaPointe reported that only 16% of eighth grade students in the U.S. had mastered the 

content of a typical eighth-grade mathematics textbook. According to the 1996 results of 

the National Assessment of Educational Performance (NAEP), only 21% of fourth grade 

students performed at or above proficiency level in mathematics (Clarke & Shinn, 2004; 

Reese, Miller, Mazzeo, & Dossey, 1997). In 2003, fewer than 33% of fourth graders 

demonstrated proficiency on the NAEP mathematics test (Manzo & Galley, 2003; 

VanDerHeyden & Burns, 2008). This dissertation focuses on the utility of a formative 

mathematics curriculum based measurement (CBM) tool for early identification of at-

risk students and to plan instruction to target student needs. This chapter will review 

literature on mathematics education, policy, and assessment tools.  

Legacy of a Nation at Risk 

In 1983, the publication of the report U. S. Department of Education (USDOE) 

publication of A Nation at Risk concluded that U. S. schools were mediocre at best and 

that the performance of American students was declining. Although these findings have 

been challenged, as a result of this report there has been much focus on improving 

student performance in U. S. schools (Ralph, 1994). In 2001, the Elementary and 

Secondary Education Act (ESEA) was reauthorized as the No Child Left Behind Act of 

2001 (NCLB). The NCLB (2001) represents a change in and clarification of the 

relationship between the federal government and state/local education agencies 
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(SEA/LEA) regarding control of education in schools and classrooms (Simpson, 

LaCava, & Graner, 2004; Sunderman, Orfield, & Kim, 2006). These policy mandates 

call for improving student performance on state standards, which in turn have greatly 

increased expectations and demands on public schools in the U.S. (Jitendra, Sczesniak, 

& Deatline-Buchman, 2005).  

Literature and research indicate that remediation efforts for struggling learners 

have not resulted in significantly improved outcomes, thus leading to a shift in focus to 

prevention models (Chard et al., 2005). The lack of evidence to support continuing 

remediation in separate learning environments has resulted in a movement toward 

inclusion of children with special needs in the general education classroom setting 

(Kunsch, Jitendra, & Sood, 2007; Malgrem, McLaughlin, & Nolet, 2005). With 

inclusion, teachers are increasingly required to address the diverse needs of students who 

are at-risk of failure, have learning differences or disabilities, or are English language 

learners (Carnine, Jones, & Dixon, 1994; Tomlinson et al., 1997). Findings from several 

studies support the inclusion movement (e.g., Bottge, Rueda, LaRoque, Serlin, & Kwon, 

2007) and suggest students with MD can participate in learning activities. These studies 

also suggest that it is not necessary to wait until all related procedural skills are mastered 

to teach concepts for understanding. 

In addition to the NCLB of 2001, the latest reauthorization of the special 

education law, the Individuals with Disabilities Education Improvement Act (IDEA) of 

2004, includes explicit provisions for students with disabilities to have access to and 

make progress in the general state standards-based curriculum (Miller & Hudson, 2007). 

In an unprecedented alignment of general and special education legal mandates, policy-

makers embedded IDEA with NCLB provisions, such as providing highly qualified 

teachers, research research-based intervention, and standards-based assessment.  

Standards-based Assessment 

The latest regulations of the NCLB of 2001 and IDEA 2004 include provisions 

that students be assessed utilizing enrolled grade level (EGL) standards-based 

assessment (NCLB & IDEA Rule, 34 C.F.R § 200, 300, 2007). Schools face significant 
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consequences, ranging from loss of federal funding, provision of supplemental services, 

school takeover, and restructuring (IDEA, 2004; NCLB, 2001; Shippen, Houchins, 

Calhoon, Furlow, & Sartor, 2006), if they fail to demonstrate student proficiency on 

standards-based assessment, known as adequate yearly progress (AYP). Under NCLB 

(2001), SEAs define AYP goals for LEAs, including a performance assessment of all 

students on grade-level standards. Data from student performance on the state standards-

based assessment are disaggregated to reflect the impact of each grade level and 

subgroup (e.g., ethnicity, special education, English language learners) on AYP 

(Shippen, Houchins, Calhoon, Furlow, & Sartor, 2006). The performance of a small 

number of students may impact the success of an entire school campus or LEA.  

Assessment for Early Identification. Most educators agree that it is important for 

schools to assess children’s early mathematics abilities in order to predict later 

performance on school tasks (Savage & Carless, 2004). Under NCLB 2001, summative 

assessment of students on state standards and determinations of AYP begins in third 

grade. The NCLB also requires assessment in reading and math of all students in grades 

three through eight. States and schools across the U. S. generally conduct formative 

early screening of students to identify potential areas of mathematics difficulties in order 

to target interventions and plan instruction (Gertsen & Jordan, 2005; Jordan, Kaplan, 

Locuniak, & Ramineni, 2007). Early screening generally begins in kindergarten, first, or 

second grade, after children have received instruction on mathematic academic skills. In 

order to plan and deliver instruction in the general education classroom setting, 

educators regularly examine the way student needs are identified (Kunsch, Jitendra, & 

Sood, 2007). 

Research on CBM.  CBM is a well-established tool for formative assessment 

(Busch & Espin, 2003) and could potentially be used for other purposes, such as a 

prediction of state standards test scores. Although this potential for CBM exists, there 

are only are a limited number of validity studies between CBM and state tests (e.g., 

Connell, 2005; Fuchs, Fuchs, & Zumeta, 2008; Komatsu, 2004; Skiba, Magnusson, 

Martson, & Erickson, 1986; Martson, 1989; Putnam, 1989). Carnine and Granzin (2001) 
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reported that in the context of increased accountability to improve student performance, 

there is a need for general and special educators to have access to practical and 

trustworthy information regarding educational assessment tools. Although there are 

other evaluation methods for gaining this information, researchers have proposed that 

CBMs are more cost-effective, quicker and easier to administer, more sensitive to 

student growth, and allow for continual progress monitoring (Ardoin, Sulto, Witt, 

Aldrich, & McDonald, 2005; Lembke, Deno, & Hall, 2003; VanDerHeyden, Witt, 

Naquin, & Noell, 2001; Ysseldyke & Algozzine, 2006).  

Economic Factors. A driving force behind recent educational reforms has been 

the demand for skilled workers who can apply problem-solving skills (Fuchs, Fuchs, & 

Courey, 2005). Mathematics, science, and technology skills are increasingly necessary 

for employment in today’s world, according to the current Occupational Outlook 

Handbook (Clarke & Shinn, 2004; IEL, 2003; USDOL1997; 2007). Individuals with 

mathematics fluency have greater earning potential. The Bureau of Labor Statistics 

reported that on average, 28-year-old workers who tested in the top quartile of 

mathematic skills on the NAEP earn 37% more than those in the lower quartiles (Clarke 

& Shinn, 2004; Riley, 1997; USDOL, 1997). Demonstrating competency in mathematics 

involves both the acquisition of basic mathematic skills and the ability to integrate those 

skills into problem solving (Fuchs & Fuchs, 1996; Fuchs, Fuchs, & Courey, 2005).  

Policy Reforms. The NCLB Act of 2001 mandates accountability for standards-

based performance through school reform requirements, which are designed to support a 

student’s AYP. Under the latest NCLB 2001 and IDEA 2004 regulations, 97% to 99%  

of all students must be assessed using state standards-based curriculum for their EGL. 

The remaining students may be assessed on alternate academic standards or modified 

academic standards, which are aligned with the state’s academic content for their EGL. 

Therefore, all students are currently evaluated by EGL standards-based assessment. To 

meet these policy mandates, the U.S. DOE (2002) has identified school reform model 

characteristics to identify student-specific patterns of strengths and weaknesses. Schools 
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are required to implement programs that plan for evaluation of strategies and integrate 

comprehensive designs that have aligned components.  

Students with Disabilities under IDEA 2004. The first special education law,  

known as the Education for All Handicapped Children Act, was passed in 1975 and 

reauthorized as IDEA in 1997 and 2004. Since the original 1975 legislation, there has 

been a consistent increase in the number and proportion of children with learning 

disabilities being served in special education programs. Between the 1976-77 and 2003-

04 school years, the incidence of public school students with disabilities in all categories 

grew from 8.3% to 13.7%. During this same period, the incidence of students identified 

as having specific learning disabilities grew from 1.8% to 5.8%. (NCES, 2006). IDEA 

2004 provides for eight subcategories of specific learning disabilities, including two 

areas of mathematics (calculation and mathematics problem solving) and three areas for 

reading (basic reading, reading comprehension, and reading fluency) (IDEA 2004). 

National statistics are neither available nor disaggregated within the eight subcategories 

of learning disabilities (Calhoon, 2008). In general, only primary disabilities are 

reported, which further confounds more specific estimates of the number of students 

identified as having MD under IDEA 2004. The incidence of learning disabilities in 

mathematics is reported to be similar to the incidence of learning disabilities in reading 

disabilities (RD) (Dirks, Spyer, vanLieschout, & Sonneville, 2008; Gross-Tsur, Manor, 

& Shalev, 1996; Fletcher, 2005; Fuchs et al., 2007; Gross-Tsur, Manor, & Shalev, 1996; 

Lewis, Hitch, & Walker, 1994; Kunsch, Jitendra, & Sood, 2007; Lembke & Foegen, 

2009; Lewis, Hitch, & Walker, 1994; Montague, 2007; Murphy & Mazzocco, 2008), yet 

less attention has been devoted to understanding MD (Geary, 2004; Manzano & Galley, 

2003; Murphy& Mazzocco, 2008).  

Most students with mild learning disabilities experience difficulty in all aspects 

of mathematics and progress at a slower rate than normally achieving peers (e.g., 

Carnine, Jitendra, & Silbert, 1997; Cawley & Miller, 1989; Englert, Culatta, & Horn, 

1987; Harris, Miller, & Mercer, 1995; Mastropieri, Bakken, & Scruggs, 1991; Parmar, 

Cawley, & Frazita, 1996; Zentall, 1990; Zentall & Ferkis, 1993). This pattern of low 
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performance for students with mild disabilities parallels the pattern of general education 

students in the U.S. who are not identified for special education or related services, but 

who may also experience difficulty with mathematical concepts and problem solving 

(Carpenter, Matthews, Lindquist, & Silver, 1984; NAEP, 1992). Review of related 

literature suggests that these differences can be attributed to the amount and kind of 

exposure to mathematics instruction rather than real differences in student abilities 

(Stevenson, Chuansheng, & Lee, 1993; Stevenson et al., 1990; Stigler, Lee, & 

Stevenson, 1990). Unlike reading, poor achievement in mathematics may actually 

worsen as a student progresses through school, primarily due to the cumulative nature of 

mathematics (Montague, 2007). In other words, new mathematic skills depend on 

mastery of previous concepts and skills. In addition to students with identified 

mathematics disabilities, many students fail to develop mathematical skills, with 

disability levels ranging from performance below expected levels, to dyscalculia.  

National Reading Panel. The U.S. Congress established the NRP in 1997 to 

review research on reading (Jordan, Kaplan, Locuniak, & Ramineni, 2007; NICHD, 

2000; Snow, Burns, & Griffin, 1998). The NRP reviewed information from 

approximately 100,000 research studies published since 1966, oral and written testimony 

from 125 individuals, and five public hearings. As a result of the Panel’s work, two 

federally sponsored reviews of literature (Snow, Burns, & Griffin, 1998; NRP, 2000) 

were created to document the effectiveness of systematic, early literacy interventions 

(Otaiba & Fuchs, 2006). The findings of these two reports were referenced in NCLB 

(2001) and IDEA (2004) with specific mention of scientifically based reading research 

such as the Reading First initiative. Further, review of research suggested that reading 

problems might be preventable for the majority of students if they received early 

intervention (Allington, 1994; Ardoin et al., 2004; Ardoin, Sulto, Witt, Aldrich, & 

McDonald, 2005; Goldenberg, 1994; Hiebert & Taylor, 1994; Pikulski, 2002; Reynolds, 

1991). Researchers and educators note that as many as 30% of children are at-risk of 

experiencing reading difficulties (Otaiba & Fuchs, 2006). Since the incidence of MD is 
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similar to RD, these numbers may parallel children’s risk for experiencing mathematics 

difficulties.  

National Mathematics Advisory Panel. The NMAP, modeled after the NRP, was 

established in 2006 in order to examine and summarize the scientific evidence related to 

the teaching and learning of mathematics. Following the path of the NRP, the NMAP 

sought information on what was known about early identification, interventions, and 

remediation for mathematics. Issues studied by the NMAP included a review of 

standards and accountability needed to ensure that students are learning mathematic 

skills. Over two years, the panel reviewed 16,000 research studies and related 

documents, public testimony from 110 individuals, written commentary from 160 

organizations and individuals, input from 12 public meetings, and survey results from 

743 Algebra I teachers.  The Panel produced a final report in March 2008 that 

synthesized existing research and offered 45 recommendations on mathematics 

education (NMAP, 2008). 

Overall the NMAP (2008) report recommended streamlining the curriculum in 

kindergarten through grade eight, improving the quality of NAEP and state assessments, 

and emphasizing the development of student skills and knowledge leading to algebra. 

The report recommended that teachers utilize formative assessment to design and 

individualize instruction. The NMAP also noted that although research to date on 

formative assessments for mathematics was limited, it was sufficiently promising to 

recommend continuing this inquiry to identify assessments developed from sampling 

major curriculum objectives and state standards. Additionally, according to the NMAP, 

both small-scale experiments on the basic science of learning, as well as large-scale 

randomized experiments examining effective classroom practices, are needed to address 

important questions in mathematics education. In order to target and implement 

appropriate interventions for struggling students, it is important to determine formative 

curriculum based measurements that are predictive of performance on state standards 

(Fletcher, 2005). Most of the reviewed formative mathematics assessments demonstrate 

criterion-related validities in the 0.5 to 0.7 range (Foegen, Jiban, & Deno, 2007). 
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According the NMAP (2008), although these validities are weaker than those found in 

reading, they appear to be reasonable. 

A separate meta-analysis of studies on mathematics interventions reported that 

many studies reviewed failed to produce significant results, due to assessment tools that 

are inadequate for identifying student needs in order to plan appropriate interventions 

(Maccini, Mulcahy, & Wilson, 2007). Without effective mathematics assessment 

screeners, students with difficulties are less likely to be identified and be provided 

appropriate instruction and intervention. 

Initial Feedback on the NMAP Report. The NMAP report, although well 

received, has been criticized for adopting a strict and narrow definition of scientific 

evidence, employing methodological bias in selection of research studies, and 

constructing definitions of teaching that are not reflective of practices in U.S. 

classrooms. The report summarized each subpanel’s report, but to date has not integrated 

the nearly 900 pages of task group and subcommittee findings (Boaler, 2009; Cobb & 

Jackson, 2009; Confrey, Maloney, & Nguyen, 2009; Greeno & Collins, 2008; Kelly, 

2009; Lobato, 2009; Shepard, 2009; Thompson, 2009). The final report is primarily a 

listing of 45 findings and recommendations. 

Additional Information on Mathematics Research. As noted, there has been less 

systematic research conducted on MD than on RD (Fuchs et al., 2007; Gross-Tsur, 

Manor, & Shalev, 1996; Lewis, Hitch, & Walker, 1994). Calhoon (2008) reported that a 

review of literature yielded 578 articles on the development, uses, and implementation of 

CBM. Of these, only 32 were in the area of mathematics. Fuchs and Fuchs (2007) 

reviewed nine research studies that were conducted on kindergarten or first grade, 

reporting predictive validity including mathematics outcomes. They observed that most 

of the studies used time-consuming screeners that measured a narrow range of skills. 

Additionally, none of these studies reported on both correlation data predictive of 

performance on the state standards-based assessment as well as decision utility data for 

lesson planning. 
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Defining Mathematics. The term mathematics is derived from the Greek term for 

learning, study, and science, and has evolved to refer to the body of knowledge about 

quantitative concepts, including quantity, structure, space, and change. Knowledge and 

use of mathematical tools and symbols have always been integral to both individual and 

community life. From prehistoric times, humans have used mathematical representations 

for abstract concepts such as time, days, or seasons. The field of mathematics has 

evolved from simple tally recording of knotted strings for counting to the study of 

relationships using numbers, symbols, shapes, and quantities (Oxford, 2007). This 

evolution has been viewed as developing from the necessity to represent applied or 

abstract concepts, including economic issues like taxation, commerce, and land 

measurement, and the prediction of astronomical events. Mathematics conveys concepts 

using symbol association, just as reading does. However, symbol association for 

mathematics is often complex and difficult for students to master. Mathematics requires 

a structured sequence of concepts that must be in place to build upon, similar to 

establishing a building’s foundation before the walls are raised. The learning process is 

further complicated by the nature of mathematics, with computations generally resulting 

in an answer that is either correct or incorrect. Mathematics includes the disciplines of 

arithmetic, algebra, calculus, geometry, and trigonometry (NCTM, 2007a).  

Multi-tiered Support Systems for Students. The latest legislative mandates require 

implementing a multi-tiered system of support designed to provide all students with 

standards-based curriculum, high-quality instruction, and scientifically validated or 

research-based interventions. These multi-tiered systems of support have recently 

become known as response to instruction or intervention (RtI) systems. RtI systems 

include screening of all students, targeting individual needs, providing additional 

research-based interventions, and monitoring progress (Fuchs et al., 2007; Colorado 

DOE, 2007; Fuchs et al., 2008; New Mexico DOE, 2006; Washington DOE, 2007; West 

Virginia DOE, 2007).  
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Criteria for Useful Assessment Procedures. In 1991, Tindal and Parker identified 

four criteria that can be used to guide the search for useful assessment procedures: 1) 

consistent administration and reliable scoring; 2) ability to discriminate among students 

at different skill levels; 3) criterion validity; and 4) sensitivity to growth (Lembke, Deno, 

& Hall, 2003). Research to extend the previous work on mathematics CBM in relation to 

these criteria and performance on state standards-based assessment is necessary. Further 

research on decision utility data for lesson planning is also needed. 

Curriculum Based Assessments. Curriculum based assessment (CBA) is defined 

as a set of procedures using direct observation and recording of student performance in 

the local standards-based curriculum as the basis for gathering information in order to 

plan instruction (Deno, 1985, 2003; King-Sears, 1994). Research has been conducted on 

the use of CBA to measure student performance in the basic academic skill areas of 

reading, writing, spelling, and mathematics; however, mathematics has been the least 

represented in literature (Thurber, Shinn, & Smolkowski, 2002). Diagnostic measures to 

identify specific difficulties or disabilities in mathematics do not exist (Chard et al., 

2005; Geary, 2004). 

Models of CBA. After reviewing literature and research, Connell (2005) reported 

that the dearth of CBA applications for mathematics might be a function of the 

differences among the CBA models that have emerged. Connell (2005) identified three 

main CBA models: 1) accuracy model of CBA (Gickling & Havertape, 1981; Gickling 

& Thompson, 1985; Hargis, 1987); 2) criterion-referenced assessment (CRA) model 

(Blankenship, 1985; Idol-Maestas, 1983); and 3) fluency model (Deno & Mirkin, 1977). 

For the purposes of this study, the fluency model, also known as curriculum based 

measurement (CBM), will be used. CBM differs from CBA and CRA in that the 

purposes of CBM include use as a direct assessment of student performance for student 

progress monitoring (Christ & Vining, 2006; Good & Kaminski, 1996; Idol, Nevin, & 

Paolucci-Whitcomb, 1999; Ysseldyke & Algozzine, 2006); to design instruction 

(Shapiro, 1996); and to document gains in academic skills (Martson, Deno, & Kim, 

1995).  
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Differentiated Features of CBM. CBM is considered to be an “authentic” way to 

assess student performance and has been used as an evaluative tool in the educational 

setting for over 20 years (Shapiro, Edwards, & Zigmond, 2005; Shinn, 1989). CBM is an 

assessment vehicle that is characterized by a set of standard directions, a timing device, a 

set of materials, scoring rules, standards for judging performance, and record forms 

(Christ, Scullin, Tolbize, & Jiban, 2008). The student is asked to do an activity that is 

similar to familiar classroom activities. In fact, CBM often looks like a classroom 

teaching activity, but provides evaluation information. One differentiating feature is that 

CBM can align with classroom activities or standards-based curriculum, and therefore 

can more accurately assess what is taught (Hosp, Hosp, & Howell, 2007). The CBM 

content must be a subset of the content domain of a specific curriculum (Helwig, 

Anderson, & Tindal, 2002). Therefore, performance on a CBM is representative of the 

student’s mastery level of curriculum content (Calhoon, 2008). Good and Jefferson 

(1998) conducted correlational studies between CBM measures and various measures of 

achievement for reading, writing, and mathematics, finding the correlation was over 

0.60. In a study by VanDerHeyden, Witt, and Naquin (2003), a CBM screener highly 

correlated (0.545) to the Iowa Test of Basic Skills (ITBS) scores in reading and 

mathematics.  

Additional features differentiate CBM from other forms of assessment. The CBM 

is standardized, in that the behaviors to be measured are specified, as are the procedures 

for measuring those behaviors; its focus is long-term, so the testing methods and content 

remain consistent; and it reflects the performance desired at the end of the year (Fuchs, 

Fuchs, Hosp, & Hamlett, 2003; Hosp & Hosp, 2003; Hosp, Hosp, & Howell, 2007).  

Formative Assessment. Educators generally agree that it is important for schools 

to identify areas of student abilities that might predict later performance on curricula and 

school tasks (Helwig, Anderson, & Tindal, 2002; Methe, Hintze, & Floyd, 2008; Savage 

& Carless, 2004). This is known as formative assessment. It can be used to identify the 

existence and type of student needs as early as possible in order to plan instruction and 

intervention. Researchers and educators can administer formative assessments to class or 
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grade-level groups and use them as a diagnostic baseline to target skills for planning 

classroom lessons or individual instruction (Fuchs & Fuchs, 1986; Fuchs, Fuchs, & 

Hamlett, 1989; Fuchs, Fuchs, Hamlett, & Stecker, 1990; Ketterlin-Geller, McCoy, 

Twyman, & Tindal, 2003; NMAP, 2008). 

CBM as Formative Assessment. CBM has been documented as a well-established 

tool for formative assessment (Connell, 2005). Once students have been taught academic 

skills, targeted assessment to determine skill acquisition and mastery may be 

administered. Academic skills are introduced in kindergarten through second grade; 

therefore, third grade is generally targeted for the first administration of statewide 

assessments. Kunsch, Jitendra, and Sood (2007) report that research developed CBMs 

are typically more sensitive to student performance than standardized assessments, due 

to their match to curriculum content. Identifying CBMs that can be administered quickly 

to whole groups and that are tied to state or national standards may provide useful 

information to teachers for planning instruction (Busch & Espin, 2003; Ketterlin-Geller, 

McCoy, Twyman, & Tindal, 2003; VanDerHeyden, Witt, Naquin, & Noell, 2001). The 

National Center on Student Progress Monitoring (NCSPM, 2007) reported that there is 

emerging evidence that CBM may be used to predict performance on state assessments.  

Summative Assessment. Summative assessment occurs after instruction and a 

period of work in order to summarize the development or proficiency of the learner. In 

addition to providing information on a student’s performance, summative tests also can 

be used diagnostically to identify patterns of strengths and weaknesses. State standards-

based assessment is generally summative, occurring at the end of the school year, 

typically too late for planning current year instruction. In simple terms, formative 

assessment is used to plan for learning and summative assessment is used to gauge the 

extent of learning (Butler & McMunn, 2006). 

Standards-based Curriculum. Carnine, Jitendra, and Silbert (1997) suggest that 

curriculum should be guided by several basic principles. In particular, curriculum should 

be organized around fundamental ideas, concepts, or principles to increase 

understanding of complex content. The fundamental ideas provide a framework for 
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organizing instructional sequencing to help students make connections within and 

among subject areas such as mathematics. Once fundamental ideas have been identified, 

a series of specific activities and lessons can be designed for instruction.  

National Council of Teachers of Mathematics (NCTM). The NCTM (1989) 

developed standards for teaching mathematics. Instructional programs that make explicit 

connections between related skills and concepts are more likely to facilitate learning 

(Carnine, Jitendra, & Silbert, 1997) and appropriate generalizations (Carnine, Jones, & 

Dixon, 1994; NCTM, 1989). In 1991 the NCTM published Professional Standards for 

Teaching Mathematics, which described the elements of effective mathematics teaching. 

In 1995, the NCTM published the Assessment Standards for School Mathematics, listing 

objectives against which assessment practices can be measured. Analyzing what to teach 

in the classroom can help determine when and how to teach specific content. Student 

assessment tools that are criterion-referenced using the NCTM standards have been 

found to be particularly relevant in the case of students with mild disabilities.  

As a part of the mathematics and standards-based reform movements, the NCTM 

published the Principles and Standards for School Mathematics in 2000 (Xin, Jitendra, 

& Deatline-Buchman, 2005). It revised the three previous documents and created a 

single resource to be used for improvement of mathematics curricula, teaching, and 

assessment. This document includes content and process standards for the knowledge 

and the skills students should learn, such as numbers and operations, algebra, geometry, 

measurement, data analysis, and probability. Currently, 46 of the 50 separate state-

developed standards have been shaped or influenced by the NCTM standards (Berkas & 

Pattison, 2007; Burrill, 1997; Helwig, Anderson, & Tindal, 2002). 

NCTM Focal Points. The NCTM has identified and described three curriculum 

focal points for each grade level, pre-kindergarten through eighth grade (NCTMa, 2007). 

These focal points, along with integration at each grade level and connections across 

grade levels, form a national comprehensive mathematics curriculum. In order to 

increase and strengthen students’ use of mathematical processes, instruction in content 

areas should incorporate 1) the use of mathematics to solve problems; 2) an application 
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of logical reasoning to justify procedures and solutions; and 3) an involvement in the 

design and analysis of multiple representations to learn, make connections among, and 

communicate about the ideas within and outside of mathematics (Miller & Hudson, 

2007). According to the NCTM (2007a), the purpose of identifying grade-level 

curriculum focal points is to enable students to learn the content in the context of a 

focused and cohesive curriculum that implements problem solving, reasoning, and 

critical thinking. These curriculum focal points identify major instructional goals and 

desirable learning expectations, and are not just a list of objectives for students to master 

(NCTM, 2007a). The NCTM (2007a) Principles call for instruction designed to increase 

a student’s capacity to think and reason mathematically (Helwig, Anderson, & Tindal, 

2002). Research is needed on the CBMs that were developed utilizing the NCTM’s 

standards to determine whether they reflect performance on state standards-based 

assessments.  

Curriculum Focal Points for Grade 3. For third grade, the NCTM (2007a) 

recommends the following three topical areas for content emphasis: numbers and 

operations and algebra; numbers and operations; and geometry. The NCTM recommends 

these focal points be addressed in the contexts that promote problem solving, reasoning, 

communicating, making connections, and designing and analyzing representations. 

Numbers, operations, and algebra encompass the development of the student’s 

understanding and application of strategies for multiplication and division. Numbers and 

operations include the understanding of fractions and fraction equivalence. Geometry 

refers to the ability to describe and analyze properties of two-dimensional shapes. Since 

assessment of student progress on state standards generally begins at third grade, specific 

research is needed on CBM that were developed utilizing the NCTM third grade focal 

points, to determine whether the CBM is reflective of performance on state standards-

based assessment and to identify specific skill needs to plan instruction.  

Texas Essential Knowledge and Skills. In Texas, the Texas Essential Knowledge 

and Skills (TEKS) are the state-mandated standard curriculum guideline. The TEKS 

establish what every student should know and be able to do (Texas Administrative Code 
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[TAC], 2009). Similar to the NCTM standards, the TEKS have focal points for number, 

operation, and quantitative reasoning; patterns, relationships, and algebraic thinking; 

geometry and spatial reasoning; measurement; and probability and statistics. The TEKS 

are used by LEAs and teachers to guide curriculum decisions, select instructional 

materials, and plan lessons. Although separate from the NCTM standards, the TEKS are 

aligned with the NCTM (TEA, 2009c).  

Screening of Student Performance. In a multi-tiered system of support for 

students, all students are initially screened with a universal screener. Universal screening 

has three basic levels of use. First, the screener provides information on individual 

learners, their skill abilities, and areas of need. This information helps student support 

teams and instructional staff target interventions to support students in specific areas of 

skill needs. Second, the screener provides information on whole-class abilities and 

performance. The screener needs to be aligned to state or national standards-based 

curriculum in order to provide sufficient information for lesson planning. Third, as an 

extension of the first two purposes, the screener needs to be reflective of student 

performance on standards-based assessment. Additionally, the screener must be designed 

to gain the maximum amount of information about individual and group performance, 

with a minimal intrusion on classroom instructional time. Studies are needed in the area 

of mathematics to identify valid screening instruments for potential mathematic 

difficulties and to develop effective evidence-based interventions (e.g., Ardoin et al., 

2004; Bryant, 2007; Bryant & Bryant, 2006a, 2006b; Fuchs et al., 2007; Gross-Tsur, 

Manor, & Shalev, 1996; Jordan, Kaplan, Locuniak, & Ramineni, 2007: Lembke, Foegen, 

Whittaker, & Hampton, 2008; Lewis, Hitch, & Walker, 1994). 

Criterion-referenced Tests. Criterion-referenced tests (CRT) are designed with 

questions written according to a specific content within a subject area domain. CRTs are 

intended to measure how well a student has learned a predetermined set of skills within 

the content domain. They report how well students are doing, relative to a predetermined 

performance level on a specified set of educational goals or outcomes included in the 

state standards. Key skills identified for the mathematic domain in the third grade CRT 
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include number and operations, measurement, geometry, algebra, and data analysis 

(NCTM, 2007b). Generally, problems with CRT are that they are time-consuming and 

lengthy, and each test must be designed to sample the criterion fairly. 

Standards-referenced Tests. Many states, including Texas, have developed 

assessments using state standards or curriculum frameworks to design standards-

referenced testing (SRT) or standards-based assessment (Center for Public Education 

[CPE], 2007; Education Commission of the States [ECS], 2002; O’Neill & Stansbury, 

2000). The SRTs link assessment to curriculum, are designed to compare the student’s 

performance to a standard of achievement, and incorporate new forms of assessment, 

such as writing essays or solving real-life mathematic problems (ECS, 2002). Since 

SRTs are designed to test what the student has learned, they are considered to be a 

summative test. The emphasis for formative tests is to assess in order to determine how 

best to help the student. In addition to the state-adopted standards, states have set a 

performance standard for the SRTs that determine proficiency levels for subject areas. 

The SRT is then based on the state standard and the results are reported in terms of the 

proficiency levels. In Texas, the Texas Assessment of Knowledge and Skills (TAKS) is 

a form of CRT and also an SRT because it is designed to determine a student’s mastery 

of a specified content as well as mastery of state standards-based curriculum (TEA, 

2009c). 

Statewide Assessment in Texas. Statewide assessment of students in Texas began 

in 1979 with the Texas Assessment of Basic Skills (TABS) test. At that time, Texas did 

not have a statewide curriculum; therefore, committees of Texas educators developed the 

test. In 1984, the Texas Legislature re-worded the Texas Education Code (TEC), 

requiring the assessment program to be changed to measure minimum skills rather than 

competence in basic skills. The test was redesigned and re-named the Texas Educational 

Assessment of Minimum Skills (TEAMS). In 1990, the Texas Legislature again changed 

state law to include the requirement for a new criterion-referenced program, and a new 

test was developed, the Texas Assessment of Academic Skills (TAAS). The TAAS test 

shifted the focus of the statewide assessment from minimum skills to academic skills, 
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which aligned with state curriculum known as the Essential Elements. The TAAS test 

was designed with the intent to assess high-order thinking skills and problem solving in 

mathematics, reading, and writing. In 1993, the Legislature enacted the creation of a 

statewide accountability system that included public reporting of ratings based on TAAS 

performance for campuses and LEAs. In order to facilitate comparison of performance 

across grade levels, the Texas Learning Index (TLI) was developed in 1994. The TLI 

was designed to help LEAs determine whether individual students were making the AYP 

necessary in order to meet minimum requirements on the exit-level test (TEA, 2009c). 

Texas Assessment of Knowledge and Skills. In 1999, the statewide test again was 

redesigned to increase rigor and renamed the Texas Assessment of Knowledge and 

Skills (TAKS). TAKS was aligned to the state curriculum, the TEKS. The TAKS was 

field-tested in 2002 (grades 3-11) and first administered in the spring of 2003. The 

TAKS tests reading in grade 3 and reading and mathematics in grades 5 and 8. Students 

are required to demonstrate proficiency on the TAKS and achieve passing grades in 

order to advance to the next grade level. In eleventh grade students must pass the TAKS 

test (in reading, writing, mathematics, science, and social studies) and complete the 

required number of course credits in order to receive a high school diploma. The Texas 

Education Code (TEC) charges the Texas State Board of Education with establishing the 

passing standards (performance standards) on the TAKS test (TEA, 2009c). Performance 

on the TAKS is a major component of the state’s accountability system under NCLB 

2001, and is used to measure a student’s AYP. Studies on the correlation between 

formative screening assessments and performance on TAKS are needed to help teachers 

identify skill needs, plan lessons, and target individual or whole-class interventions. 

The TAKS test is designed to be a CRT in that it measures a student’s 

proficiency within content domains; it is an SRT in that it compares the student’s 

performance to a standard of achievement. The TAKS test is designed to be a summative 

test of a student’s mastery of the TEKS, and therefore is a CBM. It is problematic to use 

TAKS for monitoring student progress because its administration is time-consuming and 

its questions numerous. Additionally, in progress monitoring, each test must fairly 
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sample the content domain. Since the TAKS is designed to measure a student’s 

performance in a wide content domain, this precludes its ability to fairly sample the 

student’s depth and breadth in the domain.  

CBM and State Standards. CBM has been successfully used for formative 

assessment with students. Once students have begun explicit instruction in mathematics, 

generally in the first or second grades, it is possible to identify students who are at-risk 

(Clarke & Shinn, 2004; Fuchs, Fuchs, & Zumeta, 2008). Since CBMs can be developed 

using state standards, the results have the potential to provide closer links for planning 

instruction, targeting intervention, and predicting performance on the state standards-

based assessment. Recent research indicates that simple assessments matched the results 

of extended analysis or multiple probes approximately 83% of the time. This suggests 

the utility of conducting abbreviated assessments to differentiate skill deficits from 

performance deficits (Duhon et al., 2004). A few previous studies have been conducted 

to examine the accuracy of brief assessment in predicting student response to 

intervention. Further research is needed to determine how educators could simplify the 

processes of identifying at-risk students and planning for instruction by using results 

from brief, simple, group administered mathematics CBMs.  

System to Enhance Educational Performance (STEEP). STEEP is a company that 

develops educational tools and provides training for schools on how to use these tools 

correctly. Commercial assessment materials are available to conduct screening and 

benchmark assessments, and to monitor progress. Products include kits comprised of 

materials for assessing skills such as oral reading fluency, maze (reading 

comprehension), and mathematics. The company uses a standard protocol approach to 

quickly identify the type of reading or mathematics intervention needed for students who 

do not achieve benchmarks (STEEP, 2007b).  

Identifying Mathematics Problems 

The inability to master mathematics calculations and problem solving contributes 

significantly to the rising incidence of student failure, referrals for special education 

evaluations, and dropout rates. In 1985, Carpenter noted that a student in a special 



26 

education classroom spent less than one-third of the time studying mathematics. Carnine, 

Jitendra, and Silbert (1997) reported that students with mild disabilities experience 

difficulty in most areas of mathematics. Further, this pattern of underperformance 

parallels poor student performance in the general education setting (Carpenter, 

Matthews, Lindquist, & Silver, 1985; Kelly, Hosp, & Howell, 2008), leading to the 

conclusion that the question is not whether to change mathematics education, but where 

to begin (Carnine, Jitendra, & Silbert, 1997).  

Integral to determining a starting point for change is the identification of an 

accurate, brief curriculum-based measurement for mathematics in order to indicate 

performance on standards-based assessment, provide information regarding the validity 

for planning instruction, and evaluate the ability of such a CBM to aid in screening 

students for a multi-tiered decision-making process (Colorado DOE, 2007; NMAP, 

2008; Shinn, 1989). Educators would benefit from the increased accuracy of predictive 

achievement scores and the discovery of measures that are quick and efficient (Helwig, 

Anderson, & Tindal, 2002; NMAP, 2008; VanDerHeyden, Witt, Naquin, & Noell, 

2001). Research that differs from previous studies is needed: research that focuses on 

mathematics rather than reading, conducts assessment in the whole-group setting of the 

general education classroom, and utilizes an assessment design based on national 

standards (NMAP, 2008; VanDerHeyden & Witt, 2005).  
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CHAPTER III 

METHOD 

 

Context 

This research was designed to examine the usefulness of a brief assessment that 

is aligned to national curriculum standards in order to predict student performance, 

identify students at-risk of failure, and plan instruction. Specifically, the aim of the study 

was to gather evidence on the usefulness of the System to Enhance Educational 

Performance Grade 3 Focal Mathematics Assessment Instrument (STEEP3M), a 

mathematics curriculum based measurement (CBM), as a formative, universal screener. 

This study focused on the STEEP3M assessment tool designed to identify students with 

or without disabilities who might respond to intervention (STEEP, 2007b). The timeline 

of the study targeted gathering data on the administration of the STEEP3M within close 

proximal time of the Spring, 2007 administration of the third grade statewide 

mathematics assessment, the Texas Assessment of Knowledge and Skills (TAKS). The 

timeline and design will be described in this chapter.  

Since the study was on the use of universal screeners to predict performance on 

standards-based assessment, all third grade students who attended selected elementary 

campuses and took the regular state standards-based assessment for third grade 

mathematics, the TAKS, were eligible to participate in the study. Students who took any 

type of alternative to the regular TAKS were not eligible. As reviewed in Chapter II, 

most (97% to 99%) students are required to take the regular enrolled grade level (EGL) 

TAKS (NCLB, 2001). Only 1% to 3% of all students are eligible to take an alternate 

statewide assessment aligned to EGL standards.  

In order to answer the research questions, data on student performance in the 

classroom setting and on the statewide assessment were gathered. Campus data sets and 

demographics were downloaded from the Texas Education Agency (TEA) Academic 

Excellence Indicator System (AEIS). Information on student classroom performance on 

EGL standards-based curriculum was gathered from performance on TAKS and on 
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teacher reported end-of-year classroom grades (GRADE). Disaggregated student specific 

TAKS data from the Spring 2007 administration were provided by each of the three 

participating campuses. Data were collected on the one-time administration of the 

STEEP3M assessment. The state certified instructional staff (e.g., teachers, educational 

diagnosticians, academic specialists) who worked directly or indirectly with 

mathematics instruction were interviewed to provide additional information to answer 

the research questions. Data from these sources were combined to produce a data set for 

the elementary schools in the study. This chapter will discuss the instrumentation and 

methods used for data collection. 

Participants 

This study was conducted using a convenience sample from Local Education 

Agency (LEA) campuses with third grade classrooms. In Texas, LEAs are defined as 

public schools and include independent school districts as well as charter schools. In 

2006-07, there were 346,237 third graders who attended 4,316 elementary schools in 

1,222 LEAs (TEA, 2009b, 2009c). LEAs with at least one campus with third grade 

students were considered for the study. Schools were selected from publicly accessible 

AEIS data downloaded from the TEA Web site. Each year AEIS data is based on the 

October snapshot date. Actual enrollment on the date of the data collection or the date of 

the spring TAKS administration may vary from the AEIS snapshot date data. 

School Selection 

Initial contact was made to a selected list of schools in the southeast Texas area 

within a 200-mile radius of the researcher. Fifteen elementary schools were selected for 

initial contact with the goal of identifying two to three participating campuses for the 

study. Demographics for the schools were gathered from the TEA AEIS. In selecting 

campuses to contact, the researcher attempted to ensure that various campus types (e.g., 

urban, suburban, and rural) were considered. The criteria and selection process for the 

LEAs, campuses, and individual participants in the study are described in this chapter. 

Ultimately, the student and teacher sample for this research were from three public 

elementary schools in southeast Texas that volunteered for the study.  
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Proximity Criteria. The researcher reviewed a list selected from publicly 

accessible information which from the TEA AEIS of 75 LEAs that were within a 200-

mile radius of the researcher. The list was then narrowed down to 15-campuses based on 

random selection. The target set for the sample was to identify 2 to 3 participating 

campuses, 15 educators, and 200 third grade students.  

Size, Grade Level, Scheduling, and Data Criteria. The researcher determined that 

initial contact should be made with the campus principal, considered the instructional 

leader. The principal was provided with information about the study and asked to 

volunteer their campus third grade for participation in it, and to inform all stakeholders 

of such involvement, including educational staff and parents or guardians, if appropriate. 

The timeline for the study was provided to the principal, with the request that scheduling 

accommodate the need for the researcher to administer the STEEP3M within 6 to 8 

weeks of the Spring 2007 TAKS administration. Additionally, principals were asked to 

provide the researcher with the end-of-year classroom grades and results of the Spring 

2007 TAKS. All third grade students on the selected LEA campuses were eligible to be 

in the student sample. All staff who worked directly with instruction or assessment of 

third grade students were eligible to be in the instructional staff sample. 

Disclosure Criteria. Principals were provided information to share with their 

superintendent and other stakeholders in order to obtain approval for study participation. 

The study proposal and the process for the Texas A&M University Institutional Review 

Board (IRB) were explained to the principals. Further, principals were asked to inform 

the researcher of any internal LEA IRB procedures or ongoing school reform initiatives. 

All activities to administer the STEEP3M assessment were conducted as part of the 

students’ general curriculum and instruction; therefore, individual parental consent was 

not required. The principal was also asked to ensure that a campus instructional staff 

member be present at all times when the researcher had access to students. The process 

used to determine the criteria for school selection is summarized in Table 3.1.  
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Summary of School Selection Criteria. Schools were selected for the study from 

the 75 LEA elementary campuses considered. The following procedures were used for 

selection: 

1. From the list of all elementary schools in Texas, 75 elementary schools 

were chosen, based on their location. 

2. From the initial sampling frame of 75 schools, 15 elementary schools 

were randomly selected for contact to identify a new sampling frame of at 

least 2 schools for the study.  

3. The selection process resulted in the selection of 3 elementary schools for 

participation in the study. These schools: 

a. Agreed to inform stakeholders, provide access during timeline, and a 

commitment to volunteering. 

Table 3.1 

Summary of School Selection Criteria 

Criterion Rationale 

Proximity Within 200-mile radius of researcher so that data collection

each participating campus could be efficiently and 

economically completed 

Disclosure Principal to provide information to staff, district, and paren

Third grade students STEEP3M administered to third grade students 

Size Number of campuses to meet sample size of at least 200 

students 

Study timeline STEEP3M administered near time of Spring 2007 TAKS 

mathematics test 

TAKS scores Campus provided and TEA downloadable TAKS data to 

answer questions 

End of year course grades  End-of-year classroom grades (GRADE) to answer questio
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b. Were considered Academically Acceptable or Recognized by TEA.  

c. Would provide end-of-year classroom grades (GRADE) and TAKS 

results. 

Other Criteria Considered. Since the study was to focus on the usefulness of a 

CBM instrument and not on student performance, TEA information on LEA and campus 

ratings were considered for exclusionary purposes for participation in the study. Where 

known, LEA campuses with academically unacceptable ratings, monitoring activities, or 

other regulatory issues were eliminated from consideration. Although these LEA 

campuses might benefit from the use of an appropriate universal screener, the researcher 

determined that other intervention activities ongoing in the LEAs might impact the 

study. A further consideration was that the study might impact ongoing improvement or 

intervention activities at the campus or student level. 

Criteria Considered but not Used. When the criteria for participation were being 

established, some consideration was given to only having campuses that had received an 

Exemplary rating from the TEA AEIS system. An Exemplary rating indicates that all 

students and all student groups in all grade levels taking TAKS met a 90% standard for 

each subject. These criteria would have significantly limited the number of campuses 

and LEAs that could be considered. In addition, since on Exemplary campuses most 

students perform well on TAKS, most would in turn perform well on STEEP3M, which 

might skew data needed to answer the research questions. For the purposes of this study, 

campuses with Recognized or Academically Acceptable ratings were also considered for 

participation. Recognized or Academically Acceptable are TEA ratings indicating that 

all students and all student groups taking the TAKS test met a standard that is set by 

subject. The Academically Acceptable standard varies by subject, but for mathematics 

indicates that at least 40% of the tested students pass the TAKS test. The standard for the 

Recognized rating from TEA in mathematics is set at 70%, indicating that at least 70% 

of the tested students passed the TAKS test (TEA, 2007). Campuses with Unacceptable 

ratings were not considered, for reasons stated previously. 
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Recruitment of LEA Participants 

The researcher made initial contact to the LEA campus principal on the 15 

campuses through phone or e-mail. Two principals did not respond to multiple contact 

attempts. Four responded that their LEA Internal Review Board (IRB) could not review 

the request within the timeline set for the study. An additional three were eliminated 

because they were already using STEEP or other district-wide commercial universal 

screening programs. Three campuses were eliminated because of scheduling conflicts. In 

all, three LEAs were identified as meeting the criteria of having campuses with third 

graders, proximity to the researcher, appropriate size, scheduling availability, and 

willingness to participate in the study.  

Local Education Agency 1. The first LEA, herein identified as LEA1, is a school 

district approximately 30 miles northeast of a large city in southeast Texas, serving 

students in a non-incorporated area covering 54 square miles. This suburban and rural 

community is primarily residential, with farming and small businesses. In 2006-07, the 

enrollment of the school district as reported by TEA was 3,045 students on five 

campuses, from early childhood through twelfth grade. Third graders in LEA1 attend 

school with fourth and fifth graders on one campus. All district third graders (n=227) 

attend one campus (TEA, 2009a). 

The demographics of the LEA1 campus are listed in the summary of all LEAs in 

Table 3.2 for the school years 2004-07. The campus has consistently been composed 

primarily of students ethnically identified as white (85.2% in 2006-07). [Note: the TEA 

allows students and their families to self-identify their ethnicity and self-report other 

personal information, but does not verify the ethnicity of the student.] Over one-fourth 
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(27.1%) of the students are identified as economically disadvantaged. According to TEA 

campus comparison statistics for 2006-07, students enrolled in this campus have a 14.8% 

mobility rate and 4.2% limited English proficiency. As defined by TEA, a student is 

considered to be mobile if he or she has been in membership at the school for less than 

83% of the school year, indicating they have missed 6 or more weeks at a particular 

school. In 2006-07, the average number of students per teachers was 17.2. Nearly one-

fourth (23.7%) of the students on this campus were considered, under TEA guidelines 

for 2006-07, to be at-risk for dropping out prior to graduation, based on state-defined 

criteria. These criteria include, but are not limited to, that the student is under 21 years of 

age, was not advanced from one grade to the next for one or more school years, did not 

perform satisfactorily on a readiness test or assessment instrument administered during 

the school year, has been placed in an alternative education program, is a student of 

limited English proficiency, or is homeless. 

As seen in the summary Table 3.3 for all LEAs in the study, most third grade 

students who attend LEA1 have consistently mastered the mathematics portion of the  

TAKS for the school years 2004-05 (89%) and 2005-06 (89%) (TEA, 2009a). In 2006, 

Table 3.2 

Student Composition Percentages for 2004-2007   
 2004-2005 2005-2006 2006-2007 

 LEA1 LEA2 LEA3 LEA1 LEA2 LEA3 LEA1 LEA2 LEA3 

African 

American 
1.2 2.1 91.0 1.6 2.5 87.3 1.5 1.5 86.7 

Hispanic 8.9 92.5 8.7 10.9 93.4 12.5 12.3 94.7 13.2 

White 89.1 5.4 0.1 86.7 4.1 0.0 85.2 3.4 0.0 

Economically 

Disadvantaged 
27.0 93.6 50.4 28.5 94.6 91.2 27.1 94.3 81.5 

Mobility 15.6 22.0 10.8 15.1 18.4 15.1 14.8 26.7 11.5 

Limited English 

Proficient 
2.8 18.5 8.7 3.6 20.9 6.5 4.2 21.7 8.0 

Note: AEIS numbers reported in percentages (TEA, 2009a). 
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LEA1 was rated Academically Acceptable by TEA. Table 3.4 provides the student 

enrollment count for 2005-07. 

 

 
Local Education Agency 2. The second LEA, herein known as LEA2, is a school 

district encompassing 21 square miles in the south and southwest portion of a large 

urban and suburban area in southeast Texas. The enrollment of the school district was 

9,786 students in 2006-07. The LEA has 10 elementary schools, 4 middle schools, 2 

high schools, and 2 alternative campuses. Third grade students attend elementary school. 

Only one of the 10 elementary schools participated in the study (TEA, 2009a). 

Table 3.4 

Student Enrollment Count Data Multi-Year History for 2005-2007  

 2005-2006 2006-2007 

 LEA1 LEA2 LEA3 LEA1 LEA2 LEA3

LEA  3040 9653 1180 3045 9786 1450

Campus 632 484 694 650 470 772

Third Grade 208 82 63 227 81 64

Note: AEIS numbers reported in percentages (TEA, 2009a). 

Table 3.3 

Third Graders Meeting TAKS Standard for Math 2004-2006  

 2004-2005 2005-2006

LEA1 89.0 89.0

LEA2 62.0 66.0

LEA3 94.0 88.0

Note: AEIS numbers reported in percentages (TEA, 2009a). 
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There were 470 students enrolled in the LEA2 participating campus in 2006-07, 

64 of whom were in the third grade, as shown in Table 3.4. In 2006-07, most of students 

who attended were identified as Hispanic (94.7%) and classified as economically 

disadvantaged (94.3%). Table 3.2 provides information on the demographics of the 

campus for the 2004-05, 2005-06, and 2006-07 school years (TEA, 2009a). In the 2006-

07 school year, approximately one-fifth (21.7%) of the students were identified as 

having limited English proficiency, and over one-fourth (26.7%) were mobile. As shown 

in Table 3.3, approximately two-thirds of the students in third grade mastered the 

mathematics portion of the TAKS in 2004-05 (62%) and 2005-06 (66%). LEA2 is 

considered accredited by the Texas Education Agency and received an Academically 

Acceptable rating in 2005-2006. 

Local Education Agency 3. The third LEA, herein known as LEA3, is also a 

public school and consists of three elementary campuses. The LEA primarily serves 

students who live in a large urban setting in southeast Texas. The school started as a 

single-campus private elementary in the 1980s. In the late 1990s, a charter proposal was 

approved by TEA to make the school a public school designed to serve economically 

disadvantaged students who were low performing and at-risk of dropping out. LEA3 

serves students in kindergarten through grade 5. Currently there are three elementary 

campuses in LEA3, which serve prekindergarten through fifth grade. Enrollment was 

1,450 for the three campuses in 2006-07 (TEA, 2009a). Only one of the three campuses 

participated in the study. 

As shown in Table 3.4, there were 772 students enrolled in the participating 

campus during 2006-07, 81 of whom were in the third grade. The demographics are 

listed in Table 3.2. The majority of the students who attend are African American 

(86.7%). The LEA has served an increasing number of students who are economically 

disadvantaged; numbers jumped from 50.4% in 2005-06 to 81.5% in 2006-07. In 2006-

07, approximately one-tenth (11.5%) of the students were classified as mobile and 8% 

were identified as having limited English proficiency (TEA, 2009a). 
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Summary of LEAs Participating in the Study. Summary information for 

enrollment in schools participating in the study is provided in Table 3.4. Each of the 

LEAs has had consistent enrollment for the past 3 years, with LEA3 showing a slight 

increase. The student composition percentages for ethnicity, economically 

disadvantaged, and Limited English proficiency have likewise remained consistent over 

the past 3 school years, as summarized in Table 3.2. LEA3 has seen a percentage 

increase in students who are economically disadvantaged. According to Table 3.3, most 

third grade students at the participating campuses had consistently mastered the 

mathematics portion of the TAKS for the years 2004-05 (94%) and 2005-06 (88%). In 

2006, LEA3 received a Recognized rating (TEA, 2009a). 

Individual Participants 

Three categories of individual participants from the three LEA campuses were 

sought for participation in the study. This section will discuss them: campus 

administrators, instructional staff, and students. 

Campus Administration Participants. Campus administrators from the three 

participating schools determined which students and instructional staff would participate 

in the study. They also arranged the date and time for the administration of the 

STEEP3M and Teacher Survey Interview Questionnaire (T-SIQ). Campus 

administrators arranged scheduling and access to students in order for the STEEP3M to 

be administered in the general education classroom setting. To the knowledge of the 

researcher, all students present on the day of the STEEP3M administration were 

included in the study.  

Campus administrators provided information from the Spring 2007 TAKS 

mathematics performance and teacher assigned end-of-course mathematics grades. All 

personally identifiable or confidential information was masked, as guaranteed by the 

researcher. Campuses and individual participants were assigned an identifying code. The 

researcher requested, and the campus administrator made available, campus staff to be 

present at all times when the researcher was in proximity of student participants. Further, 

responsibility remained with the campus administrator to answer any questions parents 
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might have about the study. As previously mentioned, the researcher provided 

information reviewed and approved by the Texas A&M Institutional Review Board. 

Instructional Staff Participants. Information was gathered from instructional staff 

who worked directly with instruction or assessment of students. Data were gathered from 

instructional staff using open-ended and closed questions from the Teacher Survey 

Interview Questionnaire (T-SIQ; see Appendix B for sample questionnaire) to gain 

information on the use of the curriculum based measurement, selection and use of 

instructional materials, and their initial impression of the STEEP3M. The campus 

administrators selected their instructional staff participants. All personally identifiable or 

confidential information was masked and teachers were assigned an identifying code. 

Table 3.5 summarizes the instructional staff eligible to participate in the study, totaling 

22: 12 members from LEA1, 6 from LEA2, and 4 from LEA3. This exceeded the goal of 

identifying 15 educational staff.   

Student Participants. The student participants were selected from third grade 

public elementary school students in southeast Texas. All students were eligible to 

participate in the study if they were enrolled in the third grade at participating campuses 

and took the regular state standards assessment (TAKS). Since TAKS is an assessment 

of student progress in the general education curriculum, it was noted during the design 

phase of the study that one of its limitations might be that collected data on students who 

qualify for additional supports might be limited, since these students may take 

assessments aligned to alternate standards. These additional supports might include but 

not be limited to special education and related services, English as a second language 

support, and/or special reading programs. The current study focused primarily on general 

education rather than general and special education.  
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Summary of Individual Participants. Campus administrators determined which 

students would participate, provided information and data on them, and made them 

available for the study. A total of 372 students on the three campuses were eligible. The 

total number of students identified exceeded the projected sample size of 200 originally 

set for the study. The researcher, a graduate student from the Texas A&M University of 

Educational Psychology Department, travelled to school campuses to collect data from a 

one-time, whole-class, group administration of the STEEP3M. All personally 

identifiable or confidential student information was masked and students were assigned 

an identifying code. Campus administrators arranged scheduling so that campus 

instructional staff was present at all times when the researcher was in proximity of 

student participants. Table 3.5 provides a summary of the number of participants 

eligible. There were a total of 372 students eligible for the study: 227 from LEA1, 64 

from LEA2, and 81 from LEA3. There were a total of 22 eligible instructional staff 

members.  

Instrumentation 

Two data collections instruments were needed for the study: 

1. System to Enhance Educational Performance Grade 3 Focal 

Mathematics Assessment Instrument (STEEP3M) 

2. Teacher Survey Interview Questionnaire (T-SIQ) 

The following section describes these instruments. 

Table 3.5 

Summary of Participants Eligible for Study       

 LEA1 LEA2 LEA3 Row Total 

Campuses 1 1 1 3 

Administrators 1 1 1 3 

Instructional Staff 12 6 4 22 

Students 227 64 81 372 
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System to Enhance Educational Performance 

System to Enhance Educational Performance (STEEP) is a company that 

develops educational tools and provides training for schools on the correct usage of these 

tools. Commercial assessment materials are available to conduct screening, give 

benchmark assessments, and monitor progress. Products include assessment kits 

comprised of materials for assessing skills such as oral reading fluency, maze (reading 

comprehension), and mathematics. The company uses a standard protocol approach to 

quickly identify the type of intervention needed in reading or mathematics for students 

who don’t achieve benchmarks (STEEP, 2007b).  

Third Grade Screening Measure. This research examined a copyrighted third 

grade universal CBM screening vehicle developed by the commercial group, STEEP, the 

System to Enhance Educational Performance Grade 3 Focal Mathematics Assessment 

Instrument or STEEP3M (STEEP, 2007a). The senior scientist for STEEP, Joe Witt, 

Ph.D., reported that the STEEP3M screener is based on the NCTM focal points. The 

STEEP3M CBM is also reported to be based on the mathematics focal points as 

developed by the National Council of Teachers of Mathematics (NCTM). The 

STEEP3M is designed to be administered to whole groups in the third grade classroom 

setting, with students being instructed to work individually. The STEEP3M is reported 

by its developers to be an evidenced based process designed to systematically evaluate 

the achievement of all students (STEEP, 2007b). The face and content validity of the 

instrument were reported by STEEP to have been previously reviewed but the results of 

the review were not provided to the researcher. 

At the time of the administration of the STEEP3M for this study, the company 

was planning to use the tool in a separate grant-funded research project, and therefore it 

provided access to the assessment in order to gain pilot information. The STEEP3M 

consisted of 41 problems in eight sections over three pages. In addition to mathematics 

skills, reading and writing skills were required to complete the assessment, which might 

be a limitation of the study. The administration and answer key documents were printed 

for the researcher to utilize. 
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The graduate student researcher who is conducting this dissertation study is not 

participating in or benefiting from the STEEP study. No monetary or other compensation 

was or will be received by this researcher. This is an unfunded study. STEEP has granted 

the researcher permission to use copyrighted materials for the purpose of this study only. 

All copyrighted materials remain the property of STEEP, were and will be kept 

confidential, and will be used only for the stated purpose of this study. All confidential, 

personally identifiable information was masked.  

The STEEP3M is a newly developed assessment tool based on the NCTM focal 

points. STEEP is also in the process of developing similar assessments for other grade 

levels. STEEP also previously developed products including an RtI package that 

contains materials for both reading and mathematics, training components, assessment 

tools for students, Web seminars, Web-based data management tools, and computer 

based interventions for mathematics and reading. At the time of the study in 2007, the 

cost for the entire RtI package was approximately $10,000 for campuses with up to 500 

students. Other materials and manuals for assessment may be purchased at a cost ranging 

from $10 (mathematics computational fluency assessments, package of 50) to $200 

(school-wide assessment organizer) (STEEP, 2007b). 

Administration Instructions for STEEP3M. The instructions for administration, 

the STEEP3M instrument, and the answer key were provided to the researcher in 

electronic format (Adobe systems portable document format [PDF]), black and white 

version. Likewise, the STEEP3M was printed in black and white for administration to 

students. The researcher used the STEEP3M standard set of instructions for 

administration of the assessment. The only oral instructions that the researcher provided 

to students were the scripted instructions. Students were observed to ensure that they 

followed instructions and completed the task. 

Administration of STEEP3M. The researcher administered the STEEP3M during 

May 2007. Administration of the assessment was conducted in the whole-group general 

education classroom setting with start and finish times recorded. The researcher 

completed all scoring and data input, hand-scoring the probes and entering the data into 
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the Microsoft Excel program. Data were transferred into the NCSS statistical analysis 

program. Teacher responses were recorded electronically using the Microsoft Excel 

program and then coded for analysis. 

Administration Time of STEEP3M. The assessment developers recommend 15 

minutes for administration. The researcher determined that extending the time for the 

study to 20 minutes would give students more opportunity to complete test items. The 

purpose for extending the time was to gather more data to answer the research questions. 

The STEEP3M probes were collected at the end of 20 minutes even if students had not 

completed the assessment. The plan for administration was to test all students during a 

one-day onsite visit to each campus.  

Features of STEEP3M Instrument 

The STEEP3M, developed in 2007, consists of 41 problems arranged by focal 

point, divided into eight sections on three pages. Approximately one inch of blank space 

was provided above and below each section for student use. For the purposes of this 

study, administration of the STEEP3M was primarily to make determinations about the 

instrument and not for screening participating student abilities. The STEEP 3M is a 

copyrighted document and provided to the researcher for use only in this study. The 

following section provides a description of the instrument.  

Section 1: Fill in Missing Numbers. The first section consisted of the first four 

items and required the student to provide the missing numbers to complete a stimulus 

question. The title to the section, “Fill in the Missing Numbers,” provided the only 

directions. No additional directions or sample items were provided on the student 

version of the form or through oral administration directions. For each item, a short 

stimulus was written on STEEP3M. For example, on one item the student was to “write 

the next even number” in the sequence, “60, 62, ___.” The correct answer is 64. For the 

STEEP3M, reading test items aloud to the student was not allowed. [Note: reading to a 

student is an allowable accommodation on the TAKS (TEA, 2009c).] 

Section 2: Complete the Pattern. Items 5 through 10 on the instrument required 

the student to “fill in the missing numbers to complete the pattern.” Again, the title 
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provided the only directions, with no sample items provided. In this section, problems all 

had number patterns with blanks for missing items, such as: “10, 5, 20, 10, 5, 20, 10, 5, 

20, ___.” The student was to write the number 10 in the blank to correctly complete the 

pattern. No clarification was provided on the test or by the researcher for terms such as 

“pattern.” 

Section 3: Write the Number in Standard Form. Items 11 through 16 required the 

student to “write the number in standard form in the blank.” As with previous sections, 

the title provided the directions for the section, with no further clarification or definition 

of terminology such as “standard form.” In this section, the student was provided items 

such as “8 hundreds + 9 tens + 7 ones” and was to write the answer as 897. 

Section 4: Fractions of Pie Charts. In this section, students viewed three pie 

charts, items 17 through 19, shaded in black and gray. The student was to look at the pie 

chart and determine “what part of the pie is shaded gray.” The section title, “Write the 

Correct Fraction,” provided the directions. Although the answer key provided answers in 

the fractions’ reduced format, the directions did not stipulate that the student was to 

reduce the fractions. Therefore, answers that were not reduced were accepted. For 

example, one pie chart had two sections shaded gray and two sections shaded black. An 

answer of 1/2 or 2/4 was accepted.  

Section 5: Fraction Comparisons. Items 20 through 28 required the student to 

select and circle the correct answer to a problem comparing fractions. In addition to the 

title, each problem had a word stimulus directing the student to circle either the larger or 

smaller of the two fractions. Students were asked questions such as “Which is smaller, 

2/4 or 3/4?” to which they would answer 2/4. A limited amount of blank space above 

and below the section was provided for students to complete work to answer the 

problems. 

Section 6: Using Data. In this section, students read the title and a stimulus 

instructing them to use the data in a table on voting to answer three questions, items 29 

through 31. A data table was provided listing the 7 days of the week and the number of 
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votes. Students had to read three questions and provide the days of the week to answer 

the questions.  

Section 7: Measurement. In this section with two problems, items 32 and 33, the 

student was to look at two rulers and answer “measurement” questions. For both 

questions, the student was required to provide an estimate of the length shown on the 

ruler. 

Section 8: Multiplication and Division. In the last section for items 34 through 

41, the student was required to fill in the blank with a number for each question. Eight 

multiplication and division problems were given, with one number left out. The student 

was to provide the missing number. For example, one item was “5 x 5 = 25; ___ ÷ 5 = 

5,” to which the student answered 25. 

Teacher Survey Interview Questionnaire (T-SIQ) 

In addition to data collected from the one-time administration of the STEEP3M, 

the researcher determined that it would be beneficial to get information from educational 

staff working directly with the assessment or instruction of third grade mathematics. It 

was necessary for many of these staff questions to be open-ended because of the 

descriptive nature of the information sought. Asking open-ended questions allowed for 

follow-up questions when necessary. The staff interview questionnaire was conducted 

through interviews rather than a self-administered one. The researcher developed a 

questionnaire titled Teacher/Educator Questionnaire on Mathematics Curriculum Based 

Measurement, herein known as Teacher Survey Interview Questionnaire (T-SIQ). A 

copy of the T-SIQ is included in Appendix A. 

Description of T-SIQ Instrument. The T-SIQ was developed as a semi-structured 

interview questionnaire using a predetermined set of open-ended questions (Merriam, 

2001). According to Lindlof and Taylor (2002), the interviewer should determine well in 

advance the themes or topics for exploration during the interview. The questionnaire 

developed serves as a guide during a semi-structured interview to help researchers focus 

the interview on the identified topics without constraining them to a particular more 

structured format. The T-SIQ consisted of a short description of the study, approval by 
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the Texas A&M IRB, and seven questions developed based on topics that the researcher 

determined would provide information to answer the research questions. The questions 

were asked in a face-to-face interview, which allowed for flexibility and follow-up 

questions.  

Table 3.6 provides information on the topics listed as indicators and themes for 

the T-SIQ. The first question was developed to gather information on assessments 

currently used to determine the mathematics skills of the students. The next question 

sought information on how teachers made decisions on teaching mathematics. The third 

and fourth questions asked for information on textbooks and commercial mathematics 

materials used by the campus. The fifth question sought information on initial perception 

 

Table 3.6 

Indicators Used in Developing T-SIQ Questionnaire      

Indicator Theme 

Current method of identifying 

student’s level of math 

achievement 

Methods (including CBM) to determine 

student’s current math achievement 

Current decision-making 

process for math instruction 

Methods used to determine lesson plan 

content for math instruction 

Current textbook/instructional 

materials  

Methods/materials used to determine 

student’s achievement level or determine 

lesson plan content for math instruction 

STEEP3M Initial response to/perception of STEEP3M 

TAKS Time commitment for standards-based 

assessment 

Released TAKS Time commitment for and use of released 

statewide assessment  
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of the STEEP3M. This question had two follow-up questions designed to query the 

participants about their opinion on the use of the STEEP3M and the usefulness of the 

student performance data. The T-SIQ sixth and seventh questions gathered information 

on TAKS. Question six asked how long it took to administer the TAKS. Question seven 

focused on the use of released TAKS tests. 

Data Sources 

Five sources of data were needed to collect data to answer the research questions, 

as summarized in Table 3.7.  

 

 
Academic Excellence Indicator System (AEIS) 

The Texas Education Agency (TEA) AEIS reports were downloaded from the 

TEA Web site to gather data on campus and student demographics and additional TAKS 

performance. Comparative information was gathered for the years 2002-07. After 

review, the researcher determined to use only the most current data from school years 

2004-07, where available. At the time of the administration of the STEEP3M, the 2006-

07 AEIS information was not available; it became available after the study’s completion 

and before the research was written up.  

 

Table 3.7 

Summary of Measurements for the Study       

Nomenclature Measurements 

AEIS Academic Excellence Indicator System 

GRADE Teacher Reported End of Year Classroom Grades 

STEEP3M System to Enhance Educational Performance Grade 3 Focal Points 

Mathematics Assessment Instrument 

TAKS Texas Assessment of Knowledge and Skills 

T-SIQ Teacher Survey Interview Questionnaire 
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Classroom Grades (GRADE) 

Teacher reported end-of-year classroom grades on student mathematics 

performance on third grade level curriculum were collected (hence known as GRADE). 

Campus administrators provided data on classroom grades during May and June of 2007. 

System to Enhance Educational Performance 3M (STEEP3M) 

The STEEP3M was previously described under the Instrumentation section. Data 

on overall performance and on each item was gathered from the one-time May 2007 

administration to the student participants in the sample.  

Texas Assessment of Knowledge and Skills (TAKS) 

Data were collected on student mathematics performance on the TAKS 

administered in Spring 2007. Campus administrators provided campus level data reports 

for mathematics. Information from the campus reports were reviewed to collect data on 

scaled score, standard met, and results by objectives. TAKS is currently the assessment 

utilized in Texas to determine progress towards mastery of state standards. As of this 

writing in 2009, the Spring 2007 TAKS tests have not yet been released and therefore 

are not available for study. 

Teacher Survey Interview Questionnaire (T-SIQ) 

Instructional staff was queried using a bank of open-ended and closed questions 

(T-SIQ) as previously described in the Instrumentation section. Data from the T-SIQ 

provided information to answer the research questions. T-SIQ questions gathered 

information on how the campus assesses the mathematics skills of students and how 

teachers make decisions on what to teach. Teachers and instructional staff were asked to 

report on textbooks or other commercial materials that the campus uses to teach 

mathematics and how these are utilized. Information was also gathered on teachers’ 

initial impressions of the STEEP3M, TAKS administration time, and the use of released 

TAKS versions. The T-SIQ was administered during May and June of 2007. 

Summary of Data Sources in Study. Table 3.7 provides a summary list of the five 

data sources used for the study. The T-SIQ provided qualitative date from instructional 
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staff. The AEIS provided publicly accessible demographic data and TAKS passage 

statistics. The other three, GRADE, TAKS, and STEEP3M all yielded quantitative data. 

Design 

This correlation research design was used to analyze quantitative data using 

parametric and nonparametric methods to study the STEEP3M, a commercially 

developed CBM. Questions were developed to gain qualitative information from 

instructional staff on mathematics teaching and perceptions of the CBM.  

The study was conducted between April and September of 2007 on students who 

enrolled in third grade in the fall of 2006. Table 3.8 reviews the timeline for the study.  

The spring administration of the Grade 3 mathematics TAKS test was conducted and the 

researcher made initial campus contact in Spring 2007. The STEEP3M was administered 

to students on 3 days in May of 2007. The researcher interviewed the teachers in May 

and June of 2007 using the T-SIQ. Campuses assigned end-of-year classroom grades 

(GRADE) in May and June of 2007. The researcher gathered data on TAKS, GRADE, 

and AEIS from May through of September, 2007. 

 

Table 3.8 

Timeline for Study 

Fall, 2006 Students enroll in third grade at LEA1, LEA2, and LEA3 

April, 2007 Administration of the Grade 3 mathematics TAKS 

Initial contact to campus administrators 

May, 2007 Administration of the STEEP3M  

May – June, 2007 Administration of the T-SIQ  

End-of-year classroom mathematics GRADE assigned by 

teachers 

May – September, 2007 Gather TAKS data 

Gather GRADE 

Gather TEA data, including AEIS 
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Data Analysis 

Descriptive statistics are used to summarize the sample’s data numerically and/or 

graphically. Inferential statistics are used to identify patterns in the data, account for 

variances, and draw inferences about the larger population (all third grade students in 

public schools). Inferential statistics are utilized to model relationships (regression) or 

describe associations (correlation). Although correlation does not imply causation, two 

variables that tend to vary together may be causally connected, directly or indirectly.  

The researcher administered the STEEP3M to whole-class groups of third grade 

students. Information was gathered from performance on the Spring 2007 administration 

of the TAKS and end-of-course classroom grades (GRADE) as assigned by teachers. 

Descriptive statistics are used to summarize the data from the measurement sources. 

There were 337 students, 22 teachers, and 3 administrators who participated in the study. 

Answering the Research Questions 

Research Question One. How well does the mathematics curriculum based 

measurement (CBM) assessment tool, the STEEP3M, reflect end-of-year student 

performance on state standards-based curriculum as measured by the end-of-year high-

stakes TAKS test (internal consistency and criterion-related concurrent validity)? 

(Psychometric measurement question.) 

Data analysis of this question focuses on the psychometric measurement aspects 

of the study. This question was answered from three data sources. The first was on 

student performance as evidenced by performance on end-of-year classroom 

performance (GRADE). The second was performance on the state standards assessment 

(Texas Assessment of Knowledge and Skills, or TAKS). The third was performance on 

the administration of the universal screener, the STEEP3M. The TAKS and STEEP3M 

are interval data and the GRADE is ordinal data. GRADE and TAKS were compared 

with STEEP3M scores for concurrent validity. The statistics utilized for this analysis are 

Pearson R correlation between the predictor, STEEP3M, and two criteria, TAKS and 

GRADE. Table 3.9 provides a summary of the data analysis plan for Research Question 

One.  
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Research Question Two. To what extent does the STEEP3M provide information 

to support a multi-tiered decision-making process in the third grade school setting, such 

as for grouping of students and placement? (Applied analysis – utility for multi-tiered 

decision-making.) 

The chief requirement for an assessment tool within an RtI model is that it must 

be able to identify students needing more intensive instruction. Because this was a pilot 

administration of the STEEP3M, it could not ethically be used for that purpose. 

However, it could be used to match the two strongest existing criteria for students 

requiring more intensive help: a) failing grade in mathematics course (GRADE) and b) 

failure on the high-stakes end-of-year mathematics standards-based test (TAKS). 

This question is answered by logistic regression, using STEEP3M scores to 

predict two dichotomous variables: GRADE (pass/fail) and TAKS (pass/fail). Table 3.10 

provides a summary of the data analysis plan for Research Question Two.  

 

Table 3.9 

Data Analysis Plan for Research Question One (Psychometric Features) 

Analysis 

Unit (N) 

Data source Statistics Level of data 

Student 

(337) 

Teacher 

(22) 

AEIS 

GRADE 

STEEP3M 

TAKS 

Scaled Score 

Correlation between STEEP 3M and 

TAKS 

Pearson’s R on two continuous scores 

between STEEP3M and TAKS 

Spearman’s Rho on two continuous 

scores between STEEP3M and 

TAKS 

Interval (TAKS, 

STEEP3M) 

Ordinal (GRADE) 
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Research Question Three. To what extent does the STEEP3M permit teachers to 

generate detailed mathematics lessons and unit planning for whole-class and individual 

needs? (Classical item analysis.)  

This question focuses on application to determine the utility of the STEEP3M for 

planning instruction. The data sources for answering this question are STEEP3M sub-

test scores and teacher interview data. Table 3.11 provides a summary of the data 

analysis plan for Research Question Three. The STEEP3M sub-test scores were matched 

to the TAKS sub-skill identification of the Texas Essential Knowledge and Skills 

(TEKS). Additional qualitative data (T-SIQ) were collected from teachers on their 

perception of the STEEP3M. The T-SIQ were analyzed by qualitative response coding. 

The qualitative data were obtained from a semi-structured interview between the 

researcher and 22 instructional staff. The researcher organized the interviewees’ 

Table 3.10 

Data Analysis Plan for Research Question Two 

Analysis 

Unit (N) 

Data source Statistics Level of data 

Student 

(337) 

Teacher 

(22) 

GRADE 

STEEP3M 

TAKS Results by 

Objective 

TAKS Scaled 

Score 

T-SIQ 

Analysis of 

qualitative data 

Descriptive 

statistics 

Logistic regression 

Interval (TAKS, 

STEEP3M) 

Ordinal (GRADE) 
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responses into segments using short word phrases that suggested how the data were 

associated. Once organized, the data were summarized based on the prevalence of codes, 

similarities and differences, and comparisons (Merriam, 2001). Analyses to answer this 

question were descriptive, regression, correlation, and analysis of qualitative data.  

Research Question Four. How efficiently can the one-time, group administered 

STEEP3M be administered to third grade students (as indicated by time to administer, 

score, report results, and provide feedback to teachers)?  

To answer this research question, data were collected on time to administer, 

score, report results, and provide feedback to teachers. Additional qualitative data were 

collected from instructional staff to further answer this question. Data sources were the 

STEEP3M, TAKS Scaled Score, and T-SIQ. Five statistical measures were used to 

answer this question: descriptive statistics, logistic regression, time recording, 

Table 3.11 

Data Analysis Plan for Research Question Three 

Analysis 

Unit (N) 

Data source Statistics Level of data 

Student 

(337) 

Teacher 

(22) 

GRADE 

TEKS Standards 

STEEP3M 

TAKS Results by 

Objective 

TAKS Scaled Score 

TEKS Standards 

T-SIQ 

Descriptive 

statistics 

Logistic 

regression 

Analysis of 

qualitative  

data 

Interval (TAKS, 

STEEP3M) 

Ordinal (GRADE) 
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observations, and anecdotal information. The STEEP3M and TAKS data were interval. 

Table 3.12 provides an overview of the data analysis plan for Research Question Four.  

 
Instrument Software for Data Analysis 

Organization of Data. Microsoft Office Excel is a spreadsheet application written 

and distributed by Microsoft for Microsoft Windows. The software features calculation 

and graphing tools. The first version was released in 1985 and has been the most widely 

used spreadsheet program since 1993 (Microsoft, 2009). Excel interfaces with other 

Microsoft Office software programs including Microsoft Word, the word processing 

software. The researcher utilized both Microsoft Excel and Word for data organization.  

Software for Analysis. In 1981, the Number Cruncher Statistical System (NCSS) 

was developed as a computer program for statistical and data analysis. Currently 

identified by its acronym, NCSS, this software continues to be used for analysis and 

display of data. The software provides over 200 documented statistical and plot 

procedures. NCSS imports and exports all major spreadsheet, database, and statistical 

 

Table 3.12 

Data Analysis Plan for Research Question Four 

Analysis 

Unit (N) 

Data 

source 

Statistics Level of data 

Student 

(337) 

Teacher  

(22) 

STEEP3M 

TAKS  

T-SIQ 

Anecdotal 

information 

Descriptive statistics 

Logistic regression 

Observations 

Time recording 

Interval (STEEP3M, 

TAKS) 
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file formats including Microsoft Excel (NCSS, 2009). The researcher utilized NCSS for 

statistical analysis of the research questions.  

Design Limitations 

This research is a study of the usefulness of a brief assessment, the STEEP3M. 

As such, certain assumptions have been made on the content and face validity of the 

STEEP3M based on information provided by the developers. To the researcher’s 

knowledge, no pilot study was conducted on the instrument.  

Limitations of Sample. The sample was made of three schools that are in close 

proximity to the researcher and that volunteered for the study. Given the study’s sample 

composition, size, and focus, the results may not be used to infer conclusions beyond the 

scope study. However, the results may expand the research on the accuracy of a brief 

CBM as a performance indicator on standards-based assessment, provide information 

regarding the validity for planning instruction, and evaluate the ability of such a CBM to 

aid in screening students for a multi-tiered decision-making process. 

Statewide Assessment Limitations. A potential limitation of the study would be if 

the TEA or Texas policymakers changed the state standards (TEKS) or decided to utilize 

another assessment tool or method, such as end-of-course examination. Also, according 

to the TEA, most students complete the TAKS in 2 to 3 hours. However, the TAKS is an 

untimed test and students may take an extended, unlimited amount of time to complete 

it. Therefore, a second potential limitation might be a time limit for the screener’s 

administration. However, the study’s focus is to identify students who demonstrate 

accuracy and fluency in completing the assessment.  

Differentiation of the Study 

This research differed from previous studies in that it focused on mathematics 

rather than reading; conducted assessment in the whole-group setting in the general 

education classroom; and utilized an assessment design that was based on national 

standards.  
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CHAPTER IV 

RESULTS 

 

This purpose of this study was to examine the usefulness of a brief mathematics 

assessment tool, the System to Enhance Educational Performance Grade 3 Focal 

Mathematics Assessment Instrument, STEEP3M. This study involved the selection of 

three elementary schools for the administration of the STEEP3M assessment to third 

graders in the spring of 2007. These students had taken the high-stakes state standards-

based assessment test, the Texas Assessment of Knowledge and Skills (TAKS), in April 

2007. Four qualities of the STEEP3M were examined: a) internal consistency and 

criterion-related validity (concurrent); b) screening students for a multi-tiered decision-

making process; c) utility for instructional planning and intervention recommendations; 

and d) efficiency of administration, scoring, and reporting results. These four qualities 

were the basis for the four research questions for the study. 

Research Question One 

How well does the mathematics curriculum based measurement (CBM) 

assessment tool, the STEEP3M, reflect end-of-year student performance on state 

standards-based curriculum as measured by the end-of-year high-stakes TAKS test? 

(Internal consistency and criterion-related concurrent validity) 

Research Question Two 

To what extent does the STEEP3M provide information to support a multi-tiered 

decision-making process in the third grade school setting, such as for grouping of 

students and placement? (Screening students for a multi-tiered decision-making process) 

Research Question Three 

To what extent does the STEEP3M permit teachers to generate detailed 

mathematics lessons and unit planning for whole-class and individual needs? (Utility for 

instructional planning and intervention recommendations)  
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Research Question Four 

How efficiently can the one-time, group administered STEEP3M be administered 

(as indicated by time to administer, score, report results, and provide feedback to 

teachers) to third grade students? (Efficiency of administration, scoring, and reporting 

results) 

This chapter is organized to provide summary information on the research study 

and the answers to the research questions. 

Participants and Setting 

Three elementary campus administrators in Texas volunteered their staff and 

third grade students for the study. The three campuses were all public local education 

agencies (LEAs) herein known as LEA1, LEA2, and LEA3. Two are campuses in 

independent school districts and one is a public charter school. As reviewed in Chapter 

III, the original target for the sample size was 15 instructional staff and 200 students. 

The actual number of instructional staff and student participants exceeded these original 

targets. All participants over the original planned sample size who met specific criteria 

were included in the study to provide additional information to answer the research 

questions. Table 4.1 summarizes the total number of participants from whom data were 

collected. Twenty-two instructional staff members participated in the study. The 

STEEP3M was administered in 18 elementary classrooms at 3 separate Local Education 

Agencies (LEAs) to a total of 355 students during May 2007. 
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Students in the final sample were required to have available data from three 

sources, including the one-time administration of the STEEP3M, GRADE, and TAKS. 

As shown in TABLE 4.2, 337 of the 355 students who were administered the STEEP3M 

also had GRADE and TAKS data. Eighteen students who took the STEEP3M were 

eliminated from the study because data were not available from all three sources. Of 

these, nine were eliminated because they took alternative statewide assessments (e.g., the 

TAKS-Alternative field test [n=4], or the State Developed Alternative Assessment 

[n=5]). The other students did not differ demographically from the remaining sample but 

were eliminated because they were absent or transferred into or out of the campus during 

the TAKS administration. As shown in Table 4.2, the total student sample, for which the 

researcher had complete data from all sources, was 337, with LEA1 (n=207), LEA2 

(n=60), and LEA3 (n=70). Additional information on each participating LEA is provided 

in Chapter III. 

 

TABLE 4.1 

Summary of All Participants in Study  

 LEA1 LEA2 LEA3 Row Total 

Campuses 1 1 1 3 

Administrators 1 1 1 3 

Instructional Staff 12 6 4 22 

Students 207 60 70 337 

Column Total 221 68 76 365 
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Descriptive Information on Data Sources 

To assist in answering the four questions posed for this study on the technical 

adequacy, internal consistency, criterion-related validity, usefulness, acceptability, and 

efficiency of the STEEP3M, four additional types of data were collected. First, in May 

and June 2007, data on teacher-reported end-of-year classroom grades (GRADE) were 

collected from the three participating campuses. Second, in May and June 2007, 

information from instructional staff was gathered through use of the Teacher Survey 

Interview Questionnaire (T-SIQ) developed for this study. Third, between May and 

September 2007, the campuses provided student performance data for the April 2007 

third grade mathematics TAKS administration. Finally, between May and September 

2007, data were collected from the Texas Education Agency (TEA) public access 

information Academic Excellence Indicator System (AEIS). Since final data from TEA 

are available for public access only after a verification period, the researcher reviewed 

all TEA information again using the AEIS and LONESTAR public access data retrieval 

systems between December 2008 and March 2009. The information from a single late 

spring administration of the STEEP3M, the nearly concurrent administration of the high-

stakes TAKS test, and other data on classroom performance (GRADE) were combined 

with information from the T-SIQ to answer the research questions for the study. The 

following section provides descriptive statistics on the STEEP3M, GRADE, and TAKS. 

TABLE 4.2 

Summary of Student Count by Data Source 

 STEEP3M TAKS GRADE Complete 

LEA1 218 228 209 207 

LEA2 64 61 65 60 

LEA3 73 70 72 70 

Column Total 355 359 346 337 

Note: Complete = Data available from all three sources.  
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Descriptive Information on the STEEP3M 

Descriptive statistics quantitatively describe or summarize the distribution of 

values for a set of observations. Descriptive statistics were conducted on the obtained 

scores of 337 students from the one-time administration of the STEEP3M to determine 

central tendency, variability, spread, and shape of the distribution.  

Central Tendency of STEEP3M. Measures of central tendency represent the score 

of a typical individual in the group (Crocker & Algina, 2008). The three most common 

measures of central tendency are the mean, median, and mode. The mean, or average 

number of items correct, was 29.43 (70.73%, standard deviation [SD] = 6.59); the mode, 

or most frequently occurring score, was 33; and the median, or number that lies at the 

midpoint of the distribution, was 31. 

Variability of STEEP3M. Measures of variability indicate the degree of the 

dispersion among the spread of the scores. For the STEEP3M with a mean of 29.37, the 

range was 4 to 40. None of the 337 students answered all 41 items correctly. Whereas 

the range provides an index of the dispersion among the full group of scores, the 

interquartile range (IQR) indicates how much spread exists among the middle 50% of 

the scores, and is considered a more robust measure of dispersion because it is not 

affected by outliers (Huck, 2004, 2008; Sax, 1989; Thorndike, 1997). If a distribution is 

concentrated around the mean, the IQR will be small. Likewise, if the data is widely 

dispersed, the IQR will be large. The IQR is the difference between the 25th and 75th 

percentiles. For this distribution, the IQR was 26.5 (25th percentile) to 34 (75th 

percentile). 

Distribution of STEEP3M. The shape of a distribution describes the pattern of the 

numbers along the number line. As shown in Figure 4.1, the STEEP3M scores are highly 

skewed to the left, or negatively skewed, indicating that the majority of the values lie  

above the mean value. Skewing refers to the extent to which a distribution of values 

deviates from symmetry around the mean. Skewing one way or another will tend to 

reduce the test’s reliability. A negatively skewed distribution may indicate that a test was 

too easy, with many high scores and few low scores (Huck, 2004; Sax, 1989). According 



59 

to Sax (1989), negatively skewed distributions of items that are relatively easy are 

favored if the purpose is to place students in classes for struggling learners or for 

targeting interventions or identifying students who have not mastered the curriculum. 

There is a sharp rise between 21 and 31 items answered correctly (see Figure 

4.1), indicating that correctly answering relatively few items could make a big difference 

in a student's percentile rank. That is not an ideal result and indicates that the STEEP3M 

is lacking in well-graduated items at the higher difficulty range. Discrimination is the 

ability of an item to separate higher ability participants from lower ability ones 

(Thorndike, 2005). The STEEP3M does not appear to discriminate very well and a 

relatively few items above the 25th percentile could make a big difference in a student’s 

percentile rank. Descriptive statistics for the STEEP3M are summarized in Table 4.3, 

following the descriptive statistic information for the GRADE and TAKS. 

 

 

FIGURE 4.1 

Histogram of Number of Items Correct for STEEP3M     
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Descriptive Information on GRADE 

The grading scale for students in the study was based on teacher assigned 

classroom grades from zero to 100. Grades of 70 or above were considered to be 

passing, reflecting that the student has mastered the curriculum in the classroom setting.  

Central Tendency of GRADE. The mean end-of-year report-card grade (GRADE) 

for students participating in the study was 84.84. The median was 86 and the mode was 

92.  

Variability of GRADE. The GRADE scores ranged from 63 to 98. The IQR was 

calculated on the middle 50% of the GRADE scores as a more robust statistic. The IQR 

of these distribution scores was 80 to 91. 

Distribution of GRADE. Only 6 students (1.78%) received grades in the failing 

range (below 70), which may be considered to skew the data because of the subjectivity 

of teacher assigned grades. An unbalanced distribution such as this one will make it 

difficult to measure strong relationship with any other variable (Huck, 2004). Strong 

effects, whether from analysis of variance (ANOVA), correlation, or other type of 

statistical analysis, rely on well-balanced data. As shown in Figure 4.2, the shape is quite 

smooth, but as was the case with STEEP3M, the data were skewed negatively to the left, 

indicating most grades were above the mean. Descriptive statistics for GRADE are 

summarized in Table 4.3. 
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FIGURE 4.2 
Histogram of Math End-of-Year Grade (GRADE)      
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Descriptive Information on TAKS 

The third grade mathematics TAKS was administered to 297,734 students in 

elementary schools across Texas in April 2007. The TEA set the standard for passing 

this TAKS at the scale score of 2100. According to the TEA (2009c), the mean scaled 

score was 2263. The test consisted of 40 items across 6 third grade mathematics TEKS 

objectives (herein known as TEKS 3-1, TEKS 3-2, TEKS 3-3, TEKS 3-4, TEKS 3-5, 

and TEKS 3-6). 

Central Tendency of TAKS. Descriptive statistic analysis of the TAKS scaled 

scores for students in the study indicated the mean was 2236.86, which is slightly less 

than the statewide mean of 2263. The median was 2232 and the mode was 2400. 

Although the mean, median, and mode are not equal, they are fairly close.  
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Variability of TAKS. The range of TAKS scaled scores for students in the study 

was 1629 to 2709 (mean 2236.86, SD = 194.6). The robust IQR for the TAKS was 2115 

(25th percentile) to 2400 (75th percentile). 

Distribution of TAKS. The TAKS distribution for students in the study is 

considered normal with an almost perfect bell shape around a single mean, as shown in 

Figure 4.3. Descriptive statistics for TAKS are summarized in Table 4.3, following the 

Summary of Information on Data Sources section. 

 

FIGURE 4.3 

Histogram of TAKS Scale Score for Students in Study     
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Summary of Information on Data Sources 

Data were collected on 337 students for the study from three sources: 1) a one-

time administration of the STEEP3M; 2) end-of-year mathematics grades (GRADE); 

and 3) the April 2007 administration of the TAKS third grade mathematics tests (see 
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Table 4.2). Descriptive statistics for STEEP3M, GRADE, and TAKS for the students in 

the study are summarized in Table 4.3.  

 
Highly skewed variables will not give excellent results because of the nature of 

the correlations (Huck, 2004; Sax, 1989; Thorndike, 2005). The correlations will be 

attenuated or dwarfed because of the lack of spread on one side of the distribution. The 

negative skewing of the STEEP3M data is primarily due to the large number of 

participants who scored high on the STEEP3M, indicating that for many it is too easy a 

test. Likewise the negative skewing of GRADE data indicates that a high number of 

students received a high end-of-year course grade, which will make it hard to get a 

strong relation with any other variable. 

Research Question One 

How well does the mathematics curriculum based measurement (CBM) 

assessment tool, the STEEP3M, reflect end-of-year student performance on state 

standards-based curriculum as measured by the end-of-year high-stakes TAKS test? 

(Internal consistency and criterion-related concurrent validity.) 

 

TABLE 4.3 

Descriptive Statistics Summary for STEEP3M, GRADE, and TAKS 

 STEEP3M GRADE TAKS 

Minimum  4.00 63.00 1629.00 

Mean 29.00 84.84 2236.86 

Median 31.00 86.00 2232.00 

Mode 33.00 92.00 2400.00 

Maximum 40.00 98.00 2709.00 

Standard Deviation 6.59 7.85 194.61 

IQR 25th Percentile 26.50 80.00 2115.00 

IQR 75th Percentile 34.00 91.00 2400.00 

Note: N=337 Students; STEEP3M based on number of items correct; TAKS based on Scaled Score. 
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The description of instrument quality primarily focuses on two measurement-

related concepts: reliability (internal consistency) and validity. Therefore, the first 

research question is focused on these psychometric properties of the STEEP3M as 

measured by internal consistency and criterion-related concurrent validity. The 

STEEP3M is a criterion-referenced measurement tool purported to predict TAKS 

mathematics end-of-year performance. To answer this question, data were collected and 

analyzed from three sources, the STEEP3M, GRADE, and TAKS. The item-level 

database included 41 STEEP3M items and 337 students. 

Internal consistency is the extent to which the parts of a measurement instrument, 

in this case the individual questions on the STEEP3M, measure the same thing (Huck, 

2004, 2008). Other forms of reliability (e.g., retest, alternate forms) are difficult to 

achieve at an acceptable level if the instrument has poor internal consistency. Internal 

consistency may be determined from correlational analysis of a single one-time 

administration of a test to a single group of individuals (Crocker & Algina, 1986, 2008; 

Huck, 2004, 2008). Spearman’s Rho and Cronbach’s Alpha output were reviewed to 

help determine the internal consistency of the STEEP3M (Crocker & Algina, 1986, 

2008; Huck, 2004, 2008).  

Criterion-related validity checks a test’s relationship to other, accepted, or 

established measures in the same area, and is a standard requirement for a new measure 

(Crocker & Algina, 1986, 2008; Huck, 2004, 2008; Salkind, 2004). The two main types 

of criterion-related validity are concurrent and predictive. Concurrent validity examines 

the test’s relationship with a “criterion measure,” both administered at close to the same 

time (Crocker & Algina, 1986, 2008; Huck, 2004, 2008; Sax, 1989; Thorndike, 2005). 

The strength of the correlation of the STEEP3M with two criteria, the TAKS (Pearson’s 

R) and the GRADE (Spearman’s Rho) were reviewed. According to Sax (1989), 

criterion-referenced tests present some unique problems because many items may be too 

easy, and domains are difficult to define even if objectives are carefully worded (Sax, 

1989; Thorndike, 2005). Item analysis is used to determine the difficulty of an item and 
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how well an item distinguishes or discriminates between higher and lower scoring 

examinees (Thorndike, 2005). 

In answering this question, classical item analysis was conducted to review 

summary statistics on item performance. The key elements of classical item analysis 

include a) the item difficulty of each item; b) the item discrimination of each item; and 

c) the overall Cronbach’s Alpha (Sax, 1989; Thorndike, 2005). Distributions of item 

difficulty and item discrimination can show the levels of ability for which a test is best 

and worst suited. Efficiency and/or speediness of the test for the particular group are also 

a part of classical item analysis. This will be reviewed in Research Question Four.  

Internal Consistency 

Internal consistency analysis was used to determine the extent to which items on 

the STEEP3M were consistent with one another in that each item represents one, and 

only one, single dimension, construct, or area of interest. The researcher administered 

the STEEP3M to third grade students on one occasion to gather data to judge reliability. 

The reliability of the test was estimated by analyzing how well the STEEP3M items 

correlated with one another. High inter-item correlation and Cronbach's Alpha indicate 

that the items all measure a single construct or ability, in this case, third grade math 

ability. Cronbach's Alpha measures how well a set of items (or variables) measures a 

single, one-dimensional construct (Huck, 2004; Thorndike, 2005). For this study the 

Cronbach’s Alpha, discussed further in this chapter, was used to assess the internal 

consistency of the STEEP3M. 

Item Difficulty. Item difficulty is the proportion of participants who answered a 

given item correctly (Gulliksen, 1950, 1987; Sax, 1989; Thorndike, 2005). For test items 

on the STEEP3M there was one right answer for each item, and therefore the answer 

was dichotomous (right/wrong). Item difficulty of the STEEP3M was assessed using the 

item’s average, or mean score. The average item mean for the STEEP3M is .72 as shown 

in Table 4.4, indicating the assessment tool was on the borderline of being too easy. The 

average item difficulty value was 80%, with an IQR of .67 to .86, which represented the 

percentage correct by the average student across 41 items for 337 students. The average 
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item difficulty at the 10th percentile was 25%, indicating that only 25% of the students 

got them correct. The most difficult items were at or below the 10th percentile. The item 

difficulties were not well distributed, with many easy items plus a few very difficult ones 

(6). From this table, it is apparent that there is a large jump from the 10th to the 25th 

percentile and then a moderate jump from the 25th to the 50th percentile. The item 

difficulty level then does not change much between the 50th (.800), 75th (.858), and 90th 

(.929) percentiles. Items that are extremely easy or hard cannot effectively discriminate 

among students (Sax, 1989). A test should have a fairly even distribution of item 

difficulties, with some increase in number of items toward the performance mean (Sax, 

1989). This will prevent the necessity of large jumps in performance to increase the total 

score scale. For the STEEP3M, there was a large undesirable gap between the easy and 

difficult items. Overall, the STEEP3M was quite an easy test. 

 
Table 4.5 reports the average item difficulty or “percent correct” of TAKS. The 

IQR for this distribution is .70 to .93, with a mean of .78 and a standard deviation of 

.175.  

 

TABLE 4.4 

Item Analysis for STEEP3M: Average Item Difficulty 

 10th 25th 50th 75th 90th 

Parameter Percentile Percentile Percentile Percentile Percentile 

Value 0.257 0.671 0.800 0.858 0.929 
 



67 

 
Item Discrimination. Item discrimination is a measure of how well an item is 

able to distinguish between examinees with high versus low overall test scores (Huck, 

2004; Sax, 1989; Thorndike, 1997, 2005). The possible range of discrimination is 

between -1 and 1. An item that discriminates negatively may indicate that the item is 

measuring something other than what the rest of the test is measuring, because a higher 

percentage of examinees are answering correctly (Crocker & Algina, 1986; 2008; Sax, 

1989; Thorndike, 1997, 2005). In 1965, Robert Ebel provided the following guidelines 

for item discrimination: 1) discrimination values of .40 or above are satisfactory; 2) 

those between .30 and .39 require little or no revision; 3) those between .20 and .29 are 

marginal and need rewriting; and 4) those below .19 should be discarded or significantly 

revised (Crocker & Algina, 2008; Payne, 2003). 

As shown in Table 4.6, the STEEP3M item discrimination has a mean of .52, 

with a range of .23 to .82. The IQR is .35 to .67, indicating that about 10% of the items 

in the STEEP3M are marginal and need rewriting.  

 

TABLE 4.5 

Item Analysis for TAKS: Average Item Difficulty      

 10th 25th 50th 75th 90th 

Parameter Percentile Percentile Percentile Percentile Percentile 

Value 0.500 0.700 0.825 0.925 0.950 
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Cronbach’s Alpha. Cronbach’s Alpha is the average value of the reliability 

coefficients that would be obtained for all possible groupings of items, split in half 

(Cronbach, 1951; Cronbach & Shavelson, 2004; Gliem & Gliem, 2003; Huck, 2005). If 

test items measure the same construct, then the two resulting subsets should correlate. 

The closer the correlation is between the two subsets the greater the internal consistency. 

George and Mallery (2003) suggest the following rules of thumb for evaluating the 

Cronbach’s Alpha coefficients: a) greater than .90 is considered excellent; b) .80 to .89 is 

considered good; c) .70 to .79 is considered acceptable; d) .60 to .69 is considered 

questionable; e) .50 to .59 is considered poor; and f) .49 or below is considered 

unacceptable. Coefficients in the high 80s or 90s are common for established tests. 

Utilizing NCSS statistical software for analysis, the standardized Cronbach’s Alpha was 

.88 for the STEEP3M, which is considered good and suggests the questions comprising 

the test are internally consistent, mainly measuring a single mathematics ability 

construct. 

Criterion-related Validity  

In psychometrics, criterion-related validity, either predictive or concurrent, is a 

measure of how well a target test or subtest predicts an external established (and usually 

well-accepted) measure termed the “criterion” (Thorndike, 1997, 2005). One of the 

major uses of a criterion-referenced test such as the STEEP3M is for making predictive 

decisions about the examinee’s level of competency on a domain of skills (Allen & Yen, 

1979, 2002; Crocker & Algina, 1986). Concurrent validity is established by comparing a 

TABLE 4.6 

Item Analysis for STEEP3M: Average Item Discrimination     

 10th 25th 50th 75th 90th 

Parameter Percentile Percentile Percentile Percentile Percentile 

Value 0.284 0.353 0.534 0.673 0.741 

Note: Quartile Section of STEEP3M. Average Item R^2 (Item Discrimination) Mean = .52. Range .23 

to .82. 
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new test, in this case the STEEP3M, with measures that are already considered valid or 

widely accepted. A high positive correlation with the existing measures would be 

interpreted as establishing validity for the new measure. In this study, the two criterion 

measures for measuring concurrent validity were course grades (GRADE) and the high-

stakes year-end TAKS test, which closely mirrors the TEKS mathematics curriculum 

standards for Texas. If criterion measures are quite similar in content and item type, and 

are themselves reliable, then validity coefficients of .70 to .85 are expected. If the match 

between the target test and criterion measure not as close, or if the criterion measure 

itself lacks reliability, then coefficients of only .50 to .60 are expected. This study 

utilized two criterion measures, the TAKS and GRADE. Although GRADE was used as 

a measure of subject mastery and to determine whether a student advances to the next 

grade level, it has unknown, probably low, validity. GRADE is an aggregate of 

individual assessments, which may include many subjective measures (Allen, 2005; 

Marzano, 2000).  

STEEP3M predicted the TAKS moderately well, with R = .597 (p<.000). 

STEEP3M’s prediction of the criterion GRADE was similar, at R = .587 (p<.000). Since 

both validity correlations were similar, the question was whether GRADES and TAKS 

were basically measuring the same thing. A follow-up multiple regression was 

conducted, predicting STEEP3M from a combination of GRADE and TAKS. The result 

was R = .65, a little higher than either of the independent relationships. This means that 

GRADE and TAKS do share considerable variance and tend to measure the same thing, 

even though they are independent measures. The common ingredient is probably the 

mathematic ability of the student, plus study habits. 

Differential Predictability of TAKS by STEEP3M. Differential predictability 

means that for some skill levels the predictor does not work as well as for other skill 

levels (Ghiselli, 1963; Jorgensen, 1970; Vinchur, 1993). To check differential 

predictability from STEEP to TAKS for various students, the student group was divided 

into three equal sub-groups according to TAKS scores, and STEEP3M predictability was 

checked within each group. The sample size (N = 337) was large enough to provide 
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three ordered sub-groups of 112 students each. Note that because the range of each of 

these sub-groups was restricted, lower correlations would be expected. Results by level 

between STEEP3M and TAKS showed strong differences. Correlations were as follows 

for the low, medium, and high group. For the low group, the R = .64 (p<.000), for the 

medium group, the R = .0425, and for the high group, the R = .273. The STEEP3M 

shows the poorest discrimination among TAKS levels in the middle of the range, 

followed by the upper range. The absolute size of each analysis by level should drop on 

the basis of attenuation alone, yet that is not the case for the low score range. The uneven 

predictability of the TAKS versus STEEP3M scores can be seen in the scatter plot in 

Figure 4.4. A slight diagonal tendency of the TAKS scale score up to about 2000, and 

then a flat tendency, reflects low correlation in the middle and upper regions of the 

TAKS scores. 

 

FIGURE 4.4 

Scatter Plot of TAKS versus STEEP3M Scores      
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Differential Predictability of GRADE by STEEP3M. The same question on 

differential predictability was then asked about the STEEP3M in predicting end-of-year 

classroom grades (GRADE). The grade scale was divided into three segments with 112 

students in each segment. As with TAKS, because the range of each subgroup was 

restricted, lower correlations would be expected. For the lowest group of students, R = 

.536, for the middle group, R = .243, and for the highest group, R = .343.  Thus, as a 

predictor of GRADE, STEEP3M’s effectiveness varies greatly by the student’s GRADE 

level. Prediction is poorest for students with a middle GRADE, and next poorest for 

students with a high GRADE.  It is a reasonably good predictor only for students with a 

low GRADE. In Figure 4.5, the flat GRADE section from about 80 upward represents a 

low correlation with STEEP3M scores. 

 

FIGURE 4.5 

Scatter Plot of GRADE versus STEEP3M Scores      
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Summary of Research Question One 

To answer Question One on the consistency and validity of the STEEP3M, 

analyses of internal consistency and criterion-related concurrent validity were 

conducted. Classical item analysis was used to determine item difficulty, item 

discrimination, and the Cronbach’s Alpha. Overall the STEEP3M was quite an easy test, 

with an average item difficulty IQR of .67 to .86. The item discrimination IQR of .35 to 

.67 indicated that most items had acceptable discrimination, with about 10% needing to 

be rewritten. The Cronbach’s Alpha of .88 is considered good and suggests the test 

questions are internally consistent. 

Regarding the second part of Research Question One on criterion-related 

validity, the sample of 337 students was subdivided into three groups for analysis for 

criterion-related concurrent validity. Based on these analyses, the STEEP3M shows 

poorest discrimination among TAKS levels in the middle of the range. Discrimination at 

upper range is also poor. It is a reasonably good predictor within the lowest third of 

class, by GRADE.  

Research Question One addressed two important psychometric properties of the 

STEEP3M regarding internal consistency and concurrent validity. These two qualities 

provide foundational information to answer Research Question Two on the utility and 

Research Question Three on the usefulness of the STEEP3M for teachers. A test that did 

not possess internal consistency or validity would not provide information for a multi-

tiered decision-making process for grouping and placement of students or for planning 

instruction. 

Research Question Two 

To what extent does the STEEP3M provide information to support a multi-tiered 

decision-making process in the third grade school setting, such as for grouping of 

students and placement? 

The second research question focused on the utility of the STEEP3M for 

screening students within a multi-tiered decision-making process. According to 

information on STEEP’s Web site, students whose needs are not being met by the core 
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curriculum can be identified by universal screening for intervention and progress 

monitoring. STEEP3M is purported by its developers to be a universal screener for 

multi-tiered Response to Intervention (RTI) models that help schools determine whether 

a student needs differentiated instruction, special grouping, or placement in a special 

program (STEEPa, 2007). These decisions are generally made after failure has occurred 

in the classroom or on a standards-based assessment (TAKS). Therefore, the developers 

of the STEEP3M promote that it will help schools reduce inappropriate referrals to 

special education. Most RtI models identify three tiers of instruction, the first being the 

basic curriculum for whole-group instruction, for approximately 85% of the students. 

The second and third, or bottom, tiers (for approximately 15% and 5% of students, 

respectively) provide specific small group or individual targeted interventions (Fuchs & 

Fuchs, 2007). 

To evaluate the degree of decision accuracy for a given test within an RtI 

framework, one “true criterion” or more is needed. For this study, the true criteria were 

pass/fail for TAKS and GRADES. Failure on either criterion has serious consequences. 

It will likely result not only in decisions on reteaching, but in-class support grouping, 

special programs or intervention supports placement, and/or moving  a student into the 

next RtI level. It would be useful to have a test with an RtI model that could predict 

either of these pass/fail criteria. The standard method for judging accuracy in predicting 

pass/fail is by the Receiver Operator Curve (ROC), accessed either separately in a 

“diagnostic testing” module or within Logistic Regression. This analysis yields the 

probabilities for four outcomes for a dichotomous decision: true (or actual) positives, 

false positives, true negatives, and false negatives. The ROC is a graphical 

representation of two characteristics: the sensitivity versus the specificity for a binary 

classifier system (Hosmer & Lemeshow, 2000). Central to using ROC curves is a cutoff 

level to classify participants into one of two groups – in this case, students who are in 

danger of failing the third grade mathematics TAKS, and those who are not (Allen & 

Yen, 2002; Crocker & Algina, 1986, 2002). An ROC curve is the plot of the true 
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positive rate (sensitivity) against the false positive rate (specificity) for the different 

possible cutoff points for a diagnostic test. 

The calculation for sensitivity, or the degree to which a diagnostic instrument 

correctly identifies children at-risk (in this case, those at-risk for failing the third grade 

mathematics TAKS) involves dividing the true positives (predicted to fail and actually 

failed) by the sum of the true positives and the false negatives (students who were 

predicted to pass but indeed failed). A sensitivity of 100% would mean that all students 

who might fail the TAKS were correctly identified. A test with low sensitivity would 

miss the target and would not predict those students who need help. 

Specificity is the degree to which a diagnostic instrument correctly identifies 

students at low risk for failing the TAKS. Therefore, for this study, a specificity of 100% 

means that the test correctly identified all students who would pass the TAKS. A test 

with low specificity would falsely identify students as being at-risk of failing the TAKS 

who are not actually at-risk of failing. Low sensitivity or low specificity results in false 

alarms that, by misidentifying students, cost time and money and cause inconvenience 

and unneeded parent and/or student stress. Specificity is calculated by dividing the 

number of true negatives (students who were predicted to pass TAKS and did so) by the 

sum of true negatives and false positives (students who were predicted to fail TAKS but 

passed).  

Therefore, there is a direct relationship between specificity and sensitivity: as one 

increases, the other decreases. A fundamental purpose of this study is to determine the 

usefulness of the STEEP3M as a universal screener to identify students who might be in 

danger of failing the TAKS, scoring failing GRADES, or requiring an RtI intervention. 

Increasing the likelihood of any testing errors has a major impact on high-stakes 

decisions for educating students. A false positive error might incorrectly place a student 

in remediation or intervention programs, which would limit general classroom or 

enrichment education instruction time. A false negative might prevent a student from 

receiving intervention, additional instruction, or special programs, causing them 

additional struggle in the general classroom setting. 
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Categorical decision analysis within logistic regression was used to test the 

ability of the STEEP3M to predict TAKS pass or failure. This dichotomy, TAKS pass or 

fail, is a real-world scenario with implications for educating a student differently, based 

on performance or predicted performance on the TAKS. Additionally, decisions on 

changing instructional settings, referral for special programs including special education, 

selection of instructional materials, student grouping, and setting goals for students are 

all impacted by a student’s performance on the TAKS. This analysis began with an ROC 

analysis from logistic regression yielding a classification accuracy table for predicting 

whether or not the student met the TAKS standard, a scaled score of 2100. 

Logistic regression is a method for determining the maximum likelihood of 

occurrence by using the ROC to optimize prediction of classification accuracy. The 

predictors in logistic regression are one or more continuous variables, and the dependent 

or criterion measure is a categorical (often dichotomous) placement (George & Mallery, 

2003; Hosmer & Lemeshow, 2000; Huck, 2008). Logistic regression provides more 

flexibility than other analyses because it does not assume linear relation between 

variables or a normally distributed dependent variable (Huck, 2004). There are several 

overall optimized solutions for analysis in order to capture the most failures in 

prediction, as shown in Table 4.7. The cutoff score for predicting pass/fail can be 

changed to decrease any one of the two types of errors (false positives or false 

negatives), but at the cost of an increase in the other type of error. 
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For the logistic regression models in this study, the researcher was most 

interested in classification accuracy and sensitivity, and then in observing the associated 

specificity. In the context of RtI, the sum of true and false positives constitutes the 

sample for secondary tiered interventions (Fuchs et al., 2007). Many RtI models suggest 

that 5% (for this study, n=17) of students will be in tertiary intervention and 15% (for 

this study, n=51) in secondary intervention, bringing the sum of true and false positives 

to 20% (n=68) (Fuchs et al., 2007). In the actual sample for the study, 19% (n=64) 

actually failed the TAKS. Therefore, adjusting the cutoff point for optimized solutions 

requires a balance; the net must be cast widely enough to catch students at-risk for 

failing TAKS, without falsely catching those who are not at-risk. The cost of low 

sensitivity is in missing the target, whereas the cost of low specificity is in identifying 

too many students for intervention.  

TABLE 4.7 

Classification Accuracy Table for Prediction of Whether Student Met TAKS Standard 

A B C D Sensitivity Specificity Classification 
Accuracy 

63 232 1 41 .984 .150 .308 

54 120 10 153 .843 .560 .614 

50 79 14 194 .781 .710 .724 

45 50 19 223 .703 .816 .795 

35 33 29 240 .546 .879 .816 

34 28 30 245 .531 .897 .827 

32 27 32 246 .500 .901 .824 

23 19 41 254 .359 .930 .821 

22 14 42 259 .343 .948 .833 

19 13 45 260 .296 .952 .827 

Note: A=Actually failed, predicted failed (true positive); B=Actually passed, predicted failed (false 

positive); C=Actually failed, predicted passed (false negative); D=Actually passed, predicted passed (true 

negative). 
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To demonstrate utilizing an optimized solution, the overall ROC default 

classification accuracy for predicting a TAKS pass/fail rate of 79.5% was chosen from 

the 10 alternatives shown in Table 4.7. The true positive (n=45, or 13%) and false 

positives (n=50, or 15%) would equal a student group (n=95, or 28%) targeted for RtI 

intervention. The sensitivity of the STEEP3M at this optimized solution was 70.3% 

(45/64). The value for specificity was 81.6% (223/273), and considered good. Under this 

solution, 19 students (5%) would be predicted to pass but actually failed (false negative), 

and therefore would not be identified for intervention by the STEEP3M. Table 4.8 

provides a visual for the selected optimal solution.  

 

 
At the overall classification accuracy of 72.4%, the percentage of students 

identified for intervention would be 38% (n=129), with the misidentification of students 

who actually failed being approximately 2.9% (n=10). The sensitivity at this solution 

was 84.3% and the specificity was 71%. If the LEAs in the study had the resources to 

provide intervention to more than one-third of their third grade students, this solution 

would be the better choice, as it would miss fewer at-risk students. With this solution, 

however, about 50 students who were not in danger of failing TAKS would receive 

additional support. In contrast, choosing an overall classification accuracy of 81.6% 

would decrease the percentage of students targeted for intervention to 20% (n=68); 

TABLE 4.8 

Selected Optimized Solution 

               Actual  

  Fail Pass Row Total 

Predicted 
Fail  45   50   95 

Pass  19 223 273 

 Column Total  64 242 337 

Note: Classification accuracy = 79.5%. 
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however, 8.6% (n=29) of the students who actually failed would not have been identified 

for intervention. With this solution, specificity was 87.9% and sensitivity was 54.6%.  

Teacher Perception of the STEEP3M for RtI 

The T-SIQ was administered in interview format to 22 instructional staff who 

work with students in mathematics, including teachers, educational diagnosticians, and 

instructional specialists. The majority of the instructional staff (n=20, or 90%) indicated 

that they would definitely consider using the STEEP3M for RtI multi-tiered decision-

making to identify students for targeted interventions, with the other 2 indicating they 

would possibly use it. In response to how they would use the STEEP3M, their answers 

included: as a screener at the beginning of the year (n=12, or 54%), to identify students 

in need of tutoring and remediation (n=9, or 41%), and to group students in the 

classroom (n=8, or 32%). Although teachers indicated they might use the STEEP3M, 

they stated that it would not be the only criteria for placing students in more intensive 

interventions for third grade mathematics. Teachers reported that they would use it as a 

part of a rubric for decision-making, combined with the previous year’s mathematics 

TAKS scores and classroom grade, as well as other curriculum based measurement 

tools.  

Summary for Research Question Two 

Categorical decision analysis and qualitative analysis of teacher data were 

conducted to answer Research Question Two on the extent to which the STEEP3M can 

be used as a universal screener to make initial decisions on student grouping and 

placement in a multi-tiered intervention process. Logistic regression and ROC analysis 

was conducted in answering this question. By adjusting the cutoff score, several 

alternative solutions were identified. Of these optimized solutions, three were identified 

for further review. Although each had their attractions, none provided a solution that 

came without significant cost to the school such as misidentification of students at-risk 

of failing or creating large groups for multi-tiered intervention. Two of the optimized 

solutions reviewed would have created groupings for RtI of approximately one-third of 

the class: 28% (n=95) and 38% (n=129) respectively. At a classification accuracy of 



79 

79.5%, the true positives (n=45, or 13%) and true negatives (n=50, or 15%) would equal 

a student group of 28% (n=95) targeted for RtI intervention. Under this solution, 5% 

(n=19) of students would be predicted to pass, but actually failed (false negative) and 

therefore would not be identified for intervention by the STEEP3M.  

Teachers’ initial perceptions of the STEEP3M indicated they would consider 

using it as a part of a decision-making rubric rather than totally depending on the results 

of a one-time administration to identify struggling students. Information from categorical 

analysis and qualitative analysis of teacher data both indicate that although the 

STEEP3M might provide useful information to support a multi-tiered decision-making 

process in the third grade school setting, such as for student grouping or placement in 

mathematics interventions, it would be insufficient to identify the majority of the 

students who might be struggling.  

The next question will review the extent to which the STEEP3M can support 

decisions for student lesson planning. Predictive correlations between subscales of the 

STEEP3M and TAKS will be conducted to answer Research Question Three, in order to 

provide a more complete answer to the overall usefulness of the STEEP3M to predict 

performance on the TAKS. 

Research Question Three  

To what extent does the STEEP3M permit teachers to generate detailed 

mathematics lessons and unit planning for whole-class and individual needs?  

Research Question Three focused on the STEEP3M sub-skills and the extent to 

which they match the standards-based mathematics curriculum. To answer this question, 

three specific areas were addressed for quantitative analysis, and one for qualitative 

analysis. First, a content analysis of TEKS and STEEP3M was conducted to determine 

how well the STEEP3M covered the third grade curriculum. Second, classical item 

analysis determined how well the STEEP3M represented TEKS from a measurement 

point of view. Third, in order to address how adequately STEEP3M sub-groups related 

to the TAKS, using TAKS as the defining criterion for good coverage of TEKS, 

correlation analysis was conducted between STEEP3M and the standards-based 
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curriculum (TEKS/TAKS). Fourth, data from the T-SIQ were analyzed to determine the 

face validity of the STEEP3M. Information between STEEP3M sub-groups and TAKS 

will also provide additional information to answer Research Question One. To answer 

Research Question Three, data and information were gathered from six sources: a) 

GRADE (ordinal); b) TEKS (state standards curriculum; c) the one-time administration 

of the STEEP3M (interval); d) TAKS scale score (interval); e) TAKS results by 

objective (interval); and f) T-SIQ. The researcher’s observations on the instrument, 

including information on the alignment of the STEEP3M to the TEKS, are described in 

the following sections. 

Content Analysis 

The examination of the statistical properties of the STEEP3M content-based sub-

tests was conducted to help determine whether teachers could use the results to support 

planning instruction. Analysis of content validation assesses whether the items on a test 

represent the domain or construct (Crocker & Algina, 2008), in this case, the third grade 

state standards-based mathematics curriculum. 

In Texas, the standards-based curriculum, the Texas Essential Knowledge and 

Skills (TEKS), is reported by TEA to be aligned to the National Council of Teachers of 

Mathematics (NCTM) focal points (TEA, 2009c). The developer and senior researcher 

of the STEEP3M, Joe Witt, Ph.D., reported to this researcher that the STEEP3M was 

aligned to the NCTM focal points and therefore would be aligned to the TEKS, as 

measured by the TAKS. 

STEEP3M Content Alignment to Curriculum. The third grade TAKS is a 40-item 

multiple choice test that measures a student’s performance on six objectives of the TEKS 

(TAC, 2006). The first objective (TEKS 3-1) is numbers, operations, and quantitative 

reasoning. According to TEA (2009c) there are 10 questions on the TAKS that align to 

the TEKS 3-1. The second objective (TEKS 3-2) is patterns, relationships, and algebraic 

reasoning, with 6 questions on the TAKS. The third objective (TEKS 3-3) is geometry 

and spatial reasoning, with 6 questions on the TAKS. The fourth objective (TEKS 3-4) is 

concepts and use of measurement, with 6 questions on the TAKS. The fifth objective 
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(TEKS 3-5) is probability and statistics, with 4 questions on the TAKS. The sixth 

objective (TEKS 3-6) is mathematical processes and tools, with 8 questions on the 

TAKS. 

As shown in Table 4.9, the STEEP3M does have items that measure each of the 

six TEKS objectives represented on the TAKS. Of the 41 items on the STEEP3M, the 

majority of questions (23 items, or 56%) align to TEKS 3-1 which focuses on number, 

operations, and quantitative reasoning. For analysis purpose, the items in this sub-group 

were broken down into three groups within the TEKS objective. The first grouping 

aligned to TEKS 3-1 had 6 items (14.6%) that examined how well the student used place 

value to communicate about increasingly large whole numbers. The second grouping of 

9 items (22%) examined how well the student compared fractions and also aligned to 

TEKS 3-1. The third grouping aligned to TEKS 3-1 consisted of 8 items (19.5%) and 

examined how well the student solved and recorded multiplication and division 

problems. Approximately one fourth of the STEEP3M items (10, or 24%) measure 

TEKS 3-2, which examines how well the student understands patterns and relationships. 

Approximately 80% (33/41) of the items on the STEEP3M measure TEKS 3-1 

and 3-2. The remaining items (as shown on Table 4.9) measure TEKS 3-3 (7%), TEKS 

3-4 (5%), TEKS 3-5 (2%), and TEKS 3-6 (5%). This means that some of the STEEP3M 

sub-test groupings have very few items, and therefore may not perform well in terms of 

internal consistency. This information will be very important to teachers as these 

numbers may be too few for diagnostic use, especially since the questions are multiple 

choice or short answer rather than production items. The four groups measuring TEKS 

3-1 and 3-2 have at least 6 items, and therefore may be a reasonable measure of 

mathematics sub-skill weakness. A limitation of the STEEP3M is that it lacks items that 

measure time, temperature, or money. This will be further discussed in Chapter V.  
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Classical Item Analysis 

If sub-item groupings are to be useful in detailing instructional strengths and 

weaknesses, each sub-test score must be composed of items which are similar in content 

and which have reasonably good inter-item correlations. Classical item analysis was 

conducted on eight STEEP3M sub-test item groupings by TEKS objectives: a) TEKS 3-

1 Place Value (items 11-16); b) TEKS 3-1: Fractions (items 20-28); c) TEKS 3-1: 

Quantitative (items 34-41); d) TEKS 3-2: Patterns (items 1-4; 5-10); e) TEKS 3-3: 

Spatial Reasoning (items 17-19); f) TEKS 3-4: Measurement (items 32-33); g) TEKS 3-

5: Statistics (item 29); and h) TEKS 3-6: Processes (items 30-31). The relevant score 

was Cronbach's Alpha.  These results must be interpreted cautiously because Cronbach’s 

Alpha is known to be partially dependent on the number of items in the sub-scale 

TABLE 4.9  

Summary of Number of STEEP3M Test Items to TEKS Objectives 

TEKS Objective STEEP3M Cronbach’s 
Alpha 

3-1 Numbers, Operations, & Quantitative Reasoning:   

Place Value 6 .874 

Fractions 9 .766 

Quantitative Reasoning 8 .740 

3-2 Patterns, Relationships, & Algebraic Reasoning: 

Patterns 

10 .705 

3-3 Geometry & Spatial Reasoning  3 .680 

3-4 Concepts & Use of Measurement  2 .442 

3-5  Probability & Statistics  1     n/a 

3-6 Mathematical Processes & Tools  2 .464 
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(Duhachek, Coughlan, & Tacobucci, 2005). As shown in Table 4.9, the Alphas are from 

good (.874) to moderate to fairly weak (.442). 

Descriptive statistics analyses were conducted on the STEEP3M sub-groupings. 

As shown in Table 4.10, the sub-groupings show very poor discrimination meaning that 

for some of these groupings, performance at the 90th and the 10th percentiles are nearly 

the same, or differ by only a few items. Instructional staff would not find this 

information useful for diagnostics. Since this information might be based on one or two 

items it would not be considered trustworthy. A student might get one item right or 

wrong, but the score would not be a good predictor of whether or not the skill was 

mastered. Peculiarities of the individual item performance, including answers obtained 

by chance, make it difficult to generalize to decision-making for identifying content for 

lesson planning, choosing teaching methods, and/or grouping/placement decisions. 

 

 

 

TABLE 4.10 

Descriptive Statistics on STEEP3M Sub-groupings by TEKS Objective 

  Percentile 

TEKS Mean SD 10th 25th 50th 75th 90th

3-1 Place Value .753 .330 .167 .667 .833 1.000 1.000

3-1 Fractions .646 .228 .222 .667 .667 .778 .800

3-1 Quantitative  .853 .271 .375 .875 1.000 1.000 1.000

3-2 Patterns .829 .187 .580 .700 .900 1.000 1.000

3-3 Spatial Reasoning  .437 .341 .000 .333 .333 .667 1.000

3-4 Measurement .280 .359 .000 .000 .000 .500 1.000

3-5 Statistics  .546 .499 .000 .000 1.000 1.000 1.000

3-6 Processes  .786 .330 .500 .500 1.000 1.000 1.000

Note. N=337 Students; SD=Standard Deviation. 
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Correlation Analysis of Sub-groups 

A total test score does not provide information on which specific skills a student 

may or may not have; therefore, results were reviewed on individual items or sub-groups 

of items. Sub-groups of items tend to have greater reliability than individual items. 

Studying sub-groups cancels out some of the individual item anomalies and allows 

discussion on level of mastery of content sub-areas and sub-domains. 

To continue answering Research Question Three on how well the STEEP3M 

could provide information to support a multi-tiered decision-making process, the 

researcher conducted classical item analysis. Content analysis would not provide 

information on how well the STEEP3M represented TEKS from a measurement point of 

view. Classical item analysis involves the basic measurement concepts of determining 

the test score, the true score, and the error score. Further, classical item analysis utilizes 

item- and sample-dependent statistics such as item difficulty and item discrimination to 

determine correlations and reliability of scores (e.g., Cronbach’s Alpha), as well as test 

difficulty (Schumacker, 2005). Classical item analysis is useful when constructing or 

piloting tests because it can be conducted with smaller samples of test takers and utilizes 

analysis of item difficulty and item discrimination. 

The results of the classical item analysis for TEKS 3-1 on place value indicated 

that the six items on the STEEP3M that reflected TEKS 3-1 differed in mean from .588 

to .828, with an average of .75. Average item-item correlations were .68. The 

Cronbach’s Alpha was .869 and considered good. One item had a correlation of .474 and 

the other five items in this sub-grouping had correlations ranging from .622 to .780.  

The next sub-group analyzed was also aligned with TEKS 3-1, a student’s ability 

to compare fractions. The Cronbach’s Alpha for this sub-group was .76 and considered 

acceptable. The means ranged from .139 to .893, indicating much within-group variance 

of items. Two items within this group had a mean of less than .2 and five had means of 

over .8. Two items within this sub-grouping had correlations of .053 and .091, and six 

others had correlations between .562 and .623.  



85 

The last sub-group of items aligned to TEKS 3-1 measured quantitative 

reasoning. This sub-group showed a fair amount of consistency in the calculations, with 

smaller amounts of variance. The means were between .733 and .917, and Cronbach’s 

Alphas were between .885 and .918. 

The Cronbach’s Alpha for the sub-group of 10 STEEP3M items aligned to TEKS 

3-2, Patterns, is .705 and considered acceptable. The means were between .650 and .970, 

with correlations between .164 and .516. 

Likewise, according to the data as shown, the Cronbach’s Alpha (.680) is 

questionable for the sub-group aligned to TEKS 3-3, Spatial Reasoning. This might be 

attributed to a small number of items (3) in the sub-group. The means ranged from .252 

to .774, with correlations between .245 and .667. 

The results for the classical item analysis for the STEEP3M grouping aligned to 

TEKS 3-4, Measurement, indicates the Cronbach’s Alpha is .442 and in the unacceptable 

range. Again, this might be attributed to the small number of items in the sub-group. 

Since TEKS 3-5 had only one item aligned on the STEEP3M, analysis could not be 

conducted. As with the two previous subgroups, the Cronbach’s Alpha (.464) for the 

subgroup of STEEP3M items aligned to the TEKS 3-6, Processes, is in the unacceptable 

range. 

Correlation between STEEP3M and TAKS. The majority of correlations between 

the STEEP3M and TAKS were weak, ranging between .098 and .531 as shown in Table 

4.11. Correlations that fall between 0 and 1.00 are considered positive or direct. 

Correlations between .10 and .30 are considered small, between .30 and .50 are 

considered medium, and between .50 and 1.00 are considered large (Huck, 2008). 

Correlations over .50, in the large range, would support the diagnostic usefulness of the 

STEEP3M for lesson planning, at least for TAKS preparation in the area of mathematics. 

Correlations in the range of .30 or below are generally not useful and considered weak. 

The correlation between the STEEP3M sub-group on place value and TEKS 3-1 is the 

only one in the acceptable range (.531). A weak correlation can be due to several things. 

First, inadequate sampling could be a cause, which would not be the case here. There 
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were 337 students in the sample from diverse backgrounds. Also, a lack of internal 

consistency in STEEP3M or TAKS, lack of fit in content between the two tests, or very 

different item types or formats between the two tests could cause a weak correlation. 

Research Question One provided information that the STEEP3M has acceptable internal 

consistency. This will be examined more closely in Chapter V. Table 4.11 shows the 

correlations between the STEEP3M and TAKS by TEKS objective sub-group alignment. 

 
As a comparison, according to Pearson (2009), the developers of the KeyMath3, 

a norm-referenced measure of essential mathematical concepts and skills, report a split 

half internal consistency for kindergarten through Grade 5 as: a) basic concepts as .92; b) 

operations as .89; c) applications as .85; and d) total test as .95. Although the KeyMath3 

is an individually administered test, takes longer to administer and score, and does not 

purport to be aligned to the criterion of state standards, it does provide a comparison for 

reliability for measures available for instructional staff use. 

Face Validity 

Face validity refers to how well the test appears to measure a construct from the 

point of view of an experienced end-user (Crocker & Algina, 2008). For the purpose of 

 

TABLE 4.11 

Correlation between STEEP3M and TAKS by TEKS Objective 
TAKS by TEKS Objectives: The student will demonstrate an 

understanding of: 

STEEP 

Correlation 

Number 

STEEP Items 

1 Numbers, Operations, and Quantitative Reasoning: Place Value .531 6 

1 Numbers, Operations, and Quantitative Reasoning: Fractions .297 9 

1 Numbers, Operations, and Quantitative Reasoning: Quantitative .199 8 

2 Patterns, Relationships and Algebraic thinking .453 10 

3 Geometry and Spatial Reasoning .321 3 

4 Concepts and Uses Of Measurement .098 2 

5 Probability and Statistics  .192 1 

6 Processes  .301 2 
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this study, information on the lay perspective was gathered from educators using the T-

SIQ. Data from the T-SIQ were coded and analyzed to determine the face validity by 

asking typical users to examine the STEEP3M and its parts. Analysis of face validity 

helps to determine whether the questions are relevant to the intended target content and 

comprehensively cover it. The T-SIQ interview was structured to collect qualitative data 

on teacher perception of the assessment tool’s utility, methods campuses use to assess 

mathematics skills, how decisions are made on what to teach, and instructional materials. 

Information from instructional staff was also collected on the perceived impression of 

the instrument as well as the data’s usefulness. 

Information from Instructional Staff. Information was gathered through the T-

SIQ on methods and data used to make decisions for lesson planning. Under the No 

Child Left Behind Act of 2001, instructional staff members are the primary assessors of 

student performance toward mastery of the standards-based curriculum. These federal 

mandates carry the expectation that instructional staff have the ability to measure a 

student’s current skill level, determine needs for interventions, select and implement 

interventions, deliver instruction, and administer the standards-based TAKS test. To 

validate the test, input from instructional staff on the utility of the STEEP3M for 

instructional planning and intervention recommendations is needed. 

Teacher Reported Methods for Decision-making. Respondents indicated that 

their LEAs utilize benchmarking, TAKS disaggregated data, weekly assignments, 

mathematics facts tests (a timed test with 100 problems), and verbal questions to assess 

mathematics skills for their RtI process. Three (3/22, or 14%) reported that even though 

their LEA provides benchmarking, classroom teachers assess skills by working with 

students or verbally questioning them. Each teacher indicated that these methods were 

time-consuming, taking hours from classroom instruction during the first weeks of the 

school year. Although all teachers indicated they received disaggregated data from the 

previous year’s TAKS, this provided little predictive information on how the students 

would perform on the current year’s state standards as assessed by the TAKS. Teachers 
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indicated that performance on the previous year’s TAKS was not used to group students 

for RtI interventions. 

Most (15/22, or 68%) of the respondents stated that teams of teachers meet in the 

summer or before school starts to review and agree on a scope and sequence of 

curriculum objectives to teach. Of these 68%, all indicated that they follow this sequence 

and do not have much input on the selection of instructional materials or on changing 

sequencing based on student need. Some (3/22, or 14%) indicated that they meet weekly 

to review student progress and plan lessons based on student needs. Meeting more 

frequently allows instruction to be more responsive to the student. According to the 

teachers interviewed, this scope and sequence was neither based on data from 

assessment of students’ needs nor on the previous year’s TAKS scores. All indicated that 

the plan developed in the summer might not match the needs of the incoming third grade 

students, and that performance data from a screener of student skills at the beginning of 

the year was not used to adjust lesson plans. 

Mathematics Textbook and Commercial Materials. Of the respondents, most 

(17/22, or 77%) said they use Saxon Math as a textbook. A few (4/22, or 18%) indicated 

that they use Math in My World from McGraw Hill. One (5%) respondent indicated that 

she rarely uses the textbook, but does use manipulatives, picture books, student-derived 

problems, or other resources. All (22/22, or 100%) respondents reported that they use 

some type of commercial mathematics materials or programs. In addition to materials 

that accompany textbooks mentioned above, the following materials or programs were 

mentioned: Buckle Down Texas Mathematics (2), Destination Math (3), Lone Star 

Learning (10), Mentoring Minds (1), River Deep (3), Step up to TAKS (1), TAKS Buster 

(2), TAKS Master (2), and Target the Question (9). Respondents indicated they use these 

materials as daily warm-ups, for vocabulary and problem solving, as supplemental 

materials, and for after-school tutorials. Only River Deep was reported to target 

individual student needs and is used as an intervention tool for students who are 

struggling. 
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None of the instructional staff interviewed reported that the textbook or 

commercial materials used had a universal screener to group students based on 

predicting how a student would perform on the GRADE or TAKS. All reported that it 

would be beneficial to have an assessment that provided predictive information for 

planning tiered interventions targeted to improve student performance on the TAKS. 

Initial Perception of STEEP3M. As reported in Research Question Two, when 

asked their initial impression of the STEEP3M, the majority (20/22, or 90%) indicated 

that they would consider using the test to plan instruction and identify student mastery 

and need, and for planning small group instruction and targeted intervention. When 

asked whether data from this CBM would help them plan instruction, most (17/22, or 

77%) responded “yes,” and 4 (19%) said that it “could” or “possibly.” If they responded 

“yes” to this question they were asked how the data could help plan instruction. Three of 

this group of 17 (18%) responded that it would help identify Tier 1 and 2 students for 

targeted interventions or small group instruction. Three (3/17, or 18%) indicated that it 

could be used for a beginning of the year screener for all students. One teacher stated 

that currently they have to wait until TAKS results are received to see how the campus 

and student will measure on the state assessment, and then it is too late to change 

instruction or improve student performance. Five (5/17, or 29%) stated that this data 

would help guide them in concepts needed for whole group or small group instruction. 

This assessment would help them know what each student understands and check for 

whole-class understanding of materials. In turn this would help plan reteaching, review 

lesson planning, and create classroom or grade level groups. Additionally, 5 respondents 

(29%) reported that they have to wait until the end of the school year or the summer to 

receive TAKS results, which does not allow an opportunity to adjust instruction, change 

lesson plans, or target grouping or interventions. 

Summary of Teacher Perceptions of STEEP3M. In summary, instructional staff 

primarily report that they assess student skills individually in the classroom setting by 

verbally questioning and testing. These methods are time-consuming; taking many hours 

from classroom instruction during the first weeks of school Most educators reported that 
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they meet in the summer to plan the scope and sequence of the curriculum for lesson 

planning. Further, they report that these lesson plans are followed throughout the year, 

with changes based solely on students’ needs as identified at the beginning of the school 

year. Most of the instructional staff report that they use commercial textbooks for 

teaching even though they lack universal screeners and do not primarily target individual 

student needs. Even though the majority (77%) of the instructional staff reported that 

they would consider using the STEEP3M to help plan instruction, only a few (18%) 

indicated that it would be helpful to identify students for grouping or targeted 

interventions. 

Summary of Research Question Three 

In answering Research Question Three on the extent to which the STEEP3M 

permitted teachers to generate detailed mathematics lessons and unit planning for whole 

class and individual needs, four types of analysis were conducted on the STEEP3M: 1) 

content analysis; 2) classical item analysis; 3) correlation analysis of sub-groups; and 4) 

face validity. To determine the usefulness of the STEEP3M as a formative assessment to 

guide instruction, qualitative information from the T-SIQ was analyzed and combined 

with quantitative data from the STEEP3M and TAKS. Tests used for formative 

evaluation can guide instructional staff in planning or modifying instruction before 

students take summative or high-stakes tests. Various instructional decisions must be 

made in order to support students individually or in small groups, or in the whole 

classroom setting.  These include targeting instruction; selecting curriculum for how to 

present the state standards-based curriculum; and placing or classifying students in 

whole class, small group, or targeted interventions (Thorndike, 1997, 2005). 

Content analysis of TEKS and STEEP3M was conducted to determine how well 

the STEEP3M covered the third grade curriculum. To some extent, the 41 items in the 

STEEP3M were aligned to the 6 TEKS objectives on the TAKS. The majority (56%) of 

the STEEP3M items were aligned to TEKS 3-1, which focuses on numbers, operations, 

and quantitative reasoning. Further, most (80%) of the items on the STEEP3M were 

aligned to TEKS 3-1 and TEKS 3-2 (fractions). Some of the STEEP3M sub-test item 
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groupings have very few items and therefore may not be internally consistent. The 

numbers may be too few for diagnostic usefulness. Some of the questions are multiple 

choice or short answer rather than production items, further confounding the diagnostic 

usefulness. Additionally, the STEEP3M does not measure some specific skills in the 

TEKS such as time, temperature, and money. 

Classical item analysis was done to determine how well the STEEP3M 

represented TEKS from a measurement point of view. The Cronbach’s Alphas ranged 

from good (.874) to moderate to fairly weak (.442). Descriptive statistics analyses were 

conducted on the STEEP3M sub-groupings indicating very poor discrimination meaning 

that for some of these groupings, performance at the 90th and the 10th percentiles are 

nearly the same, or differ by only a few items. Instructional staff would not find this 

information diagnostically useful.  

Correlation analysis was conducted to determine whether the STEEP3M sub-

groups related to the TAKS, using TAKS as the defining criterion for good coverage of 

TEKS. Overall, there was a weak correlation between the STEEP3M and the TAKS. 

Although weak correlations can be attributed to several things, including small sampling 

and lack of student diversity, neither was the case in this study. Lack of internal 

consistency in the STEEP3M and TAKS might be due to lack of fit in content between 

the two tests.  

Face validity was measured by instructional staff responses to the T-SIQ to 

determine the layperson’s perspective on the test’s ability to measure a meaningful 

construct, in this study the third grade mathematics curriculum. Most of the instructional 

staff (77%) reported that they would consider using the information from the STEEP3M 

to plan instruction. In contrast, only a few (18%) reported that the STEEP3M results 

would be used to identify students for grouping or targeting interventions. 

Research Question Four 

How efficiently can the one-time, group administered STEEP3M be administered 

to third grade students (as indicated by time to administer, score, report results, and 

provide feedback to teachers)?  



92 

The developers of the STEEP3M highlight the fact that it is a universal screener 

that can be efficiently administered and scored. For any assessment, the target is to 

acquire the greatest number of meaningful responses in the shortest amount of time. 

Gathering data takes time and comes at some expense, so it is important to use the most 

efficient and cost-effective method (Payne, 2003). Therefore, in addition to determining 

validity and reliability, it is important to consider the efficiency and cost effectiveness of 

administering a universal screener. Second, the relationship of the time a student uses to 

take the test and the score received is an indicator of their proficiency level, and can 

provide information for where to set cut-off scores to differentiate groups (Crocker & 

Algina, 2008). To answer this question, data were collected on time of administration, 

student completion, student performance, and scoring of the STEEP3M. Since this was a 

pilot study on the instrument, feedback information on actual results were not reported to 

the participating instructional staff or campuses. Research Question Four focused on the 

efficiency of the administration, scoring, and analysis of student performance in relation 

to STEEP3M completion time. 

Administration of the STEEP3M 

The STEEP3M was administered in a whole group setting during a one-time per 

campus administration with students working independently. The STEEP3M was 

administered to 18 classes on 3 separate campuses. The total time for delivering 

instructions, administering the tests, and collecting answer sheets was approximately 30 

minutes per class. From the researcher’s observations, all students were engaged during 

the administration time with minimal interruption for questioning attempts. 

Time Limits of Administration. The time allotted for the assessment was 20 

minutes to answer 41 questions. Students were allowed to turn in tests upon finishing. At 

the end of 20 minutes, all tests were collected. Fewer than 2% of the students in the 

study (6/337, or 1.8%) were still working on the STEEP3M when the tests were 

collected. Of the 337 students, 2 (.05%) finished in 3 minutes, 1 (.02%) finished in 4 

minutes, and 4 (1.18%) finished in 5 minutes. Seventy-one (21%) students finished in 10 

minutes or less. The average time to take the assessment was 13.69 minutes. The mode, 
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or most frequent amount of time, was 15 minutes. The range for time taken to complete 

the STEEP3M was 3 to 21 minutes. Eleven (3.3%) students did not complete all of the 

assessment items by the end of 20 minutes. Figure 4.6 provides a visual representation of 

the time for 337 students to finish the STEEP3M, which was close to a normal 

distribution. 

 

FIGURE 4.6 
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Although dissemination of the information from scoring from this pilot study was 

not conducted, the researcher estimated that it would take approximately 10 minutes per 

student. In total, the per student time to administer, score, and disseminate information 

would be about 30 minutes.  

In comparison, according to Pearson (2009) the KeyMath3, an individually 

administered mathematics achievement test, takes 30 to 90 minutes per student. To 
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individually administer the KeyMath3 to 337 students would take approximately 21 days 

of 8 hours each, based on the minimum administration time of 30 minutes. Other 

individual achievement tests such as those developed by Woodcock-Johnson and 

Wechsler also are individually administered and would take similar administration times. 

In addition, since these are individually administered tests, parental consent for 

evaluation would be required (IDEA, 2004).  

Information from Instructional Staff 

All (22/22, or 100%) of the respondents indicated that the TAKS administration 

generally takes 2 to 5 hours to administer. One reported that a student completed the 

TAKS in 40 minutes. Time for taking the TAKS is not limited, and 5 (5/22, or 23%) 

reported that the administration took all day, approximately 8 hours, with only a break 

for lunch. One stated, “If we had more than one day, it would take more than one day.” 

Use of Released TAKS. Slightly more than half (12/22, or 54%) of the 

respondents reported that they use released TAKS third grade mathematics tests. Five 

(5/22, or 23%) indicated that the released TAKS is used as benchmark testing to 

determine the student’s mastery of third grade TEKS mathematics objectives. In 

addition, the student’s performance on the released TAKS is reviewed to assess mastery 

of skill objectives based on missed items. Additionally, 5 (5/22, or 23%) reported using 

it as a mock test to practice administration procedures for the “real” TAKS and to give 

students the opportunity to see what test day will be like. According to respondents, 

administration of the released TAKS to the whole group takes 1.5 to 4 hours. Two (2/22, 

or 9%) use portions of the released TAKS for small group activities or as daily warm-up 

activities. Less than half (9/22, or 40%) of the instructional staff indicated that they liked 

the fact that the STEEP3M was brief and could be administered in 20 minutes or less. 

Relationship of STEEP3M Score and Time to Complete 

The relationship between the time to take the STEEP3M and the score on the 

STEEP3M was negative, with R = .157. This indicates that the longer a student took, the 

fewer questions they answered correctly. Students who know less find the test more 

difficult, spend more time thinking and pondering, make false starts, and work through 
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the tests more slowly. In addition, as reviewed in Chapter II, low readers tend to also be 

low in mathematics skills. Low readers also are slow readers and tend to take longer on 

mathematics tests. 

Scoring. The researcher served as the administrator and scorer for all 337 

STEEP3M tests for the study. The researcher determined accuracy for intra-rater 

reliability with three separate scoring reviews. Scoring all 41 items on each test took 

approximately 2 to 3 minutes. Initial scoring of all tests took approximately 16.85 hours. 

In all, initial scoring and review took approximately 50.55 hours, or just over 6 eight-

hour days. Scores for each item as well as for the entire STEEP3M test were hand-

entered into an Excel spreadsheet and then transferred to a statistical program for 

analysis. Data entry took approximately the same amount of time as scoring. 

Summary of Research Question Four 

Research Question Four focused on the efficiency of the STEEP3M as measured 

by two factors: 1) time to administer and score the test, and 2) relationship of a student’s 

time to take the STEEP3M and their score. Even if a test is reliable, internally consistent, 

and has validity, it will not be used in the classroom setting unless it can be efficiently 

administered and scored. Several other measures (e.g., released TAKS, KeyMath3) can 

provide specific diagnostic information on individual students; however, they take a 

minimum of 30 minutes to administer. This is a significant amount of classroom time 

that must be taken from teaching to dedicate to assessment. 

The average amount of time to take the STEEP3M was less than 14 minutes. The 

total time for administration for an entire class was 30 minutes or less. Each test took 

approximately 3 minutes to score. Although dissemination of the information from 

scoring from this pilot study was not conducted, the researcher estimates that it would 

take less than 10 minutes per student. In total, the per student time to administer, score, 

and disseminate information would be about 30 minutes. This compares to 2 to 4 hours 

solely to administer a released TAKS, and 30 to 90 minutes for the KeyMath3. 

Overall, the relationship between the time to take the STEEP3M and the score on 

the test was negative, indicating that as a student took more time, their score decreased. 
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Students who are more proficient in mathematics would evidence greater fluency in 

answering questions and spend less time thinking or making false starts, and therefore 

work more quickly. Additionally, as reported in Chapter II, a student’s reading level will 

impact performance on mathematics tests; it takes a poor reader longer to complete a 

mathematics test. Since the average time to take the STEEP3M was 13.69 minutes, an 

administration time of 15 minutes or less would increase efficiency. 

Summary of Results 

Analysis of three quantitative data sources (STEEP3M, GRADE, and TAKS) and 

one qualitative data source (T-SIQ) were conducted to examine the usefulness of the 

STEEP3M as an assessment tool. Three elementary schools, 337 students, and 22 

educators participated in the study. Overall, the STEEP3M was quite an easy test, with 

an average item difficulty IQR of .67 to .86. The Cronbach’s Alpha for the STEEP3M 

was .88, indicating that the questions comprising the test are internally consistent. 

Criterion-related validity analysis of the STEEP3M showed that it is a reasonably good 

predictor within the lowest third of the class by GRADE.  

Logistic regression and ROC analysis provided options for optimized solutions 

that could be used for grouping students for instruction and planning. Teachers indicated 

they would consider using the STEEP3M as a part of a decision-making rubric to 

identify struggling students; however, they would not use it as the sole criteria. The time 

involved to administer, score, and interpret the test makes the test more efficient to use 

than other measures. The relationship between a student’s time to take the test and their 

score was negative, indicating that the longer the student spent taking the test, the more 

the score decreased. Descriptive statistic analyses were conducted on the STEEP3M sub-

groupings, indicating poor disciminability. Instructional staff would not find this 

information useful for diagnostic decisions or lesson planning. 

Correlation between the STEEP3M and the TEKS 3-1 was the only correlation in 

the acceptable range. The majority of the correlations between the STEEP3M item sub-

groupings and TEKS objectives were weak, and will be further examined in Chapter V. 
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CHAPTER V 

DISCUSSION AND SUMMARY 

 

Purpose of the Study 

The purpose this study was to examine the quality and utility of a universal 

screener assessment tool, the System to Enhance Educational Performance Grade 3 

Focal Mathematics Assessment Instrument (STEEP3M). The STEEP3M is a brief 

standards-based formative assessment of third grade mathematics. This study included 

three elementary schools for the one-time administration of the STEEP3M assessment to 

337 third graders. It was given at or about the same time that they took the Grade 3 

Texas state standards-based mathematics assessment, the Texas Assessment of 

Knowledge and Skills (TAKS), in the Spring 2007. The campus-based administration of 

the STEEP3M was followed by interviews with 22 instructional staff involved in third 

grade mathematics curriculum. The purpose of this study was to examine the following 

four qualities of the STEEP3M: 

1. Internal consistency and criterion-related concurrent validity of the 

STEEP3M; 

2. Screening students for a multi-tiered decision-making process such as for 

grouping or placement; 

3. Utility for instructional planning and intervention recommendations; and 

4. Efficiency of administration, scoring, and reporting results. 

Although increasing student performance on mathematics state standards is a 

national priority and one of the major goals of the American educational system (Clarke 

& Shinn, 2004; Jordan, Kaplan, Locuniak, & Ramineni, 2007; National Educational 

Goals Panel, 2002), in 2003 fewer than 33% of fourth graders demonstrated proficient 

skills on the NAEP mathematics test (Manzo & Galley, 2003; VanDerHeyden & Burns, 

2008). As reviewed in Chapters I and II, determining a formative CBM which is 

predictive of performance on high-stakes standards-based assessment is important to 

target students and identify content not mastered (Fletcher, 2005; VanDerHeyden & 
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Witt, 2005). The Texas Education Agency (TEA) has taken the position that the TAKS 

serves as a universal screener (TEA, 2009c) to identify students at-risk of failing 

standards-based assessment. In Texas, however, the mathematics TAKS test is not given 

until third grade. Therefore another screening instrument is needed to identify third 

graders at-risk of failure. According to its developers, an instrument for doing that is the 

STEEP3M, a brief mathematics curriculum based measurement (CBM) tool for 

predicting performance on the TAKS.  

This study focused on universal screening of mathematics skills in the whole-

group setting using the STEEP3M, an instrument reported to be aligned with curriculum 

that is national (National Council of Teachers of Mathematics [NCTM]) or state 

standards based (Texas Essentials Knowledge and Skills [TEKS]). This chapter is 

organized to provide summary information and discussion on method, research results 

by question, research limitations, and implications. 

Conduct of the Study 

This unfunded study was conducted between April and September 2007, on 

students enrolled in Grade 3 in Fall 2006. A convenience sample of three elementary 

campuses with third grade classrooms in three separate Local Education Agencies 

(LEAs) provided 337 students and 22 instructional staff for this study. Selection and 

profiles of the LEAs and participants are provided in Chapter III of this dissertation. 

Under the No Child Left Behind Act (2001), most students (97% to 99%) in the public 

school setting in the U.S. are required to take the regular enrolled grade level (EGL) 

standards-based assessment. In Texas this is the TAKS. Therefore, only students who 

were eligible to take the regular EGL TAKS were selected for the sample. Information 

on LEAs and participants was collected from the Texas Education Agency (TEA) 

Academic Excellence Indicator System (AEIS) and Lonestar public access data systems.  

Using a standard set of instructions, the STEEP3M was administered one time to 

each of 18 classrooms with a total of 355 third graders, at three LEAs on three different 

days, one campus per day. The developers of the STEEP3M recommend a maximum of 

15 minutes for the student to complete the assessment, but the time was extended to 20 
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minutes to allow for additional data collection for this correlational study. The researcher 

completed the administration, scoring, and data input.  

Two indicators of student performance were selected as indicators of mastery of 

third grade mathematics curriculum: end-of-year third grade mathematics course grades 

(GRADE), and the scale score on the third grade mathematics TAKS. Information was 

gathered from instructional staff using a semi-structured interview instrument consisting 

of a predetermined set of open-ended questions, the Teacher Survey Interview 

Questionnaire (T-SIQ) developed by the researcher. The T-SIQ was administered to 22 

instructional staff on a one-to-one basis rather than as a self-administered questionnaire 

in order to gather information on CBM screeners currently used, methodology for 

determining lesson planning, initial perception of the STEEP3M, and use of released 

TAKS tests. In all, five sources of data were needed to answer the four research 

questions for this study: a) AEIS, b) GRADE, c) STEEP3M, d) TAKS, and e) T-SIQ.  

During the study, several unexpected events occurred which caused the 

researcher to deviate from the original plan. First, students in the final sample were 

required to have available data from all three sources, the one-time administration of the 

STEEP3M, GRADE, and TAKS. Eighteen students who took the STEEP3M were 

eliminated from the study because their data from all three sources were not available. 

This reduced the final sample size to 337 students. Second, specific data on qualification 

for special education and related services, Section 504, English as a second language, or 

other educational special programs were not made available to the researcher at the time 

of the study. When the researcher attempted to follow up with the three campuses to 

gather this additional information, two of the three campus administrators were no 

longer assigned to the campus. Therefore, no comparison could be made to determine 

whether the STEEP3M would provide information to identify these particular students as 

at-risk and therefore in need of interventions in mathematics.  

The original plan for the sample was to identify three LEAs that were all 

traditional independent school districts. In fact, the sample consisted of two elementary 

schools from independent school districts and one charter school. Since in Texas charter 
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schools are public schools, several were considered for the study if they met the criteria 

for selection as outlined in Chapter III. 

The STEEP3M was provided to the researcher in black and white format 

consisting of 3 pages and 41 problems. No specific information was provided to the 

researcher on curriculum alignment even though the developers purported the instrument 

to be aligned to the NCTM focal points. Although separate from the NCTM standards, 

according to TEA (2009c), the TEKS are also aligned to the NCTM. Upon review of the 

STEEP3M, the researcher noted several things that could impact student performance. 

First, on most items, no specific directions for how to answer the question were 

provided, either on the stimulus directions read aloud by the researcher or written on the 

test itself. Second, no examples were given for any item. Third, although reading to the 

student is an allowable accommodation on the TAKS (TEA, 2007, 2009), it was not an 

allowable accommodation on the STEEP3M. As noted in Chapter III, a student’s reading 

ability and comprehension may impact their performance on a mathematics test without 

this accommodation. Further, the vocabulary on the test would require students to have 

an understanding of specific terms such as “estimate,” “standard form,” and “pattern.” 

Without this accommodation, a student’s reading comprehension level rather than 

mathematics knowledge may be what is being measured. Additionally, items on the test 

were shaded and did not appear clearly in several instances. Rather than black and white, 

the test should be printed in colors with high contrast such as blue and yellow, in order 

for the student to see the differentiation of figures. Last, a problem with the instrument 

itself was that minimal area was provided on the STEEP3M for students to do “scratch” 

written work.  

These events notwithstanding, the STEEP3M is one of only a few main providers 

of commercial CBM formative assessments in the area of mathematics. Therefore, the 

researcher decided to continue the study, primarily because information from the 

literature reviewed in Chapter II indicated there is a lack of research on mathematics 

universal screeners aligned to state standards-based curriculum that are predictive of 

performance on the high-stakes end-of-year test. 
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Research Results 

Descriptive statistics were conducted on the STEEP3M, GRADE, and TAKS. All 

students scored at least 4 items correctly, with no students answering all 41 items 

correctly. The STEEP3M had a negatively skewed distribution, indicating that the test 

was too easy, with many high scores and few low scores (Huck, 2004; Sax, 1989). Only 

six students received a GRADE in the failing range, which impacted the negative 

skewing of the distribution. The teacher assigned GRADE is an aggregate of individual 

assessments that usually includes many subjective measures (Allen, 2005; Marzano, 

2000). Although used as a measure of a subject’s mastery and the basis for determining 

whether a student will progress to the next grade level, the GRADE has unknown, 

probably low, validity, which may make it hard to measure strong relationship with 

another variable. Nevertheless, it is a standard in education for measuring a student’s 

mastery of grade level curriculum. The TAKS scale score distribution for the study was 

almost a perfect bell shape and considered normal. Performance by students in the study 

was similar to performance by students as a whole in the state on the third grade 

mathematics TAKS.  

Research Question One 

How well does the mathematics curriculum based measurement (CBM) 

assessment tool, the STEEP3M, reflect end-of-year student performance on state 

standards-based curriculum as measured by the end-of-year high-stakes TAKS test? 

(Internal consistency and criterion-related concurrent validity.) 

Research Question One dealt with instrument qualities, primarily focusing on 

two psychometric features of the STEEP3M as measured by internal consistency and 

criterion-related concurrent validity. Four data sources were needed to answer this 

question: a) AEIS; b) GRADE (ordinal); c) STEEP3M (interval); and d) TAKS scale 

score (interval). Logistic regression using the STEEP3M scores was conducted to predict 

two dichotomous variables: GRADE (pass/fail) and TAKS (pass/fail). Classical item 

analysis was used to determine item difficulty, item discrimination, and the Cronbach’s 

Alpha. Overall the STEEP3M was quite an easy test. The STEEP3M had acceptable 
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discrimination even though the items were not evenly distributed with mostly easy items 

and a few difficult ones. The questions comprising the STEEP3M were internally 

consistent with approximately 10% of the items needing revision. 

The student sample was subdivided into three groups for analysis for criterion 

related concurrent validity. The STEEP3M predicted both the GRADE and TAKS 

moderately well. A follow-up multiple regression was conducted predicting STEEP3M 

from a combination of GRADE and TAKS, which resulted in a slightly better result than 

either of the independent relationships. This means that although they are separate 

independent measures and share considerable variance, they tend to measure the same 

thing. The student’s mathematics ability and study habits probably are the common 

ingredient. Based on these analyses and the negative skewing of the distribution 

educators would only be able to use the results of the STEEP3M as a predictor of failing 

performance on the end-of-year TAKS test for the lowest third of the class. Results 

would not be useful for prediction for the middle or upper third of the class. As currently 

written the STEEP3M does not adequately reflect end-of-year performance for two-

thirds of the students in the study. 

Research Question Two 

To what extent does the STEEP3M provide information to support a multi-tiered 

decision-making process in the third grade school setting, such as for grouping and 

placement of students?  

Research Question Two focused on the utility of the STEEP3M for a multi-tiered 

decision-making process such as for grouping and placement of students. The STEEP3M 

was compared to the strongest two existing “true criteria” for students requiring more 

intensive help: GRADE and TAKS. Four data sources were needed to answer this 

question: a) GRADE (ordinal); b) STEEP3M (interval); c) TAKS scale score (interval); 

and d) TAKS results by objective (interval). The question was answered by logistic 

regression, using the STEEP3M scores to predict two dichotomous variables: GRADE 

(pass/fail) and TAKS (pass/fail).  
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The standard method for judging accuracy in predicting pass/fail is by the 

Receiver Operator Curve (ROC). Central to using the ROC is a cut-off level to separate 

students into two groups. The two groups in this study were students in danger of failing 

the TAKS and those who were not (Allen & Yen, 2002; Crocker & Algina, 1986, 2002). 

Failing either the TAKS or GRADE has potential serious consequences for students, 

including retention, placement in special programs, or targeted intervention. The ROC is 

the plot of the true positive rate (sensitivity) against the false positive rate (specificity) of 

the different cut-off points for a diagnostic test. Sensitivity is how well the test can pick 

out students who will actually fail, versus specificity, which is how well the test picks 

out students who in fact won’t fail. A test can provide useful information to support a 

multi-tiered decision-making process in the third grade school setting, such as for 

grouping and placement of students, if an optimized solution can be used to select an 

appropriate cut-off point where classification accuracy, sensitivity, and specificity are 

maximized. As reported by Fuchs et al. (2007), most studies on mathematics screeners 

have not reported this type of decision utility on sensitivity or specificity. This study 

does report the classification accuracy, sensitivity, and specificity. 

Several optimized solutions were generated from statistical analysis as described 

in Chapter IV. From these, two made sense, but neither demonstrated that the STEEP3M 

maximized classification accuracy, sensitivity, or specificity. Even after considering the 

limited screening capability of the STEEP3M, if one of the two reasonable solutions 

were chosen, an excessive number of students would be identified for intervention. 

Fuchs et al. (2007) recommend using the sum of true and false positives as the sample 

for identifying students for interventions. The first reasonable solution would have 

identified 95 students for intervention when in reality only 64 students actually failed the 

TAKS in the sample. This represents an over-identification of nearly 50% for tiered 

interventions.  

The second reasonable solution would yield an even higher number (129 

students) for intervention. At this solution, twice as many students would be placed in 

interventions as necessary, which translates to costly staffing allocations, more 
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instructional time allocated, and the additional expense of remediation materials. 

Although the goal of a screener is to cast a wide net which possibly might include some 

students not in need of intervention, educators want to minimize this type of error. Not 

only would these students receive costly and time-consuming unnecessary interventions, 

they would be held back from making progress commensurate with their peers, 

potentially creating a problem where there was none. None of the solutions indicated 

that the STEEP3M did a good job of accurately classifying students with sufficient 

sensitivity or specificity for a multi-tiered decision-making process in the third grade 

school setting, such as grouping or placement of students, without making one of the two 

types of errors. 

Analysis of instructional staff perception based on the T-SIQ interviews 

indicated that the majority of the teachers would consider using the STEEP3M as a 

beginning-year screener. None indicated that they would use it as the sole criteria for 

placing students in more intensive interventions. Instead they said that they might 

consider using it as a part of a rubric for decision-making, combined with the previous 

year’s mathematics course grades and assessment scores. Therefore, even if the 

STEEP3M had acceptable classification accuracy, it is unlikely that educators would at 

this point accept the results as sufficient information to support a multi-tiered decision-

making process. 

Research Question Three  

To what extent does the STEEP3M permit teachers to generate detailed 

mathematics lessons and unit planning for whole class and individual needs?  

Research Question Three focused on the STEEP3M sub-skills and the extent to 

which they matched the standards-based mathematics curriculum to provide information 

to instructional staff for planning instruction and targeting interventions. Six sources of 

data and information were used to answer this question: a) GRADE (ordinal); b) TEKS 

(state standards curriculum); c) STEEP3M (interval); d) TAKS scale score (interval); e) 

TAKS results by objective (interval); and f) T-SIQ. Analyses to answer this question 
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were conducted on quantitative data (descriptive, regression, and correlation) and 

qualitative data.  

Although the STEEP3M did have items that measured each of the six TEKS 

objectives represented on the TAKS, most (80%) of the items on the STEEP3M were 

aligned to two objectives measuring either use of numbers, operations, and quantitative 

reasoning or patterns and relationships. Based on correlational analysis, these items were 

not a reasonable measure of mathematics sub-skill weakness for these two objectives. 

Since the other four TEKS objectives represented on the STEEP3M had few items on 

the test, little diagnostic information was provided that would help teachers plan lessons. 

In addition, none of the questions on the STEEP3M measured the key TEKS objectives 

on time, temperature, or money. Even though the developers of the STEEP3M reported 

alignment to national and state standards, statistical analysis did not support this claim. 

In comparison, other measures such as the KeyMath3, even though longer to administer, 

would provide better information for instructional planning such as detailed information 

on mathematical concepts and skills. Overall, instructional staff would not find 

information from the administration of the STEEP3M in its’ current form useful for 

diagnostics.  

The majority of the correlations between the STEEP3M and TAKS were weak. 

The lack of correlation was probably due to a lack of internal consistency in STEEP3M 

or TAKS, lack of fit in content between the two tests, or the very different formats of the 

tests. The TAKS contains sufficient items for all six objective areas, whereas the 

STEEP3M does not. Likewise, the format of the tests differs in length and type of 

question. The TAKS is primarily comprised of multiple-choice questions. In all, 

information from the results of the STEEP3M would not be useful to teachers to 

generate detailed mathematics lessons and unit planning for whole class and individual 

needs.  

During interviews, the majority of the instructional staff indicated that they 

would consider using information from the STEEP3M to plan instruction. In reality, 

however, this appears unlikely since most also responded that teams of teachers meet in 
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the summer or before school starts to review and agree on the scope and sequence of 

curriculum objectives to teach. Instructional staff who reported this process for 

developing lesson plans also reported that they follow this sequence and do not have 

much input in selecting instructional materials or in changing sequencing based on 

student need. According to teachers interviewed, this scope and sequence was based 

neither on data from assessment of student needs nor on the previous year’s assessment 

scores. Instead it was based on alignment to covering the TEKS. 

None of the instructional staff interviewed reported that there is a current 

universal screener for mathematics used from textbook, commercial, or other 

instructional materials. Instructional staff primarily reported that they assess the 

student’s mathematics skills by verbally questioning or individually testing the student 

using classroom materials. These methods are time-consuming, taking away from 

classroom instruction during the crucial first weeks of the school year. All instructional 

staff reported that an assessment that provides predictive information would be 

beneficial for planning tiered interventions or grouping for improving student 

performance on the TAKS. In summary, however, even though there was agreement on 

the need and usefulness of a universal screener, even if the STEEP3M had provided 

useful information, it is unlikely to impact changes under the current system at these 

three elementary schools.  

Research Question Four 

How efficiently can the one-time, group-administered STEEP3M be 

administered to third grade students (as indicated by time to administer, score, report 

results, and provide feedback to teachers)?  

Research Question Four examined efficiency of the STEEP3M as measured by a) 

the time and cost effectiveness of administering the universal screener; and b) the 

relationship of the student’s test time to their score as a measure of efficiently 

determining student proficiency level. Three sources of data were needed to answer 

Research Question Four: a) STEEP3M (interval); b) TAKS (interval); and c) T-SIQ. 
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Five statistical measures were used to answer this question: a) descriptive statistics; b) 

anecdotal information; c) observations; d) time recording; and e) logistic regression.  

The average amount of time to take the STEEP3M in the large group setting was 

less than 14 minutes. Scoring and reviewing data was also not very time consuming. In 

comparison to individually administered tests, the administration of the STEEP3M 

would be far less involved or time consuming than a released TAKS or standardized 

academic achievement instrument such as the KeyMath3. Overall, the STEEP3M can be 

efficiently administered and scored, making it less time consuming and therefore more 

cost effective than other measures. The positive findings for this question are offset by 

the assessment’s lack of correlation to TEKS and classification accuracy. Even though 

the STEEP3M can be quickly administered, little useful information is gathered. 

Research Summary  

Mathematics proficiency is a national education goal and has received recent 

attention, which has led to the establishment of a National Mathematics Advisory Panel. 

Concern for improving student performance in mathematics has produced an increasing 

focus with little significant change in outcomes (Kelley, Hosp, & Howell, 2008). 

Effective evaluation is necessary to ensure that mathematics instruction and intervention 

are aligned to student needs. Additionally, instructional staff must have knowledge of 

their standards based curriculum and their school’s instructional methodology in order to 

evaluate student proficiency. CBM is a quick, efficient, and cost-effective method for 

assessing students’ academic skills. Determining whether the CBM is aligned with the 

curriculum and has reliability and validity is integral to identifying good measures for 

use in the educational setting. Limited studies on CBM aligned with state standards have 

been conducted, and even fewer have been done on the predictive ability for high-stakes 

standards-based assessment. Those studies that have been conducted have not 

systematically provided information on classification accuracy, sensitivity, and 

specificity. Therefore, the overall purpose of this study was to examine how well the 

STEEP3M reflected end-of-year student performance on state standards-based 
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curriculum and provided needed information on a content domain, and how practical it 

was to administer (Foegen, Jiban, & Deno, 2007). 

An important contribution of this study to the broader research on mathematics 

CBM assessment instruments is the sample size, coverage of a content domain, and 

student grade level. Recent meta-analyses on studies on CBMs for mathematics found 

that most, like this study, focused on elementary mathematics assessments; however, 

only one of 41 studies was conducted on a sample that had more students than the 337 in 

this study (Foegen, Jiban, & Deno, 2007; Fuchs et al., 2007). Two groups of funded 

researchers, one headed by Clarke and one headed by VanDerHeyden, account for most 

of the published studies in early mathematics (Foegen, Jiban, & Deno, 2007). The 

studies by the Clarke group have focused on limited mathematics skills such as quantity 

discrimination or identifying the missing number. The studies by the VanDerHeyden 

group primarily have been conducted with prekindergarten and kindergarten students. 

Additionally, this study reported classification accuracy, sensitivity, and specificity. 

In 1989, Shinn recommended that the typical administration procedures require 

administering three 1- to 3-minute CBM probes, and the mean be used to derive student 

performance. Recent guidelines have deviated from this recommendation, concluding 

that single- and multiple-skill CBM can be used (Christ, Scullin, Tolbize, & Jiban, 

2008). Probes of 1 to 3 minutes might be sufficient to measure single skills; however, 

longer assessments are needed to assess multiple skills, as is the case with mathematics. 

As the length and duration of the assessment increases, so does its dependability and 

generalizabilty (Christ, Scullin, Tolbize, & Jiban, 2008). Probes of 1 to 4 minutes may 

be sufficient for low-stakes decisions, but assessments of approximately 14 minutes or 

longer are needed for high-stakes or criterion-referenced decisions (Christ, Scullin, 

Tolbize, & Jiban, 2008). Minimal research has been conducted on longer assessments 

such as the STEEP3M in the context of high-stakes, RtI, or criterion-referenced 

decisions. This study provides information to increase the body of research on longer 

formative assessments. 
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Although computational skills are essential components of mathematics, they are 

insufficient for success in the elementary classroom or on the high-stakes state 

standards-based test (Fuchs, Fuchs, & Zumeta, 2008). Most CBM measures developed 

for mathematics have focused on computational skills. Even though heavily weighted on 

two TEKS objectives, all six objectives as measured on TAKS, though some minimally, 

were represented on the STEEP3M. Developers of the STEEP3M have attempted to 

sample a content domain for third grade mathematics. Information from this study on the 

STEEP3M formative assessment, which was developed using the curriculum-sampling 

approach, provides needed information for educators and for the test developers on how 

to improve the instrument. No additional research on the STEEP3M in its current form 

would be necessary. Additional research might be necessary once the developers make 

recommended changes to the instrument. 

Although various fluency measures have been identified in the area of reading, 

fewer studies have been conducted in the area of mathematics. The degree to which a 

student can respond rapidly and correctly to a particular set of mathematics problems 

reflects how well that student has mastered a set of skills for a content area. This 

information simultaneously informs instruction (VanDerHeyden & Burns, 2008). 

Criteria for reading fluency have been developed; however, fewer have been suggested 

for the area of mathematics. Information provided to answer the research questions on 

this study may prove useful towards developing mathematics fluency criteria. 

VanDerHeyden and Burns (2008) utilized information from the ROC to find fluency 

scores to match a specificity level for proficiency criteria. Future studies might be 

extended to include this review of the ROC if the developers were to utilize information 

from this study to make needed changes to the STEEP3M. 

Research Limitations 

Several limitations were noted during the conduct of the study noted as follows. 

Design Limitations 

Given the sample composition, size, and focus of the study, the results cannot be 

used to infer conclusions beyond the study’s scope. The study was geographically 
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restricted using a convenience sample from three elementary schools in the southeast 

Texas area. Although the sample was diverse, the individual campuses were not 

necessarily so. The results, however, may expand on the body of research on what to 

research to examine the accuracy of a brief CBM as an indicator of performance on 

standards-based assessment, provide information regarding the validity for planning 

instruction, and evaluate the ability of such a CBM to aid in screening students for a 

multi-tiered decision-making process. Although future studies on the current form of the 

STEEP3M are not recommended, any future studies on instruments subsequently 

developed might include more geographic regions in Texas. 

Timeline of Study 

The study was conducted using concurrent validity, the STEEP3M was 

administered close to the time of the Spring 2007 third grade mathematics TAKS. Since 

the students had already received third grade classroom instruction for most of the 

school year, this may have impacted the results of their performance on the STEEP3M. 

As a formative assessment, the STEEP3M would have been administered to incoming 

third graders in Fall 2006. Again, although no future studies on this instrument are 

needed, future studies might be designed to administer the formative assessment would 

be administered in the fall, and then compare it to the actual performance on the TAKS 

administered the following spring. Designing a future study in this way would provide 

actual results rather than predicted ones.  

Statewide Assessment Limitations 

A potential limitation of the study would be if the Texas Education Agency or 

Texas policymakers made changes in the state standards (TEKS) or decided to utilize 

another assessment tool or method, such as end-of-course examination. The life 

expectancy for high-stakes standards-based assessment has been about 8 to 10 years 

(TEA, 2009). Changes such as use of end-of-course examination might be on the horizon 

for elementary schools. Future studies would need to review the TEKS to determine 

whether there were any changes. Since the STEEP3M reports to be aligned to the NCTM 
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and therefore to the TEKS, changes in the standards-based assessment would change to 

the extent to which different national or state standards-based objectives were measured.  

Time Limit on Administration 

According to TEA, most students complete the TAKS in 2 to 3 hours; however, 

it is an untimed test. Students who do not complete the test within that timeframe have 

the option for extended, unlimited time. A potential limitation of this study might be that 

the time limit on the screener’s administration may not allow students sufficient time to 

demonstrate the full range of their knowledge and skills. Since the focus of the study is 

to identify students who demonstrate accuracy and fluency in completing the 

assessment, the design of the study centered on utilizing a screener that is efficient and 

easy to administer. Also offsetting this limitation is recent literature indicating that 

longer assessments (e.g., 14 minutes or longer) are needed to measure multiple skills for 

criterion-referenced or high-stakes decisions. Future studies might limit the 

administration time to 15 minutes or expand it to 25 or 30 minutes, to determine the 

impact this would have on the study.  

Summary Conclusions 

Math skills are essential to daily life, impacting a person’s ability to function at 

home, work, and in the community. Although reading has been the focus in recent years, 

many students struggle in math. The inability to master math calculation and problem 

solving has contributed to the rising incidence of student failure, referrals for special 

education evaluations, and dropout rates. Studies have shown that curriculum based 

measurement (CBM) is a well-established tool for formative assessment, and could 

potentially be used for other purposes such as a prediction of state standards test scores, 

however to date there are limited validity studies between mathematics CBM and 

standard-based assessment. This research examined a brief assessment that reported to 

be aligned to national curriculum standards in order to predict student performance on 

state standards-based mathematics curriculum, identify students at-riskof failure, and 

plan instruction. Evidence was gathered on the System to Enhance Educational 

Performance Grade 3 Focal Mathematics Assessment Instrument (STEEP3M) as a 
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formative, universal screener. Using a sample of 337 students and 22 instructional staff, 

four qualities of the STEEP3M were examined: a) internal consistency and criterion 

related validity (concurrent); b) screening students for a multitiered decision-making 

process; c) utility for instructional planning and intervention recommendations; and d) 

efficiency of administration, scoring, and reporting results which were the basis of the 

four research questions for this study.  

Overall the STEEP3M was a relatively easy test with about 10% of the test 

needing revision. As currently written the STEEP3M did not adequately reflect end-of-

year performance on state standards-based curriculum as measured by the high stakes 

state assessment or end-of-course grades for two-thirds of the students in the study. 

Several optimized solutions were generated from Receiver Operator Curve (ROC) 

statistical analysis; however none demonstrated that the STEEP3M maximized 

classification accuracy, sensitivity, or specificity needed to support a multi-tiered 

decision-making process for third grade mathematics. Although the STEEP3M did have 

items that measured each of the six TEKS objectives represented on the TAKS, most 

(80%) of the items on the STEEP3M were aligned to only two objectives. Based on 

correlational analysis, unfortunately these items were not a reasonable measure of 

mathematics sub-skill weakness even for these two objectives. Since the other four 

TEKS objectives represented on the STEEP3M had few items on the test, little 

diagnostic information was provided that would help teachers plan lessons. In addition, 

none of the questions on the STEEP3M measured the key TEKS objectives on time, 

temperature, or money. Even though the developers of the STEEP3M reported alignment 

to national and state standards, statistical analysis did not support this claim.  

In semi-structured interviews instructional staff reported that they currently there 

is no universal screener consistently used to identify students struggling in math prior to 

the end of Grade 3. Although instructional staff reported they would consider using the 

STEEP3M as a part of a decision-making rubric along with other measures, even if the 

STEEP3M provided useful information, it is unlikely they would do so. Responses to the 
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T-SIQ indicated that lessons are developed before the school year starts, more in 

response to the sequence of the state standards than to students’ needs.  

Although practical and efficient to administer, the test does not provide sufficient 

information on the content domain and does not accurately classify students in need of 

assistance. The average amount of time to take the test was just under 14 minutes, which 

recent literature indicates is an appropriate length for criterion-referenced and high-

stakes decision-making. Future studies would not be recommended without changes to 

the instrument. In summary, the STEEP3M CBM is not an adequate one-point, static, 

formative assessment and does not appear to be best suited as an indicator of student 

performance on state standards. 
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NOMENCLATURE 

AEIS Academic Excellence Indicator System 

AYP Adequate Yearly Progress 

CBA Curriculum Based Assessment 

CBM Curriculum Based Measurement 

CRA Criterion-Referenced Assessment 

CRT Criterion-Referenced Test 

EGL Enrolled Grade Level  

GRADE Teacher Reported End-of-Year Classroom Grades 

IDEA Individuals with Disabilities Education Improvement Act of 2004 

IEL Institute for Educational Leadership 

IQR Interquartile Range  

LEA Local Education Agency 

LEA1 Local Education Agency 1 of Study 

LEA2 Local Education Agency 2 of Study 

LEA3 Local Education Agency 3 of Study 

MD Mathematics Disability 

NAEP National Assessment of Educational Performance 

NCLB No Child Left Behind Act of 2001 

NCSS Number Cruncher Statistical System  

NCTM National Council of Teachers of Mathematics 

NMAP National Mathematics Advisory Panel 

NRP National Reading Panel 

RD Reading Disability 
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ROC Receiver Operator Curve 

RtI Response to Intervention 

SD Standard Deviation 

SEA State Education Agency 

SRT Standards Reference Test 

STEEP System to Enhance Educational Performance 

STEEP3M System to Enhance Educational Performance Grade 3 Focal 
Mathematics Assessment Instrument 

TABS Texas Assessment of Basic Skills 

TAKS Texas Assessment of Knowledge and Skills 

TAMU Texas A&M University 

TEA Texas Education Agency 

TEAMS Texas Educational Assessment of Minimum Skills 

TEC Texas Education Code 

TEKS Texas Essential Knowledge and Skills 

TLI Texas Learning Index 

T-SIQ Teacher Survey Interview Questionnaire 

USDOE United Stated Department of Education 

USDOL United States Department of Labor 
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APPENDIX A 

 

TEACHER SURVEY INTERVIEW QUESTIONNAIRE (T-SIQ) 

 

1. How does your campus assess the mathematics skills of students? 

2. How do teachers make decisions on teaching mathematics?  

3. What textbook is used for teaching mathematics on your campus? 

4. Does your campus use commercial mathematics materials or programs? 

a. If yes 

i. Which one(s)? 

ii. How are they used? 

5. What is your initial perception of the focal point mathematics curriculum based 

assessment (CBA)? 

a. Would you consider using this CBA? 

i. If yes, how would you use this CBA? 

b. In your opinion, would data from this CBA help you plan instruction? 

i. If yes, how would you use data? 

6. How long does it take to administer the state standards tests (Texas Assessment 

of Knowledge and Skills – TAKS) in the area of mathematics? 

7. Do you use released TAKS with students?  

a. If yes 

i. How are they used? 

ii. How long does it take to administer released TAKS? 
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