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ABSTRACT

Utilizing restricted-use, 2000 Main NAEP mathematics data, this study investigates the distribution and impact of instructional practices advocated by the National Council of Teachers of Mathematics (NCTM).  Specifically, this report examines intersections of race/ethnicity and socioeconomic status (SES) in students’ access to reform-oriented instructional approaches, and the relationship between such approaches and student achievement.

This study is distinctive in both its development of a powerful SES variable (based on eight relevant NAEP items) that facilitates in-depth examinations of race and SES together, and its creation of nine measures of reform-oriented instruction through factor analyses involving dozens of teacher-reported instruction-related variables.

The study identifies many similarities in instruction across Black, White and Hispanic students, as well as some reform-oriented instructional practices that are implemented more with Black and Hispanic students than with White students.  However, there were ways in which White students appeared to experience more of the fundamental shifts called for in the NCTM Standards.  For example, even high-SES African American students were less likely than low-SES White students to be permitted to use calculators in 8th grade.  African American and Hispanic students were assessed with multiple choice tests more often than were White students.  Additionally, White students were more likely than African American and Hispanic students to report holding beliefs about mathematics learning that are consistent with NCTM’s ideals. 

Hierarchical Linear Modeling (HLM) was utilized to determine whether particular instructional practices correlated positively or negatively with achievement after controlling for relevant student- and school-level confounding variables.  Interaction effects for race, SES and gender were examined.  The HLM analyses consistently revealed that when teacher-reported reform-oriented practices significantly correlated with achievement, they did so positively.  Specifically, collaborative problem solving and teacher knowledge of the NCTM Standards were positive predictors of achievement at both grades 4 and 8.  Additionally, an emphasis on non-number mathematical strands was a positive predictor of achievement at grade 4, whereas calculator access, a de-emphasis of facts and skills, and a greater emphasis on reasoning all correlated positively with achievement at grade 8.

In contrast, student-reported calculator use and collaborative problem solving correlated negatively with achievement at grade 4.  Although the study’s overall results do not support increasing classroom-wide restrictions on calculators or collaborative group work, an examination of interaction effects suggest that teachers need to monitor whether students—particularly those who are low-SES or African American—are benefiting from calculator and collaborative group work as intended.

Additional HLM analyses revealed a strong positive relationship between student achievement and level of disagreement with the statements, “Learning mathematics is mostly memorizing facts,” and “There is only one correct way to solve a mathematics problem.”  Hence, beliefs consistent with NCTM reforms were positive predictors of achievement at both grades 4 and 8.

Although causal relationships cannot be assumed from correlations between instructional practices and outcomes, this report points to particular instructional practices that correlate with achievement, and indicates which of these are and are not being implemented equally across White, Black and Hispanic populations.  Limitations and directions for further research are discussed.

CHAPTER 1:  INTRODUCTION

Overview: Mathematics Education Reforms, Achievement, and Equity

This report synthesizes results from an NCES-sponsored study of recent trends in mathematics instruction, achievement, and equity.  Specifically, the study examines whether instructional practices currently advocated by the National Council of Teachers of Mathematics (NCTM) are, indeed, reaching White, Black and Hispanic students of both low- and high-SES as intended, as well as whether such practices correlate positively with achievement for all students.
   

Scholars have long argued that lower-SES and minority students have received more than their share of rote-based mathematics instruction (e.g., Anyon, 1981; Ladson-Billings, 1997; Means & Knapp, 1991).  NCTM’s vision of problem-centered instruction for all students challenges the status quo and is intended to correct past inequities (NCTM, 1989, 1991, 1995, 2000).  The reformers’ vision offers a dramatic departure from traditional mathematics instruction centered around the memorization and practice of teacher-given rules.  NCTM calls for mathematics instruction to be centered around students’ exploration and discussion of challenging problems.  Additionally, NCTM promotes revised curricular goals for grades K-12 to include a greater emphasis on conceptual understanding of measurement, geometry, data analysis, probability, algebra, and number.  NCTM also argues that a wider variety of tools, including manipulatives and calculators, should be used to enhance students’ learning.  According to its various Standards documents, NCTM’s vision is to mathematically empower all students, including those students previously under-represented in mathematics-based careers. 

After a decade of reform, it is clear that the Standards documents have made a strong, national impact.  By 1993, over half of the states had changed their testing or curriculum recommendations in light of the Standards (Usiskin, 1993).  Additionally, the National Science Foundation funded 13 curriculum development projects to implement NCTM's vision.  These curricula began making their way into schools by the mid-1990s, and their use has continued to expand.

As these new, Standards-based curricula have been implemented, several studies have examined their effects on student achievement in various contexts.  In general, these studies have found that Standards-based curricula and instruction have tended to produce higher achievement in diverse mathematics classrooms (e.g., Schoenfeld, 2002; Senk & Thompson, 2003).  For example, Schoen and Pritchett (1998) found that Core Plus field test students were more likely than their peers to indicate that their mathematics class was challenging and interesting.  Additionally, Core Plus field test students performed better than peers in the areas of probability, statistics, calculus readiness, algebraic concepts, and algebraic problem solving, but performed less well on algebraic symbol manipulation (Huntley, Rasmussen, Villarubi, Sangton, & Fey, 2000; Schoen & Hirsch, 2003).  Still, most of these studies were undertaken by the curriculum developers, themselves, and therefore need further validation from additional studies.

Research on NCTM Reforms and Equity

The NCTM Standards appear to address concerns that have been raised regarding the particular needs of disadvantaged students.  For example, according to Stiff (1990) and Gilbert and Gay (1985), many African-American students tend to prefer learning in more relational, holistic ways, including solving contextualized problems and participating in classroom discourse.  Other scholars have argued that girls are particularly likely to benefit from teaching methods that emphasize students’ personal construction of mathematical ideas through problem solving and cooperative group work (see, e.g., Becker, 1995; Boaler, 1997; Damarin, 1990; Isaacson, 1990; Morrow & Morrow, 1995).  Moreover, many scholars have argued that teachers tend to have low expectations of lower-SES and minority children, and therefore do not challenge them with problem-centered, meaning-oriented lessons (e.g., Anyon, 1981; Knapp, Shields, & Turnbull, 1995; Ladson-Billings, 1997; Means & Knapp, 1991).  

Previous studies utilizing national data sets have indicated that key components of Standards-based instruction have been implemented more with White and affluent students than with others.  For example, Raudenbush, Fotiu, and Cheong (1998), using 1992 State NAEP data, found that teacher-reported emphasis on reasoning in mathematics instruction correlated positively with achievement and that White, high-SES students were more likely to have such a teacher.  Similarly, in their analysis of 1996 State NAEP data, Swanson and Stevenson (2002) found that affluent schools tended to utilize more reform-oriented practices, as measured by a composite of 16 variables.  

Hence, NCTM’s intention to promote challenging, problem-centered instruction for all students appears to have the potential to promote equity in some important ways.  However, the original Standards documents (NCTM, 1989, 1991) were criticized for merely mentioning equity and for giving the impression that the needs of all students would be satisfied through high expectations and a single pedagogy (e.g., Meyer, 1991; Secada, 1991; Stanic, 1991).  Now that Standards-based reforms are being implemented, the question of which instructional practices are most effective—and for which students—has become a topic of debate.  

Scholars have begun to ask whether some students enter the mathematics classroom better positioned than others to learn in the ways envisioned in the Standards.  Indeed, some studies have revealed that low-SES students do not interpret mathematics classroom discourse and open-ended, contextualized problems as middle-class educators intend (e.g., Cooper & Dunne, 2000; Lubienski, 2000a, 2000b).  Additionally, Hickey, Moore, and Pellegrino (2001) found that Standards-based instruction improved low- and high-SES students’ problem solving skills, but increased the SES-related gap in students’ performance on the concepts and estimation portion of the Iowa Test of Basic Skills.  Still other studies have suggested that reform-minded practices are particularly beneficial for lower-SES children and minority students (e.g., Boaler, 2002; Ladson Billings, 1997; Newmann & Wehlage, 1995; Schoenfeld, 2002; Silver, Smith, & Nelson, 1995). 

After analyzing national test score trends, Lee (2002) noted that Black-White gaps in achievement decreased during the 1970s-80s emphasis on “basic skills,” but have increased since emphasis shifted to higher-order thinking.  Lee argues that amid education reforms pushing for more complex problem solving skills, achievement gains have been greatest for high-achieving White students, which has contributed to widening the gap.  Other studies have provided additional evidence of this trend (Campbell, Hombo, & Mazzeo, 2000; Jencks & Phillips, 1998).  These studies raise the question of whether these patterns are caused by reform-oriented instruction, differential access to such instruction, or other confounding variables
.

Research on Equity and Achievement  

In recent years, many researchers have struggled to understand the underlying causes of persistent inequities in academic achievement, especially race-related achievement gaps.  Clearly, SES differences involving parent education, occupation, income, and educational resources in the home account for much of these gaps (Jencks & Phillips, 1998; Peng, Wright, & Hill, 1995).  However, researchers’ lack of ability to pinpoint causes of Black-White achievement differences that persist after controlling for common SES variables has furthered hostility among scholars and the public, as some researchers (e.g., Herrnstein & Murray, 1994) have suggested genetics as an explanation.  Many researchers have made compelling counter-arguments involving confounding variables and the limitations of statistical measures and models for describing qualitative differences between groups (such as low-SES Black and low-SES White families—see e.g., Jencks & Phillips, 1998; Lucas, 2000; Rothstein, 2004). 

This study does not attempt to enter into debates about genetics, or the many social and economic inequities in U.S. society.  Instead, this study focuses on instructional variables over which educators and policy makers have control.   Other studies of race-related achievement gaps have considered the roles of teachers, curricula, schools, student motivation, and student resistance (e.g., Banks, 1989; Cook & Ludwig, 1998; Ferguson, 1998a, 1998b, 1998c; Ogbu, 1995; Steele & Aronson, 1998).  Such discussions have tended to focus on the overall academic performance and experiences of minority students, as opposed to an in-depth examination of achievement and instructional practices in a particular subject area, such as mathematics.  This trend was noted by Lee (2002), who concluded his general analysis of trends in achievement data by urging subject matter specialists to further examine inequities in their areas of expertise.  

This report focuses specifically on students’ achievement and learning experiences in mathematics, which is particularly important to consider in relation to equity because it is a key gatekeeper for entry into high status occupations.  Researchers in mathematics education have given some attention to race-related gaps in mathematics achievement, but with limited depth and little attention to intersections of race and SES  (Lubienski & Bowen, 2000; Tate, 1997)
.  By examining race- and SES-related gaps in mathematics achievement and instructional practices and by examining the relationship between particular instructional practices and achievement, this study highlights the extent to which race-related achievement gaps may be related to differences in students’ access to empowering mathematics instruction.

The National Assessment of Educational Progress

The National Assessment of Educational Progress (NAEP) is an important tool for monitoring trends in mathematics achievement, student beliefs, and instructional practices.  NAEP is the only nationally representative, ongoing assessment of U.S. academic achievement.  NAEP measures student performance at 4th, 8th, and 12th grades in mathematics and other subject areas.  NAEP also provides information from student and teacher questionnaires regarding mathematical backgrounds, beliefs, and instructional practices.   

To help the reader interpret NAEP results, some information about NAEP is necessary.  Two different NAEP assessments are administered to a nationally representative subset of students: the Long-Term Trend NAEP and the Main NAEP.
  The Long-Term Trend assessment was created in 1973 and has remained constant over time.  Hence, the content of the test questions is what was deemed important in 1973.  Most analyses of race-related trends in NAEP achievement data have drawn from the Long-Term Trend assessment.  

In contrast, the framework that determines the content of the Main NAEP assessment is responsive to national trends, such as the NCTM reforms.  Since 1990, the Main NAEP mathematics assessment has been guided by a framework based on NCTM’s Curriculum and Evaluation Standards for School Mathematics (1989).  Hence, the Main NAEP assesses students’ performance on both multiple choice and open-ended questions over the five mathematics strands emphasized by NCTM: number/operations, geometry, measurement, data analysis, and algebra/functions.  Additionally, NAEP survey questions administered to students and teachers are designed to identify the extent to which students’ classroom experiences are aligned with NCTM’s vision for mathematics instruction.  Hence, the Main NAEP is designed to monitor students’ access to both the curriculum and instructional practices deemed important by current leaders in mathematics education.  This assessment was administered in 1990, 1992, 1996 and 2000, resulting in four data sets that mark the beginning, middle, and end of the first wave of Standards-based mathematics reform.  Hence, the time is ripe for a thorough examination of mathematics practices and outcomes, utilizing the 2000 data, the final assessment to be based on the original, Standards-based framework.

Previous NAEP Findings on Equity and Mathematics Instruction
Several publications have delved into particular aspects of the 1996 and earlier NAEP mathematics assessments, such as students’ skills in estimation and in solving contextualized mathematics problem (Mitchell, Hawkins, Stancavage, & Dossey, 1999), teacher and student practices in mathematics classrooms (Mitchell, Hawkins, Jakwerth, Stancavage & Dossey, 1999), and students’ performance in each of the 5 mathematics strands: number, algebra, geometry, measurement, and data analysis/probability (Silver, & Kenney, 2000).  

Although most NAEP reports focus primarily on overall trends in student achievement and instructional practices, some reports have given attention to race, SES and gender individually (e.g., Mitchell, Hawkins, Jakwerth, Stancavage, & Dossey, 1999; Reese, Miller, Mazzeo & Dossey, 1997).  Strutchens and Silver (2000) gave the most detailed attention to race-related disparities in 1996 NAEP data related to mathematics achievement, students’ beliefs about mathematics, and teachers’ instructional practices and emphases. Strutchens and Silver’s findings in each of these areas will be summarized briefly.  These findings have since been replicated and extended by Lubienski (2002a, 2002b) and by Strutchens, Lubienski, McGraw and Westbrook (in press).

Strutchens and Silver found a number of teacher-reported aspects of mathematics instruction that were similar for White, Black and Hispanic students
.  These areas included the use of manipulatives, the use of “real-life” mathematics problems, and student collaboration.  Additionally, time spent on instruction did not correlate with achievement gaps, with Black students being most likely to have a teacher who reported spending more than 4 hours per week on mathematics instruction.   

However, some instructional differences correlated with achievement gaps.  White students were allowed more access to calculators for daily use and on tests than were Black or Hispanic students.  Black and Hispanic students were more likely to be assessed with multiple choice tests, particularly at the 4th grade level.  Finally, White students were most likely to have a teacher give heavy emphasis to “reasoning skills needed to solve unique problems.”

Students’ mathematical attitudes and beliefs, although shaped by a variety of variables, are likely linked to both students’ mathematics achievement and the instruction they receive.  Strutchens and Silver (2000) identified several factors that did not correlate with the Black-White achievement gaps.  Briefly, according to the 1996 NAEP data, Black and Hispanic students reported liking mathematics and believing that mathematics is useful at least as much as did their White counterparts.  Furthermore, students’ beliefs about the link between effort and achievement did not correlate with achievement gaps.  In 1996, 67% of White 8th graders versus 87% of Black 8th graders and 86% of Hispanic 8th graders agreed with the statement, “Everyone can do well in math if they try.” 

Still, Strutchens and Silver identified some differences in students’ beliefs that could be related to the mathematics achievement differences, as well as to the instruction students received.  Black and Hispanic students were more likely than White students to agree with the statements, “There is only one way to solve a math problem” and “Learning mathematics is mostly memorizing facts.” 

Hence, overall, according to previous NAEP data, Black and Hispanic students were more likely than White students to be tested on finding the single correct answer to problems (on a multiple choice test) without the use of a calculator, which suggests basic fact computation as a major instructional focus.  White students were more likely to hold beliefs consistent with NCTM-based instruction.  These differences are reminiscent of those revealed in Anyon’s (1981) study, in which lower-SES students were found to receive more drill-based instruction, whereas higher-SES students were taught problem solving and reasoning skills.  Again, other scholars (Ladson-Billings, 1997; Means & Knapp, 1991) have made similar observations about the tendency for Black children to receive more traditional, drill-based instruction focusing on basic computational skills.  

However, the question remains whether these race-related differences still exist in 2000, as well as how these differences relate to both SES and student achievement.  Previous publications have tended to report on NAEP data using the isolated categories of “race” and “parent education level.”  Some authors have acknowledged the conflation of race and SES in these reports and have called for further research that would help separate these factors.  For example,  Strutchens and Silver (2000) noted, “Because Black and Hispanic students are over-represented in low-income categories . . . [it is] difficult to untangle matters of race/ethnicity and economic conditions in these NAEP findings” (p. 51).  They caution that the race-related differences in NAEP data might be due more to SES than race.  Hence, previous NAEP reports raise, but do not address the question of whether race-related mathematics achievement gaps are attributable primarily to SES differences or to other variables.  

Consistent with this trend, the NAEP report for the 2000 main mathematics assessment provides general information about 1990-2000  trends in mathematics achievement and instructional practices (Braswell, Lutkis, Grigg, Santapau, Tay-Lim, & Johnson, 2001).  This report also highlights several variables that correlate with achievement.  For example it notes that 8th graders with unrestricted access to calculators scored significantly higher than did their peers without such access.  Similarly, the report states that 4th, 8th, and 12th grade students who agreed with the statement, “Learning math is mostly memorizing facts,” scored significantly lower than did students who disagreed with the statement (Braswell et al., 2001).  Although these correlations are notable, causal inferences cannot be made from them alone.  It is important to consider the role of race and SES in these correlations, and examine whether these correlations would persist after controlling for various demographic confounding variables.  In fact, given that White, high-SES students have been more likely than their less privileged counterparts to have unrestricted calculator access and to believe that mathematics is more than just fact memorization (Lubienski, 2001a; Strutchens & Silver, 2000), race and SES are likely confounding variables in the correlations noted by Braswell et al. (2001).
Research Questions

It is important to understand the relationship between instructional practices and student achievement(particularly for those students who have not been well served in the past.  Although we cannot make causal conclusions with NAEP data and therefore cannot determine a definitive answer as to which instructional methods are most effective for under-served students, the scope and representative nature of NAEP data can lend important evidence to inform current debates.  Since Standards-based instruction historically has tended to be implemented more with White, middle-class students, finding that the correlation between Standards-based methods and student achievement is significantly positive for all student groups, regardless of race, student SES, school SES, and gender, would lend support to current efforts to implement Standards-based instruction for all students.  However, practices whose correlations with achievement are explained by the confounding variables of race and SES, or practices that correlate negatively with the achievement of poor and minority students, would appear less promising.  Such findings could challenge reformers’ assumptions that the way to address achievement gaps is to implement the same Standards-based methods for all students.

This study goes beyond previously published reports on NAEP by closely examining race-related achievement gaps, giving attention to interactions among race and SES.  This study also examines the relationship between reform-oriented instructional practices and students’ mathematics achievement.  In particular, the following questions are addressed: 

1) How did mathematics achievement gaps involving White, Black and Hispanic students change between 1990 and 2000? To what extent are race-related gaps in 2000 attributable to SES differences that correlate with race? 


(Note:  Analyses of race compare White, Black and Hispanic students only.  This relatively narrow focus is due to concerns about NAEP sample sizes for other ethnic groups when combining race and SES variables)

2) Are reform-based instructional practices reaching all students, regardless of race and SES?  

3) Which reform-oriented instructional practices correlate positively with mathematics achievement, after controlling for race, SES, and school context?  Do particular types of mathematics instructional practices correlate differentially with Black, Hispanic, and White (non-Hispanic) students’ achievement, with lower- and higher-SES students’ achievement, or with male and female students’ achievement?  Overall, might inequities in access to reform-oriented instruction contribute to achievement gaps?

To address these questions, this study utilizes NAEP data to investigate patterns in students’ mathematics performance and instruction.  However, it is important to note that NAEP is neither longitudinal nor designed for making cause-and-effect inferences regarding instructional methods and student outcomes.  Still, identifying inequities in access to instructional methods that correlate positively or negatively with achievement can shed light on variables potentially underlying race-related achievement gaps, enrich our understanding of students’ experiences with learning mathematics, and suggest important areas for further study.  Additionally, while not assuming that instruction-related variables are the only, or even primary, cause of achievement gaps, it is important to give attention to the area that educators are best positioned to address.  

CHAPTER 2:  METHOD

The NAEP samples utilized, the variables created, and the analyses methods employed are discussed here, before turning to a discussion of the results in the following chapter.

The Samples

The data used in this study are taken from the 1990, 1992, 1996, and 2000 Main NAEP mathematics assessments.  Data regarding 4th, 8th, and 12th grade mathematics achievement were included, as well as data from surveys administered to all participating students and their teachers.  (Teacher data are for 4th and 8th grade students only—12th grade teachers were not surveyed due to the large numbers of 12th graders not taking mathematics courses).  The 1990 samples consisted of 8,072 students, divided fairly evenly among the 4th, 8th, and 12th grades.  Samples for 1992 and 1996 were much larger, each totaling about 21,000 students across the three grades.  In 2000, sample sizes doubled, totaling over 42,000 students across grades 4, 8, and 12.  Consistent with the NAEP reporting samples for 1990-2000, the samples utilized were those for which accommodations for students with special needs were not permitted.  Achievement and survey data from the Main NAEP Mathematics assessments were accessed from the restricted-use CD ROM (containing 2000 data), as well as NAEP’s Web-based data tool, accessed at http://nces.ed.gov/nationsreportcard/naepdata/search.asp.

Methodological Challenges of NAEP Data Analyses

Several features complicate the analysis of NAEP data, including the use of multi-staged, stratified random sampling (in which geographic areas, then schools and then students are selected), the oversampling of private school and minority students, and the use of plausible values to estimate scores for each student based on his/her background and performance on a subset of items.  These features are discussed briefly here (see Johnson, 1989, 1992; and Johnson & Rust, 1992, for more information).

(1) Multi-stage cluster sampling.  To achieve accurate statistical results, the relatively small samples of students employed in the NAEP data set must represent the entire student population.  Hence, geographic areas are chosen, and then schools within those areas are selected, and finally students are selected randomly within schools.  

(2) Sample weights.  Sample weights are used to derive estimates of the characteristics of the full population and of subpopulations based on NAEP data.  Deliberate oversampling of certain strata, such as schools with high enrollments of African American or Hispanic students, results in more reliable estimates for the oversampled subgroups, but the resulting sample contains an overrepresentation of the members of these subgroups relative to the population.  The sample also is unrepresentative of the overall population owing to nonresponse by both schools and students within sampled schools.  Weights are assigned to each student (“ORIGWT”) and school (“SCHWT”) to adjust for both unequal probabilities of selection and nonresponse.
  

(3) Matrix sampling scheme.  Due to the use of balanced incomplete block (BIB) spiraling in the administration of the NAEP assessment battery, special procedures are necessary when estimating any statistical parameters and their standard errors with NAEP data.  Students are observed on only a subset of relevant items due to limited test time and statistical efficiency, resulting in a matrix sampling scheme.  Item response theory (IRT) is used to estimate proficiency scores for each individual student, based on the student’s responses to administered items and other student characteristics.  This procedure estimates a range or distribution of plausible values for each student’s proficiency rather than an individual observed score.  Five plausible values are drawn at random from the conditional distribution of proficiency scores for each student.  Measurement error is due to the fact that these errors are estimated, rather than observed.

When analyzing NAEP achievement data, the results of separate analyses are obtained for each of the five plausible values and then synthesized, following Rubin (1987) on the analysis of multiply-imputed data.  This procedure accounts for the additional uncertainty arising from the use of multiple plausible values rather than observing a single observed outcome (Mislevy, Johnson, & Muraki, 1992).  In addition to overall estimation weights, NAEP data contain replicate weights for each student and school.  The replicate weights are used in calculating the sampling errors of data-based estimates using the jackknife repeated replication method, resulting in approximately unbiased sampling variance estimates.  Level-1 (student) replicate weights are used to estimate the sampling errors of estimates derived using the full sample weights.  The student replicate weights, which reflect the method of sampling schools, account for the stratification scheme and whether or not the student’s school was included in the sample with certainty.  In addition, the student replicate weights reflect the method of sampling students within schools and the impact on sampling errors of adjustments for school- and student-level nonresponse applied to the overall estimation weights.  At level 2 (schools), replicate weights are used to estimate the variance for population estimates obtained using the school weight.

The Variables

Variables included in this analysis were those that pertained to students’ mathematics achievement, student demographics, and instruction, defined very broadly to include variables that characterize or are likely related to the instruction students receive (including  students’ attitudes toward mathematics and teachers’ instructional practices and curricular emphases).  School demographic variables, including school SES, race/ethnicity, and public/private status, were also included.  The software NAEPEX, designed by the Educational Testing Service for NCES, was used to extract and create SPSS code for the relevant variables included in the 4th, 8th, and 12th grade 2000 Main mathematics NAEP data sets.  Although basic achievement trends were examined for 4th, 8th and 12th grades, the main focus of this study is 4th and 8th grades only, due to the lack of instruction-related survey data available at grade 12.

Student race/ethnicity.  From students’ self-reports (or school records when this information is missing), NAEP categorizes students’ race/ethnicity as one of the following: White, Black, Hispanic, Asian/Pacific Islander, and American Indian (including Alaskan Native).  NAEP’s “RACE/ETH” (also called “drace” or “derived race”) is the variable that was utilized.  For the equity-monitoring purposes of this study, the achievement of Black and Hispanic students was compared to that of White students, with attention given to the interaction between race/ethnicity and SES.  NAEP samples for American Indian & Asian students were generally too small to be used in comparisons involving race and SES and were therefore not analyzed.  

Gender.  NAEP’s “Gender” variable was also used in this analysis to indicate whether students are male or female (information taken from school records).  Both NAEP’s race/ethnicity and gender variables were available in 1990, 1992, 1996, and 2000 at the 4th, 8th, and 12th grades.  

School race/ethnicity.  There was no school race variable in the 2000 NAEP mathematics data set.  Hence, as a proxy the student race information was aggregated to the school level and the percentage of White/Asian students in each school’s sample was calculated. White and Asian students were combined because these groups tend to have higher achievement means than Black, Hispanic and American Indian groups.  However, the resulting variable was skewed (due to many schools having over 90% White/Asian students) and fairly bi-modal (revealing school segregation patterns).  A natural logarithmic transformation was used to create a more normally distributed variable, which then was standardized with mean = 0 and standard deviation = 1.  

Student SES.  Over the past decade, NAEP has utilized several variables relating to students’ SES.  In 1990 and 1996, parent education level and literacy resources in the home (books, encyclopedia, magazines, and newspapers) were used as SES measures at each grade level.  Free/reduced lunch eligibility was introduced in 1996 and was used again in 2000.  Additionally, parent education level was no longer used in 2000 at the 4th grade level, due to concerns about obtaining accurate student self-reports of this information.   

The shifting nature of SES-related variables makes it difficult to examine SES-related trends over the past decade.  Hence, discussions of trends will focus primarily on race, with more in-depth discussions of interactions between race and SES focusing solely on the 2000 data.  
To examine SES interactions with race, it was desirable to create a powerful SES variable that would encompass multiple aspects of students’ SES.  After consideration of the much-debated meanings of “socioeconomic status” and “social class” (e.g., Duberman, 1976; Secada, 1992; Weis, 1988; Zweig, 1991), as well as consideration of the variables available in the NAEP 2000 data, a more comprehensive SES variable was created using factor analysis.  In 8th and 12th grades, 8 variables were combined to produce a new student SES variable: types of reading material in students’ homes (newspapers, magazines, books, and encyclopedia—this variable is labeled HOMEEN2 by NAEP),
 computer (B009301) 
 and Internet (B016101) access at home, extent to which studies are discussed at home (B007401)
, school lunch (SLUNCH) and Title 1 (TITLE1) eligibility, mother’s education level, and father’s education level.  Parent education levels were not reported for 4th graders in 2000, so the student SES measure at 4th grade involved only the remaining 6 variables.  Students missing more than 2 of the variables were deleted from consideration (resulting in 0.5% of the sample deleted at 4th grade, 5.6% at 8th grade, and 2.8% at 12th grade).

Principal components extraction at each grade level was followed by Varimax rotation, to achieve a tighter fit of each item to the resulting factors. The Kaiser-Meyer-Olkin measure of sampling adequacy was .694 at 4th grade, .764 at 8th grade, and .736 at 12th grade. At each grade level, the factor analysis produced two factors with eigenvalues greater than 1, with one factor generally loading more heavily on Title 1 and lunch eligibility, and the other loading more heavily on the remaining home environment variables (see Table 2.1).  The factors were saved as variables using the Anderson-Rubin method, which results in a composite Z-score with mean zero and standard deviation one.  Given that the goal was to distill a single SES variable, a linear combination of the two factors was constructed using the eigenvalues as weights.  (For example, at grade 4, factor 1 had an eigenvalue of 1.9 and factor 2 had an eigenvalue of 1.1.  These factors were combined using the equation: New Variable = 1.9/3 * factor 1 + 1.1/3 *factor 2.)  However, the resulting SES composite at each grade level was skewed considerably, and therefore was transformed by a natural logarithm and then re-standardized with mean=0 and standard deviation =1.  

INSERT TABLE 2.1

Given this method of creating the new SES variable at each grade level, there were differences across the three grade levels in the weights used to construct the composite SES variables (and differences in the structure of the variables themselves, given that parent education was not available at 4th grade). However, what remained consistent was the desire to produce as strong an SES variable as possible within each grade. (A linear regression analysis of the SES variable with achievement produced adjusted r-square values of .25 at 4th grade, .24 at 8th grade, and .22 at 12th grade.)

Once the SES variable was created at each grade level, SES quartiles and halves were created and utilized in the analyses reported here. Each SES quartile contained roughly 25% of the weighted sample of students, although this percentage varied by race (see Figure 2.1.)  Larger proportions of White students were in the higher-SES levels, whereas larger proportions of Black students were in the lower-SES levels. 

INSERT FIGURE 2.1

School SES.  A school administrator at each sampled school completed a survey requesting information about the school, including the percentage of students qualifying for Title 1 funds and free/reduced lunch.  These variables were ordinal with various categories of percentages (e.g., 0-10, etc.).  The percentage of students eligible for free/reduced lunch tended to correlate more closely with achievement than did Title 1.  The Title 1 variable can be considered problematic because schools can vary in their definitions of who is and is not eligible.  Both variables were standardized and a weighted average was created with 3/4 lunch and 1/4 Title 1; this new variable was named “3lunch/1Title.”  However, in creating as strong a school SES variable as possible, it is important not to ignore the richer SES information available regarding students sampled from each school.  If very few students were sampled from a school, the student SES information should not count more heavily than the lunch and Title 1 information available for the entire school.  On the other hand, if the sample from a school is larger, the student SES information should count more heavily.  Thus a new school SES variable was created as a weighted average of student-level SES (using the student SES variable described above, averaged for each school), and the school lunch/Title 1 variable (3lunch/1Title) as follows:

     School SES = 

(Student SES Average of School Sample) x (School Sample Size /7) + (3Lunch1Title)
(School Sample Size /7) + 1

In this way, if only 1 student was chosen from a school, that student’s SES information would count only 1/7 as much as the school’s lunch/Title 1 information.  If 7 students were chosen from a school, the average SES of the 7 students would weigh equally with the school lunch/title information.  If the school sample size was 21, which was close to the average sample size, the students’ average SES counted three times as much as the lunch/Title information.   If lunch and Title 1 information were missing, then the school was assigned the average of its sampled students’ SES.   Again, due to skewness, the resulting variable was transformed with the natural logarithm function and then standardized with mean = 0 and standard deviation = 1.  

School Sector.  The NAEP variable “schtype” was recoded to be a binary variable, with Catholic and other private schools = 1 and public schools = 0.  


Teacher-Reported Instruction-Related Variables.  During initial explorations of teacher-reported variables that could conceivably be viewed as measuring some aspect of reform-oriented practices, we originally cast the net widely and identified 31 such variables at 4th grade and 30 at 8th grade (see Appendix A for a list of these variables).  (Again, there were no teacher survey data at 12th grade).  Correlations among these variables were examined using factor analyses (principal components extraction followed by Varimax rotation; the KMO value with all of the variables in a single factor analysis was roughly .8 at each grade level).

Several variables did not seem to fit with the others and were excluded because it did not make conceptual or statistical sense to include them.  These variables included the frequency with which students took tests, did problems from textbooks, and did problem sets, as well as teacher emphasis on developing an appreciation of mathematics, teacher-provided instruction in the use of calculators, and two variables regarding student computer use in mathematics class.  Algebra emphasis at 8th grade was also ill-fitting, likely because that emphasis depended upon the course students were in (i.e., whether it was an algebra or regular 8th grade mathematics course).  Ultimately, 24 (22 at grade 8) variables remained, and most clustered around five themes in similar ways at grades 4 and 8:  calculator use, emphasis on facts and skills, collaborative problem solving, non-number curricular emphasis, and writing about mathematics.  

Teacher emphasis on reasoning, use of multiple choice assessments, and teachers’ knowledge of the NCTM Standards tended to correlate loosely with these other variables, but did not associate strongly with any single factor or with each other.  At grade 4, the two manipulative-related variables clustered together, but the single manipulative-related variable at grade 8 did not cluster closely with other factors.  These “stray” variables were treated individually.  

A principal component factor analysis was conducted with each of the 5 clusters of variables to create a single, standardized (mean = 0 and standard deviation = 1) factor representing that theme.  In each case, only one factor resulted with an Eigenvalue greater than 1, so that factor was used to represent the theme.

Table 2.2 includes a list of the 9 resulting instruction-related factors, with information about the original variables that produced them.  Additionally, the loadings of each of the original variables on the final resulting factors are listed in Table 2.3. 

INSERT TABLES 2.2 & 2.3

Given that the goal was to use these variables as predictors of achievement in HLM models, they needed to be either continuous, normal variables or binary.  The single, isolated variables (teacher emphasis on reasoning, multiple-choice assessment use, knowledge of the NCTM Standards, and—at 8th grade—manipulatives) were ordinal, not continuous.  A few of the variables created through a combination of factors were heavily skewed and/or bimodal. Before utilizing these variables in HLM analyses, the issue of non-normality was addressed by creating binary variables as follows:

· Calculators (was a bimodal composite).  Recoded so that above average calculator use = 1, below average use = 0.

· Reasoning (originally an ordinal variable with three categories:  heavy, moderate and light.  The variable was skewed with few teachers reporting light emphasis) –  Recoded so that heavy emphasis = 1, moderate or light emphasis = 0

· Facts and skills (was a skewed composite because many teachers reported “heavy emphasis” on each variable) – Recoded so that heavy emphasis on facts and concepts, skills for solving routine problems, and number/operations = 0, else = 1.  

· Multiple choice assessment use (originally an ordinal variable with 4 categories: once or twice a week, once or twice a month, once or twice a year, or never) – There seemed to be substantial differences between teachers using multiple choice assessments weekly, monthly, and annually/never, so two binary variables were created: weekly=0 and less than weekly =1, and once or twice annually or never =1, else = 0.  This, in effect, separates out the weekly, monthly, and annually/never groups.  

· Knowledge of NCTM Standards (originally a single ordinal variable with categories of very knowledgeable, knowledgeable, somewhat knowledgeable, and little/no knowledge). Two binary variables were created: 1=very knowledgeable about the Standards, else = 0, and 1=at least somewhat knowledgeable about the Standards, else =0.  This distinguishes between the two extremes and combines the two middle categories.

· Manipulatives (8th grade only – was a single ordinal variable with values of daily, weekly, monthly or never).  One binary was created: daily or weekly = 1, else = 0.  

One continuous variable —collaborative problem solving—was skewed but sufficiently correctable with a square root transformation.  The remaining two variables, non-number curricular emphasis and writing about mathematics, were sufficiently continuous and normal.  Consistent with the coding of the binary variables, the continuous variables were coded so that a higher number indicated a greater alignment with some aspect of the NCTM Standards, and they were standardized with mean = 0 and standard deviation = 1.

Student-Reported Variables.  Teacher-reported instructional variables were the main focus of analysis, as opposed to student-reported variables, because it seems more sensible to analyze the actions of teachers in terms of equity and then influence those actions through policy changes than to attempt to influence the actions of individual students.  However, three groups of student-reported variables were ultimately examined to complement the analysis of the teacher-reported variables.  

First, because of race- and SES-related gaps in 8th-grade calculator access, and because this study identified a positive relationship between 8th grade teacher-reported calculator use and achievement (and a lack of relationship at grade 4), the issue of calculator use was explored from the student standpoint.  Hence, factor analysis was used to create a composite of the 4 student-reported calculator variables (see Table 2.4 for these variables and their loadings).  This composite was then examined in relation to student achievement, as were the other teacher factors.

Second, given that analyses conducted with teacher-reported variables indicated a significant relationship between student collaborative problem solving activities and achievement at both grades 4 and 8, a composite was formed of 2 student-reported variables:  (1) How often the student solves mathematics problems with a partner or group, and (2) How often the student talks with other students in the class about how he/she solved mathematics problems.  These two variables were combined by factor analysis as a standardized student belief variable (mean = 0, standard deviation =1).

In addition to questions about mathematics learning practices, students were asked to indicate their level of agreement with the statements “Learning mathematics is mostly memorizing facts,” and “There is only one correct way to solve a mathematics problem.”  Given that these beliefs are likely closely related to the instruction students have received in mathematics—not only in the current year but throughout their schooling—the relationship between these beliefs and both student demographics and achievement was analyzed.  Given the correlation between these two student beliefs variables, a more continuous, standardized (with mean = 0, standard deviation =1) composite variable was created by combining these two variables in a factor analysis.  

INSERT TABLE 2.4

Hence, this study utilized a wide variety of variables, including student and school demographic measures, teacher-reported instruction-related variables, and student-reported instruction-related variables.  These variables were utilized in two phases of data analyses.

Data Analysis

To answer the three research questions posed in the previous chapter, two distinct phases of analysis were conducted.  The first phase involved descriptive analyses of mathematics achievement and instructional practices with an eye toward equity.  This phase addressed the first two research questions posed—those focusing on the size and nature of race- and SES-related gaps in achievement and instructional practices.  The second phase utilized HLM to examine relationships between various instructional practices and mathematics achievement, thereby addressing the third research question.  
Phase 1—Descriptive Analyses of Achievement and Instruction by Race and SES

In this phase, achievement trends from 1990-2000 were examined, with attention to race and SES.  NAEP’s Web-based data tool was used to derive basic race-related trends across the 1990, 1992, 1996, and 2000 mathematics achievement and student/teacher survey data.  In this analysis, the crosstabulation feature of the NAEP data tool was used to calculate means and standard errors for student achievement data, as well as student and teacher questionnaire data.   

Mathematics achievement means were compared for White, Black and Hispanic students, with an eye toward changes in gaps between 1990 and 2000.  To calculate an achievement mean, the NAEP data tool calculates the mean for each of the five plausible values across students in the sample, and then averages the five means.  When making sampling variance estimates, 62 replicate weights are used for each student, with standard errors calculated using the jackknife repeated replication approach.  Measurement error is calculated as the variance of the five plausible values.  Then the overall variance estimates combine the sampling variance and measurement error.  Because sampling procedures create unequal probabilities for student selection into the sample, the tool also utilizes sampling weights in its analyses of both achievement and student/teacher survey data.  A student’s overall sampling weight is the reciprocal of his/her probability of being selected.  For more information about these statistical procedures, see Johnson (1992) or Johnson and Rust (1992).

The general analysis of race-related differences conducted with the Web-based tool revealed several significant race-related differences in achievement and instruction.  The raw, restricted-use 2000 NAEP data were then utilized to examine the gaps more closely, to determine the extent to which these race-related differences persisted within and across SES groups.  Crosstabulation tables comparing both achievement and instruction by race and student-SES quartiles, were created in SPSS to examine these patterns.  The purpose of these descriptive analyses was to determine which race-related differences in instruction persisted after controlling for student SES, and, therefore, could underlie race-related gaps in achievement that persist after controlling for student-SES.

In addition to these analyses of NAEP’s original variables, means of the 14 newly created instruction-related variables were compared for White, Black, and Hispanic students.  AM Statistical Software (version 0.06), developed by Jon Cohen and others at the American Institutes for Research, was utilized to obtain means and standard errors of the new instruction-related variables, and to compare the means using t-tests.  AM is designed to address the weighting, jackknifing and additional special needs of NAEP and other complex large-scale databases. 

Phase 2—HLM Analyses of Instruction and Achievement 

The descriptive analyses of Phase 1 lay the groundwork for analyses of the instructional practices and student beliefs that correlated with achievement after controlling for student and school demographic variables.  Because of the nested nature of the data, Hierarchical Linear Models (HLM) were used to examine whether particular reform-based practices correlated positively or negatively with achievement while controlling for demographic and other potentially confounding variables.  In these models, students (level 1) were nested within schools (level 2).  The level of classroom or teacher was not included as a separate level because NAEP uses random samples of students and not teachers.  Hence, teacher-level data were treated as level-1 data.  Due to missing survey data, the sample sizes were reduced to include 9,999 students across 611 schools at grade 4, and 8,578 students across 551 schools at grade 8.  However, the demographics for these reduced samples were very similar to the demographics of 

the entire data set.  For example, at grade 8, the unweighted sample was 16% Black, 16% Hispanic, and had mean SES = .16.  The unweighted sub-sample utilized in the HLM analyses was 15% Black, 15% Hispanic, with mean SES = .18.  Similarly, at grade 4, the race and SES composition of the sub-sample was very similar to that of the full sample.  These similarities reduce concerns about the results of the analyses being skewed due to missing data.
The HLM statistical software was designed specifically to accommodate multi-level datasets such as NAEP (Raudenbush & Bryk, 2002).  HLM resolves problems associated with aggregation bias and imprecision that are inherent in analyzing multilevel data (Bryk & Raudenbush, 1987, 1992; Goldstein, 1987; Raudenbush & Bryk, 2002), and has become a widely used statistical package for policy analysis and for evaluating school effectiveness (e.g., Bryk & Raudenbush, 1989; Gamoran, Porter, Smithson, & White, 1997; Lee & Bryk, 1989; Newmann, Smith, Allensworth & Bryk, 2001; Phillips, 1997; Raudenbush & Bryk, 1986).

The HLM2 (for 2 levels) estimation procedure in HLM 5.04 software produces correct HLM estimates for the plausible values configuration of the NAEP data, using the multiple, model-based imputation strategy for data missing at random developed by Rubin (1987), Little and Rubin (1987), and Schafer (1997), in which several “complete” data sets are produced.  As HLM computes statistics related to NAEP performance, each parameter is estimated for each of the five plausible values, and the five estimates are then averaged.  Hence, in a two-level HLM analysis, the parameter estimates are based on the average parameter estimates from separate HLM analyses of five plausible values.  For each HLM model, the program uses each of the five plausible values internally, and computes their average value and correct standard errors using the approach recommended by Little and Schenker (1995).  This approach essentially combines the average of the sampling error variance from the five estimates with the variance between the five estimates.  A more detailed explanation of the data analysis methods used by HLM is available in Bryk and Raudenbush (1992) and Raudenbush and Bryk (2002).   

Because of collinearity among the various teacher-reported instructional practice variables, separate HLM analyses were conducted with each of the 9 variables to determine if each correlated with student achievement.  Slopes were fixed in the HLM models because comparing variation within versus between schools was not the main focus of this study.  In addition to SES and race variables for both students and schools, five other potentially confounding variables were included:

(1) Disability.  Given that students with disabilities tend to score lower than others on NAEP (Foegen, 2004) and that these students could be subject to different instructional practices than their peers, a binary student disability variable was added to control for whether students have a non-orthopedic disability (e.g., learning disability, visual impairment, behavioral disorder).  Orthopedic disabilities were not included because it is not clear that they would affect students’ mathematics learning.  

(2) Gender.  Given that gender has been found to correlate with NAEP mathematics achievement (Lubienski, McGraw & Strutchens, in press), a binary gender variables was also included.  (Teacher-reported instructional variables generally will not vary by gender, given that a single teacher survey applies to an entire class.  However, student-reported instruction-related variables could vary by gender, so gender was included in all HLM analyses for the sake of consistency.)  

(3) Algebra Course Taking.  At 8th grade, a binary variable was included for students’ course taking, separating students who reported being in a high-school level course (typically “Algebra”) from those who reported being in a regular 8th grade mathematics class (including “pre-algebra”).   This variable allows for a rough control of prior achievement at grade 8 and is necessary because 8th-grade algebra students generally perform better than their peers and could experience different instructional practices in their mathematics classes.  

(4) Secondary Mathematics Certification.  A teacher-reported secondary mathematics certification variable was also included.  Given that some studies have shown a relationship between particular types of teacher preparation and student achievement (e.g., Darling-Hammond, 1997; Monk, 1994; Rowan, Correnti & Miller, 2004) the many forms of teacher majors/certification variables reported in NAEP were examined at both grades 4 and 8.  The only variable with a strong, persistent relationship with achievement (holding even after controlling for demographics) was 8th grade secondary mathematics certification.  Given that such certification might also correlate with the use of particular instructional practices, this binary variable was included in HLM analyses.  

(5) School sector.  Finally, given that public/private school status has been found to correlate with achievement (e.g., Bryk, Lee & Holland, 1993) and might also relate to the instructional practices employed, a binary school sector variable was included.  

Again, the NAEP data are cross-sectional, and therefore any relationships between instructional variables and achievement must be interpreted with great care.  However, the inclusion of these confounding variables in the HLM analyses adds confidence to correlations found between particular instructional practices and achievement.  Still, correlation does not imply cause; alternative explanations are considered in the final sections of this report. 

Taken together, the descriptive and HLM analyses utilized in this study identify which instructional practices correlate with achievement, yet are not employed equitably with Black and Hispanic students.  The results of these analyses are presented in the following chapter.

CHAPTER 3: RESULTS

This section begins by discussing race- and SES-related mathematics achievement disparities, including trends between 1990 and 2000.  The focus then turns toward instruction-related issues.

Many concerns about equity are raised in this chapter, however it is important to note the good news: NAEP scores increased between 1990 and 2000 for White, Hispanic and Black students and for both low- and high-SES students (Braswell, Lutkis, Grigg, Santapau, Tay-Lim, & Johnson, 2001).   However, substantial gaps remain, and some may have increased.

To help the reader interpret the results discussed here, some information about NAEP scores is necessary.  NAEP uses a 500-point scale on which 4th graders scored an average of 228, 8th graders scored 275 and 12th graders scored 301 in 2000.  Although there is some debate as to the consistency of the scale across grades, an achievement gap of 9 points might be considered, in very rough terms, the equivalent of a one-year gain, given that the difference between 12th grade and 4th grade means is 73 points.  (However, the gains appear to be larger in elementary school than in high school, and therefore 9 points would be less than one year’s growth at the elementary level and more than one year at the secondary level).  However, another, perhaps less controversial way to interpret score gaps is in terms of effect sizes.  The standard deviation for the 2000 overall scale scores was 31 points at grade 4, 38 points at grade 8, and 35 points at grade 12.  Hence, a difference of 3-4 points can be considered an effect size of roughly 0.1.  

Overall Mathematics Achievement: 1990-2000
The 2000 data reveal the persistence of large achievement disparities, with White students significantly
 outscoring their Black and Hispanic counterparts.  As Table 3.1 reveals, the 2000 Hispanic-White gap was 24 points at 4th grade, 33 points at 8th grade (up 7 points from 1990), and 25 points at 12th grade.  The 2000 Black-White gap was 31 points at 4th grade, 39 points at 8th grade (up 7 points from 1990), and 34 points at 12th grade, or roughly an effect size of 1 at each grade.  

Both the Black/White and Hispanic/White gaps increased at 8th grade, but held relatively steady at grades 4 and 12.  Overall, Hispanic-White gaps are large but less severe than Black-White gaps.  Still, the magnitude of both Hispanic-White and Black-White gaps is great in comparison to the 3-4 point gender gaps that exist at 4th, 8th and 12th grade (Lubienski, McGraw & Strutchens, in press).

INSERT TABLE 3.1

Another way to interpret the severity of these race-related differences is to examine Figure 3.1.  Assuming that the 500-point scale is consistent across grades, Figure 3.1 implies that the achievement of White 4th graders is closer to the achievement of Black and Hispanic 8th graders than Black and Hispanic 4th graders.  Moreover, in 1990, 12th grade Black students scored similarly to 8th grade White students, but, in 2000, the 8th grade White students scored a significant 8 points higher than 12th grade Black students. 

INSERT FIGURE 3.1
It is important to examine whether these race-related gaps are due, in fact, primarily to socioeconomic differences that align with race.  As shown in Table 3.2, if one uses free/reduced lunch eligibility as an SES proxy, then the race-related gaps are strikingly persistent even after controlling for SES.  Specifically, the lunch-eligible White students outscored the ineligible (wealthier) Black students at each grade level.  Hence, in this analysis utilizing lunch eligibility as SES indicator, race-related differences seemed largely unattributable to SES differences.  However, this pattern weakens when utilizing the stronger SES variable that was created for this study.  

INSERT TABLE 3.2

Table 3.3 reveals that SES-related disparities in achievement are large, with gaps between the means for students in the lowest- and highest-SES quartiles, ranging from 25 to 35 points within each racial group.  Hence, the SES related gaps are similar in size to the 24-39-point race-related gaps noted in Table 2 above.  Although with this stronger SES variable we no longer see the low-SES White students outscoring the high-SES Black and Hispanic students, SES-related differences do not account for substantial portions of the race-related gaps, as evidenced by the 10-19-point White-Hispanic gaps and 17-31-point White-Black gaps within each SES category.  Additionally, the lowest-SES White 12th graders score more similarly to the highest-SES Black students (3-point gap) than to their lowest-SES Black counterparts (22-point gap).  

INSERT TABLE 3.3

A Closer Look at 2000 Performance: Mathematical Strands

In accordance with NCTM’s curricular emphasis on five mathematical strands, NAEP assesses student achievement in each of those strands: number, data analysis, algebra, geometry, and measurement.  Overall student performance varied only slightly by strand (see Table 3.4).  However an exploration of race-related gaps on each mathematical strand revealed several patterns.  

INSERT TABLE 3.4

Hispanic-White gaps were largest in the measurement strand at the 4th and 12th grade levels (see Figure 3.2).  However, the largest disparities occurred in 8th grade, where data analysis had the largest gap (49 points) and measurement (44 points) had far greater gaps than the remaining three strands.  

INSERT FIGURE 3.2

The Black-White gaps were largest in measurement for all three grade levels, with data analysis/statistics taking second place (see Figure 3.3).  This continues a pattern noted in 1990 and 1996 (Lubienski, 2001a).  The pattern was most striking in 8th grade, where the 2000 gap for measurement was 58 points, up 19 points from 1990.  Black-White gaps were smallest in Algebra at 4th, 8th and 12th grades, whereas Hispanic-White gaps were smallest in Algebra at 4th grade, geometry at 8th grade, and both algebra and geometry at 12th grade.
INSERT FIGURE 3.3

Searching for Explanations—Descriptive Analyses of NAEP’s Original Instruction-Related Variables

Given the large race-related gaps that persist even after controlling for student SES, and given the variation of achievement gaps by mathematical strand, it is sensible to examine if there are instruction-related differences that might contribute to these persistent gaps.  In this section race-related differences in instruction are examined, including whether such differences persist after controlling for student SES.  

The NAEP is neither longitudinal nor designed for making cause-and-effect inferences regarding instructional methods and student outcomes.  However, analyses of NAEP student and teacher questionnaires can reveal similarities and differences in students’ classroom experiences and attitudes, thereby shedding light on factors that could shape the achievement differences noted above.  

Strutchens and Silver (2000) summarized 1996 NAEP data pertaining to race-related patterns in students’ school experiences and beliefs.  Along with many similarities, they identified several instruction-related aspects that differed between Black and White students, including uses of calculators, teacher emphasis on reasoning, and beliefs about mathematics involving single solution paths and fact memorization.  

In this study, these instruction-related variables were initially examined using basic descriptive statistics (before utilizing factor analyses and HLM), going beyond Strutchens and Silver’s race-focused analyses in two ways.  First, race-related disparities in instruction that they identified in 1996 data were examined to see if they persist in the 2000 data.  Second, because of the severity of Black-White and Hispanic-White achievement differences even after controlling for SES, race-related differences in instruction were examined in conjunction with student SES.  Descriptive statistics of original NAEP variables by race and SES are presented here before turning to an examination of the nine newly formed (utilizing factor analysis) instruction-related factors, including their distribution by student race and their relation to achievement.

Instructional Practices—Original NAEP Variables

Descriptive analyses of NAEP instruction-related variables revealed many similarities in White, Hispanic, and Black students’ classroom experiences, as reported by both students and their teachers.  In their analysis of 1996 data, Strutchens & Silver (2000) found that Black and Hispanic students were at least as likely as White students to have access to manipulatives, “real-life” mathematics problems, student collaboration, student writing, and mathematics instructional time.  However, race-related instructional differences were found in the areas of calculator use (particularly at 8th grade), teacher reasoning, and the use of multiple choice tests.  

This study examined the 2000 data in each of these areas and found similar patterns in most areas.  (Again, these analyses focused on teacher survey data from 4th and 8th grades only, because 12th grade teachers are not surveyed.)  One difference is that the disparity in teacher emphasis on reasoning identified in the 1996 data was not found in 2000.  Moreover, no significant differences were found in teachers’ reported knowledge of the NCTM Standards and their feelings of preparedness to teach the content strands outlined in the Standards.  

The race-related disparities identified in the 2000 data regarding calculator use, multiple-choice assessment use, and student beliefs are discussed in the sections that follow.  The extent to these differences persist after accounting for student SES differences are examined. 

Calculator use.  Since 1990, NAEP has asked teachers how often they allow students to use calculators both in the mathematics classroom and on tests.  These data indicate that 8th-grade classroom calculator use dramatically increased between 1990 and 1996, suggesting that the mathematics curriculum has perhaps moved away from a primary focus on computational skills.  For example, in 1990 only 12% of 8th grade students had teachers who reported that students used calculators “almost every day.”  By 1996, this percentage had leaped to 55%, and has since come down slightly to 48%.  However, these trends differed by student race.  

Throughout the past decade, White 8th graders have typically been allowed more access to calculators for daily use (see Figure 3.4) and on tests (see Figure 3.5) than were Hispanic or Black students.  White and Hispanic students’ calculator use actually decreased between 1996 and 2000, while Black students’ use continued to increase, helping to narrow the calculator-access gaps.  However, White 8th graders remain significantly more likely than Black or Hispanic 8th graders to have regular access to calculators for daily use and tests.  

INSERT FIGURES 3.4 AND 3.5

Again, one might wonder whether these race-related gaps in calculator use persist after taking SES into account.  Further analyses of race and SES together reveal that large portions of the race-related differences were not attributable to student SES.  There were substantial race-related gaps within each SES category, with both low- and high-SES White students having more calculator access than their respective Black and Hispanic peers.  Moreover, the highest SES Black students were allowed less calculator access than the lowest-SES White students (see Table 3.5).

INSERT TABLE 3.5

Multiple Choice Tests.  Contrary to what one might expect given the current NCTM reforms (but consistent with other policy trends such as No Child Left Behind), the use of multiple choice tests increased between 1996 and 2000 (see Figure 3.6).  The percentage of students whose teachers reported using multiple-choice assessments at least once or twice a month jumped from 48 to 60 for 4th graders and 34 to 44 for 8th graders between 1996 and 2000.  However, the percentages continue to vary widely by race.  The disparities were particularly large at the 8th grade level, where 63% of Black students, 44% of Hispanic students, and 38% of White students were assessed with multiple choices tests at least monthly.  

INSERT FIGURE 3.6

Analyses of race and SES together revealed that 4th grade Black students of all SES levels were more likely than White students to be assessed with multiple-choice assessments.  Specifically, high-SES White (53%) and Hispanic (62%) 4th graders were less likely to have multiple-choice tests than their low-SES counterparts (64% White, 73% Hispanic), but SES patterns were absent for Black 4th graders, with 68% of Black students at each SES level encountering multiple-choice tests at least monthly.  However, at the 8th grade, differences were more closely tied to SES than race.  For example, whereas 69% of low-SES Black students were assessed with multiple-choice tests at least monthly, this percentage was only 42% for high-SES Black students.  

These differences in student assessment suggest that White students might gain more experience with open-response assessments than do Hispanic or Black students.  These differences could relate to the fact that both race-related performance gaps and omit rates for Black and Hispanic students are particularly large on NAEP’s open-ended assessment items (Strutchens and Silver, 2000).

Student Beliefs

Race-related differences in the mathematics instruction that students experience could shape corresponding differences in students’ beliefs about mathematics learning.  In their analysis of 1996 data, Strutchens and Silver (2000) reported many similarities across White, Hispanic and Black students’ attitudes toward mathematics, with Hispanic and Black students being at least as likely as White students to report liking mathematics and believing “everyone can do well in mathematics if they try.”  They found no consistent patterns that correlated with achievement in terms of students’ feelings of confidence in mathematics, and believing that mathematics is useful.  However, race-related differences were found for two beliefs.  Black and Hispanic students were more likely than White students to agree with the statements, “There is only one correct way to solve a math problem” and “Learning mathematics is mostly memorizing facts.”  

The 2000 data revealed similar patterns, with no major changes since 1996 (these question were not asked before 1996).  Race-related differences persisted in relation to both students’ beliefs about single solutions to mathematics problems and mathematics learning as memorization.  

“There is only one correct way to solve a math problem.”  The majority of students assessed in 2000 expressed disagreement with the idea that there is only one correct way to solve math problems, but again the percentages varied by race at grades 4 and 8.   Only 13% of White 4th graders and 7% of White 8th graders indicated agreement with the statement.  However, these percentages were roughly double for Black and Hispanic students (see Table 3.6).  It is sensible to ask whether these disparities were primarily due to SES differences that correlated with race.  As Table 8 shows, low-SES White and Black 4th and 8th graders were more likely to agree with the statement than were their high-SES counterparts; however, race-related differences persisted within each SES group.  For example, more than twice as many high-SES Black 4th graders (21%) as High-SES White 4th graders (10%) agreed with the statement.   

INSERT TABLE 3.6

“Learning mathematics is mostly memorizing facts.”  Less than half of White 4th graders and less than a third of White 8th and 12th graders viewed learning mathematics as fact memorization, but these percentages were roughly 60% for Black and Hispanic 4th graders, 55% for Black 8th and 12th graders, and about 48% for Hispanic 8th and 12th graders  The analysis of race and SES together again revealed that race-related differences persisted within each SES category, with low- and high-SES Black and Hispanic students holding this belief more than their White counterparts.  Although, on average, students moved away from this belief as they progressed through school, the Black-White gaps increased at the upper grade levels, largely because the percentage of low-SES Black students agreeing with the statement did not decrease in the upper grades, as occurred with their more advantaged peers.  

Summary of Analyses of NAEP’s Original Instruction-Related Variables

Although a definitive determination of the causes underlying belief differences is beyond the scope of this paper, one likely contributing factor, and the factor over which educators have the most control, is the nature of mathematics instruction students receive.  Given that Black, Hispanic and low-SES students appear more likely than White, high-SES students to be assessed with multiple choice tests, and given that White, high-SES 8th graders were more likely to have access to calculators in their mathematics classes than their less advantaged peers, these NAEP data seem to support claims made by other scholars (e.g., Anyon, 1981; Ladson-Billings, 1997; Means & Knapp, 1991) that minority and low-SES students tend to be taught and assessed with a disproportionate emphasis on lower-level, computational skills.  The differences in students’ beliefs also suggest this pattern. 

Hence, there appear to be some substantial ways in which reform-oriented mathematics instruction, as advocated by NCTM, is being implemented more with White, higher-SES students than with their more disadvantaged peers.  However, it remains to be seen whether these patterns in instruction are, indeed, related to achievement gaps.  Confounding variables, such as school SES and 8th grade course taking must be controlled before a causal link between particular instructional practices and achievement can begin to be considered seriously.  

The following section focuses on the HLM models used to examine the relationship between student achievement and the 9 instruction-related factors created from teacher-reported data, as well as the 3 factors created from student-reported data.  Before presenting the HLM results, some basic information about these factors utilized in the HLM models is provided.

Means by Race of the New Instruction-Related Factors Created for HLM Analyses

As described in the previous chapter, a factor analysis of the dozens of reform-oriented instruction-related variables in the NAEP data sets resulted in the identification of 9 factors at grades 4 and 8, with some of these resulting from binary recoding of the original NAEP variables, and others being composites of 2 or more variables.  The means and standard errors for these variables are given in Tables 3.7 and 3.8, by student race/ethnicity.  Given that a total of 56 t-tests were used to compare the White, Black, and Hispanic means for each of the instruction-related variables, it is appropriate to hold p < .05/56 = .0009 as the standard for determining statistical significance, using the Bonferroni correction for multiple comparisons.
  Significance at both the p < .05 and p < .0009 levels are noted in the tables.

INSERT TABLES 3.7 AND 3.8

At 4th grade, there were no significant race-related differences in teacher emphasis on reasoning and facts/skills, teacher knowledge of the NCTM Standards, and collaborative problem solving.  Black and Hispanic students were at least as likely as White students to have access to manipulatives, a non-number curricular emphasis, and opportunities to write about mathematics in their mathematics classes.  For example, whereas White students were 0.05 standard deviations below the mean for use of manipulatives, Black students were 0.12 standard deviations above the mean.  Similar patterns occurred for both non-number curricular emphasis and writing about mathematics.  In these areas, Black students actually appeared to be getting slightly more access to reform-oriented instruction than were their White peers (with means for Hispanic students generally in between those for Black and White students).  However, consistent with the results discussed above, Black and Hispanic students were also more likely to be assessed with multiple choice tests than were White students.  For example, 44% of White students were assessed with multiple choice tests no more than once or twice a year, whereas this percentage was 30% for Black students and 32% for Hispanic students (because this is a binary variable, the means can be interpreted as percentages).  These percentages are consistent with the data in Figure 3.6, which shows, for example, that 70% of Black 4th graders are assessed with multiple choice assessments at least monthly (leaving the 30% who are assessed at most once or twice a year).

At grade 8, there were more similarities than differences in Black, White and Hispanic students’ access to teacher knowledge about NCTM and an emphasis on facts and skills.  Similar to grade 4, Black students appeared to have more access to several reform-oriented practices, such as a non-number curricular emphasis, teacher emphasis on reasoning, manipulatives, writing about mathematics, and collaborative problem solving.  Means for Hispanic students on these measures again tended to fall between those for Black and White students.  For example, whereas White students were 0.06 standard deviations below the mean for collaborative problem solving, Black students were 0.23 standard deviations above the mean, and Hispanic students were in between at .06 standard deviations above the mean.  However, consistent with the results of NAEP’s original instruction-related variables presented previously, White 8th graders tended to have more access to calculators and were assessed less often with multiple-choice tests than were their Black and Hispanic peers.  

As explained in Chapter 2, there were three student-reported composites utilized in HLM analyses: student calculator use, collaborative problem solving in mathematics class, and student beliefs.  As shown in Table 3.9, a significantly higher percentage of Black (60%) and Hispanic (52%) 4th graders reported an above average use of calculators, compared with White (35%) students.  However, Table 3.10 indicates that the opposite is true at grade 8, where 54% of White/Asian students reported above average calculator use, compared with 39% of Black and 37% of Hispanic students.  At both grades 4 and 8, Black students were the most likely to report collaborating with peers on problem solving, with White students reporting the least amount of peer collaboration.  Finally, consistent with the descriptive data of the original student beliefs variables discussed previously, the mean level of agreement with the statements, “Mathematics is mostly memorizing facts” and “There is only one correct way to solve a mathematics problem,” was higher for Black and Hispanic students than for White students.

INSERT TABLES 3.9 AND 3.10

HLM Analyses of Instruction-Related Factors and Mathematics Achievement

The instruction-related differences by race discussed above could help shed light on possible causes of achievement gaps.  For example, if a non-number curricular emphasis correlates negatively with achievement, this fact combined with the fact that Black students appear more likely than White students to have a teacher with a heavier non-number curricular emphasis could suggest one possible explanation for achievement gaps.  Similarly, if calculator use at grade 8 correlates positively with achievement, the fact that White students have more access to calculators at grade 8 could shed light on one potential factor underlying achievement gaps.  

However, again, given that this is cross-sectional data, causal claims must be treated with great care (more on this will be discussed in the final section of this paper).  One important caution is that confounding variables could exist.  For example, the fact that more White students have access to calculators in grade 8 will likely mean that calculator access will correlate positively with achievement because more advantaged students are using them.  Hence, confounding variables, including student race and SES, school race and SES, student disability status, school sector, teacher background (grade 8 only) and the course students are taking (grade 8 only) must all be considered in all statistical models.  

Teacher-Reported Calculator Access as Examples of the HLM Models. 

Each of the 9 teacher-reported instructional themes were examined separately with several HLM models.  As examples of the models run with each of the 9 factors at 4th and 8th grades, Tables 3.9 and 3.10 present the set of models run with the 4th- and 8th-grade calculator use variables, respectively.

INSERT TABLES 3.11 AND 3.12

To interpret Tables 3.11 and 3.12, recall that the calculator use variable was recoded as binary, with 1 = above average and 0 = at or below average.  Also it is important to note that, although the variables involved in creating the composite “calculator use” variable were teacher-reported, the variables pertained to students’ permitted use of calculators.  

At 4th-grade (Table 3.9), “Model 0” shows that students whose teachers report giving a higher than average amount of calculator access to students score an insignificant 0.68 points higher on the NAEP mathematics assessment than do students with teachers who report an average or below average amount of calculator access.  Models 1 and 2 remained constant for all grade 4 HLM analyses regardless of the instruction-related variable in question.  The base model (Model 1) shows that Black students, on average, scored about 23 points lower than other students (White and Asian students were the primary comparison group), whereas Hispanic students scored about 17 points lower.  In Model 2, we can see that student and school SES, gender, disability, and school sector all significantly correlated with achievement.  Specifically, an increase in one standard deviation in SES was associated with a 7.6 point increase in achievement at the student level, and 6.1 points at the school level.  Similarly, the slopes reported in model 2 indicate a 3.8 point advantage for males and a 30.3 point disadvantage for students with disabilities.  Additionally, the private school students in the sample actually performed a significant 4.8 points lower than the public school students sampled. 
  The slope for percent White/Asian at the school level tended to oscillate between barely significant and insignificant on the various models (collinearity with school SES and student-level race is likely an issue).

In Model 3, we see that once all of these potentially confounding variables are controlled, students whose teachers report giving a higher than average amount of calculator access to students score an insignificant 0.1 point lower on the NAEP mathematics assessment than do students with teachers reporting an average or below average amount of calculator access in their classrooms.  Finally, Model 4 controls for all of these factors and also includes interaction terms to examine whether calculator access correlates more closely with achievement for some subgroups than others.  None of the interaction terms were significant.

At 8th-grade (Table 3.12), “Model 0” shows that students whose teachers report giving a higher than average amount of calculator access to students score an average of 14.2 points higher on the NAEP mathematics assessment than do students with teachers who report an average or below average amount of calculator access.  However, again, given that more White and higher-SES 8th graders had teachers who reported allowing more access to calculators, this finding is not surprising and does not mean that the calculator access or the type of instruction it represents really influences achievement.  This model is included to show the possible reduction in the HLM coefficient for teacher-reported calculator use once demographic variables are controlled.

The base model (Model 1) shows that Black students, on average, scored 30 points lower than other students (White and Asian students were the primary comparison group), whereas Hispanic students scored about 25 points lower.  In Model 2, we can see that student and school SES, school race, gender, disability, algebra course taking, and secondary math certification all correlate significantly with achievement.  Specifically, an increase in one standard deviation in SES was associated with a 6.7 point increase in achievement at the student level, and 3.8 points at the school level.  Similarly, the slopes reported in model 2 indicate a 3.1 point advantage for males, a 31.8 point disadvantage for students with disabilities, and a 26.2 point advantage for students in algebra.  This model also reveals that students whose teachers were certified in secondary mathematics scored 5.8 points higher than their peers, even after controlling for demographic variables.
  The slope for percent White/Asian at the school level tended to oscillate between barely significant and insignificant on the various models (collinearity with school SES and student-level race is likely an issue here).

In Model 3, we see that once all of these potentially confounding variables are controlled, students whose teachers report giving a higher than average amount of calculator access to students score a significant 4.7 points higher on the NAEP mathematics assessment than do students with teachers reporting an average or below average amount of calculator access.  We also see that, although calculator access significantly predicts achievement, and although White students have more access to calculators than do Black and Hispanic students, the reduction in the slopes (gaps) for Black and Hispanic students after including calculator access in the model was only 0.1 for Black students and 0.0 for Hispanic students.

Finally, Model 4 controls for all of these factors and also includes interaction terms to examine whether the relationship between calculator access and achievement differs across race, SES and gender groups.  None of the interaction terms were significant, although the p-value for the Hispanic interaction term was nearing significance at roughly 0.1.  The –4.2 point slope for the “teacher calculator x Hispanic” interaction term indicates that the 4.8 point advantage for students with above average calculator access is reduced to a mere 0.6 points for the Hispanic students in the sample.  However, given the lack of statistical significance for this and the other interaction terms, we do not conclude that calculator use is generally more or less advantageous for particular subgroups of students.  

Summary of HLM Results—Teacher-Reported Factors

Each of the 9 instruction-related themes were treated in this manner, with the final results condensed and presented in Table 3.13. 

Relationship between instruction and achievement.  The HLM coefficient for each instruction-related measure is presented in this table, each taken from a model similar to Model 3 in Tables 3.11 and 3.12.  In each case, a positive HLM coefficient indicates that a NCTM Standards-based practice positively predicts achievement after controlling for student- and school-level demographics and other potentially confounding variables. 

INSERT TABLE 3.13

What is striking in Table 3.13 is that in every case in which a significant correlation was found, the direction of the correlation was positive.  Factors that positively predict achievement at both 4th and 8th grades after controlling for confounding variables are collaborative problem solving and teacher knowledge of the NCTM Standards (although the distinction between very knowledgeable and less than very was significant at 4th grade, whereas the distinction between not very knowledgeable and at least somewhat knowledgeable was significant at 8th grade).  Non-number curricular emphasis was significant at grade 4 only, whereas calculator use, reasoning, and a de-emphasis of facts and skills were significant at grade 8.   

Reduction of race-related gaps with teacher-reported variables.  The remaining columns of Table 3.13 show the difference between the Black and Hispanic slopes in Model 3 (see Tables 3.11 and 3.12) and their corresponding slopes in Model 2.  These differences indicate the amount of change in the slopes for Black and Hispanic students obtained when an instruction-related variable is added.  If an instructional practice correlates strongly with achievement, and if that practice is utilized much more with White students than with Black or Hispanic students, then we might see a substantial reduction in the slopes for Black and Hispanic students once we add the instructional variable to the model.  In order words, after controlling for the fact that Black and Hispanic students have less access to a beneficial instructional practice, we would see the Black and Hispanic coefficients decline.  However, the reductions in slope are non-existent for most of the instructional-related variables, and very small for the remaining variables.  Even when adding all 9 of the instruction-related variables together (see last row of Table 3.13), the reduction in the slopes was .2 or less at both 4th and 8th grades.  

Hence, these results indicate that the disparities in reform-oriented instruction, as measured in these models by the teacher-reported NAEP data, do not help explain much of the race-related achievement gaps (Tables 3.11 and 3.12).  However, the reader must remember that the cross-sectional data utilized in this study are not optimal for measuring instructional effects on student achievement (Rowan, Correnti, & Miller, 2002).  (More on this issue will be discussed in the following chapter).

Student-Reported Calculator Use

Given that the teacher-reported calculator composite correlated positively with achievement at 8th grade, and given that four student-reported variables pertained to the degree of calculator use from a student’s standpoint, the student-reported calculator composite was examined to determine whether it would behave similarly.  Although there was a positive relationship between student-reported calculator use and achievement at grade 8, that relationship was no longer significant after demographic variables were included in the model (see Table 3.14).  However, a strong negative relationship between student-reported calculator use and achievement existed at grade 4 and persisted when controlling for demographic variables.  Specifically, students who reported using calculators at an above-average frequency scored almost 18 points lower than did students reporting a below-average frequency.  Given that the teacher-reported calculator composite did not exhibit this negative relationship with achievement, this negative correlation might be due to a tendency for low-achieving students to rely on calculators, rather than there being a detrimental effect of calculator use.  Further discussion of this issue is included in the concluding chapter.

INSERT TABLE 3.14

Student-Reported Collaborative Problem Solving

Given that the teacher-reported collaborative problem solving composite correlated positively with achievement at both 4th and 8th grades, and given that two student-reported variables pertained to collaborative problem solving, a composite of the two student-reported variables was examined to determine whether a positive correlation between it and achievement would also be found.  As presented in Table 3.14, the student-reported composite actually correlated negatively with achievement at grade 4.  There was no significant relationship between the 8th grade composite and achievement.

Student-Reported Beliefs

One major limitation of the instruction-related variables discussed thus far is that they pertain only to the type of instruction students received at the time of the NAEP assessment.  Student beliefs about mathematics learning, on the other hand, are arguably a better measure of the cumulative experiences that students have had in mathematics classrooms and elsewhere.  Given the race-related disparities in students’ beliefs about mathematics learning being memorization of facts and about there being a single correct solution path, it is important to examine the relationship between these student beliefs and achievement.  

As indicated in Table 3.14, at both 4th and 8th grades, the more students disagreed with the statements “learning mathematics is mostly memorizing facts” and “there is only one correct way to solve a mathematics problem,” the higher they tended to score on the NAEP mathematics assessment.  Even after controlling for race and other demographic variables, the HLM coefficients remained highly significant, with an increase in one standard deviation of the belief variable yielding an increase of 5.8 points at grade four and 3.8 points at grade eight.  On average then, a 4th grader near the bottom of the distribution (5th percentile on the scale, indicating strong agreement with the statements) scored roughly 23 points lower, on average, than a student near the top of the distribution (95th percentile, indicating strong disagreement).  This difference was approximately 15 points at grade 8.  At both 4th and 8th grades, this was a substantial relationship and was stronger than that involving any of the teacher-reported variables examined in this study.
  


Reduction of Race-Related Gaps with Student-Reported Variables

Four columns of Table 3.14 show the change in the Black and Hispanic slopes that occurred after adding the student-reported instructional variables.  Compared with the very small changes that resulted from adding teacher-reported variables, the Black and Hispanic slopes were substantially reduced when adding student-reported calculator use at grade 4.  Decreases were also evident upon adding student collaborative problem solving at grade 4, and upon adding beliefs at grades 4 and 8.  These results indicate that differences in students’ use of both calculators and collaborative work at grade 4, as well as in their beliefs at both grades 4 and 8, could account for a substantial portion of race-related mathematics achievement gaps.  However, again, causal conclusions should not be drawn from this analysis (more on this in the following chapter).  
Interaction Effects

Given that 9 teacher-reported and 3 student-reported variables were examined at each grade level, and given that four different interaction effects (Black, Hispanic, SES, and gender) were considered for each of those variables, a total of 96 interaction effects were examined.  Of these 96, only 2 teacher-reported and 5 student-reported variables had interaction effects with p < .05.  Given the number of interaction effects examined, it can be argued that it is more appropriate to hold p < .05/96 = .0005 as the standard for significance, using the Bonferroni correction for multiple comparisons.  None of the 96 interactions met this more stringent criterion.  The 7 interactions that met the p < .05 significance level are shown in Table 3.15. 

INSERT TABLE 3.15

The three interactions involving gender were significant at only the .05 level.  Given the multiple interaction effects examined, and given the lack of a consistent pattern in the meaning of the three gender-related interactions, these interactions could very well be specific to the 2000 NAEP sample and not generalizable.  

However the three interactions involving SES appear to follow a more consistent pattern, and they were all significant (p < .01).  According to these interaction effects, the coefficients for non-number curricular emphasis, student-reported calculator use, and student-reported collaborative problem solving were greater for high-SES students than for low-SES students.  

As a specific example of what these interactions mean, the SES interaction with 4th grade teacher-reported, non-number curricular emphasis will be explained more fully.  As shown in Table 3.13, a student (of average SES) who had a teacher with non-number emphasis one standard deviation above the mean, scored an average of 1.6 points higher than a student whose teacher reported an average amount of emphasis on non-number topics.  However, given the interaction effect reported in Table 3.15, if a student were 1 standard deviation above the mean in terms of SES, that non-number curricular emphasis advantage would actually be 1.6 + 1.2 = 2.8 points.  

In the cases of student-reported calculator use and collaborative problem solving, which have negative coefficients (see Table 3.14), the coefficients for high-SES students would be greater (closer to 0). than the coefficients for low-SES students.  

The three SES interactions suggest that there are aspects of reform-oriented instruction that could further the advantages of high-SES students.  Additionally, the fact that the interaction between student-reported calculator use and both Black and low-SES students were significant and positive might suggest that the low-achieving students who depend on calculators as a “crutch” as opposed to a learning tool, tend to be Black and low-SES.  However, again, we must be cautious in interpreting these findings.  Limitations of this study and additional cautions are discussed more thoroughly in the next chapter. 

CHAPTER 4: DISCUSSION & CONCLUSIONS

After a decade of reform intended to change mathematics instruction and reduce inequities, much work remains.  NAEP data indicate that major shifts in instruction have occurred.  For example, in 1990, only 32% of 8th graders had teachers who reported that they permit the use of calculators on tests.  By 2000 that percentage had doubled.  Additionally, mathematics achievement increased significantly for White, Black and Hispanic students of both low and high SES between 1990 and 2000.   However, according to NAEP data, inequities in mathematics outcomes did not improve between 1990 and 2000, and Black-White and Hispanic-White gaps appeared to increase at 8th grade.
  

The persistent nature of the achievement gaps between racial/ethnic groups raise the question of how these gaps in performance can be explained.  The fact that White, lunch-eligible students outscored Black and Hispanic students ineligible for free or reduced lunch is particularly striking.  Even with the much more powerful SES variable developed in this study, the majority of the race-related gaps remained unexplained after controlling for SES and other demographic variables in the HLM models.

It should be noted that even when gaps appear to be rooted in “SES” differences, such differences do not actually “explain” the gaps (Secada, 1992).
  But race-related gaps that persist after considering SES and other demographic variables raise further questions about explanatory factors.
  By examining race-related disparities in students’ access to instructional practices and beliefs that correlate with mathematics achievement, this study shed light on some factors that could contribute to achievement gaps.

Summary of Findings

This study examined the instructional practices occurring within students’ mathematics classrooms.  There are several aspects of students’ beliefs and classroom experiences that did not correlate with achievement disparities.  For example, Black and Hispanic students were at least as likely as White students to report liking mathematics,  and to have access to manipulatives, “real-life” mathematics problems, writing in mathematics class, student collaboration, and mathematics instructional time.  Moreover, no consistent, significant differences by student race were found in teachers’ reported knowledge of the NCTM Standards, their reported emphasis on many central tenants of the Standards, and their feelings of preparedness to teach the content strands outlined in the Standards.  

However, this study identified areas of potential instructional disparities.  First, the wide variation in the race-related gaps across the five mathematics strands suggested that curricular variation across schools and classrooms might underlie some portions of these gaps.  For example, White 8th graders scored a full 59 points higher in measurement than Black 8th graders, compared with a 33-point gap in algebra and a 34-point gap in number.  However, given the lack of teacher-reported differences in curricular emphases that aligned with student race, it is possible that the type of items within each strand, as opposed to differences in instructional emphasis on each strand, contributed to the patterns noted here.  For example, the measurement strand might contain a relatively high concentration of open-ended items, which tend to have larger race-related disparities than multiple choice items (Strutchens and Silver, 2000).  

Black and Hispanic students had less access to calculators in their 8th grade mathematics classrooms, and they were more often assessed with multiple choice tests at both grades 4 and 8.  Additionally, there were race- and SES-related differences in students’ beliefs that there is only one correct way to solve a mathematics problem and that mathematics learning is primarily fact memorization.  The examination of race/class interactions conducted indicated that these instructional differences between Black and White students persisted after controlling for student SES.  

Prior to this study, the question remained whether reform-oriented instructional practices such as calculator use and limited multiple-choice assessment use, as well as student beliefs consistent with such practices, actually correlate positively with achievement once demographic variables are controlled.  If there is no correlation or a negative correlation between these factors and achievement, then the disparities should not be a cause for concern.  

The HLM analyses revealed that both 8th-grade student calculator use (as reported by teachers) and 4th and 8th grade student beliefs (that math is not just fact memorization and that there are multiple ways to solve mathematics problems) significantly and positively correlated with achievement.  More generally, the HLM analyses of the various teacher-reported instructional variables indicated that when Standards-based practices correlated with achievement, that correlation was positive, even after controlling for demographic and other relevant variables.  Additional teacher-reported factors that positively correlated with achievement at both 4th and 8th grades were collaborative problem solving and teacher knowledge of the NCTM Standards.  Non-number curricular emphasis was significant at grade 4, and both reasoning and a de-emphasis of facts and skills were significant at grade 8.  

However, the HLM analyses of the student-reported calculator use and collaborative problem solving variables presented a different picture.  Student-reported calculator use did not correlate with achievement at grade 8, and there was a very strong, negative relationship between 4th-grade student-reported calculator use and achievement.  Similarly, student-reported collaborative problem solving showed no relationship with achievement at grade 8 and a negative relationship at grade 4.  However, again, student beliefs consistent with NCTM reforms correlated positively with achievement at both grades 4 and 8.

Race, SES, and gender interaction effects were considered for each of the teacher- and student-reported instruction-related variables examined with HLM models.  These analyses revealed that the HLM coefficients for non-number curricular emphasis and student-reported collaborative problem solving were greater for high SES students than low-SES students.  Similarly, student-reported calculator use coefficients were lower for both low-SES and Black students.  However, the fact that 96 different interactions were examined implies that caution must be used in generalizing these findings to the general population.  Yet it is fair to say that for this sample of students, non-number curricular emphasis and student-reported collaborative problem solving had a stronger (“more positive”) relationship with achievement for high-SES 4th graders than for their low-SES peers.  Similarly, the negative coefficient for 4th grade student-reported calculator use was “less negative” (closer to 0) for high-SES, White students.  

Discussion of Findings

Taken together, the findings from this study are consistent in some ways, but apparently conflicting in others.  The results consistently indicated that teacher-reported, reform-oriented instructional variables correlated positively with achievement if they correlated at all.  Hence, this study would seem to add evidence to the growing pool of research regarding benefits of instruction that is consistent with the NCTM Standards (e.g., Newmann & Wehlage, 1995; Schoenfeld,  2002; Senk & Thompson, 2003).  At the very least, there is no evidence from this study’s HLM analyses of teacher-reported variables to suggest that if teachers deemphasize computational skills and emphasize non-number curricular strands, that they are harming their students’ achievement.  

The strong negative relationship between 4th-grade student-reported calculator use and achievement will likely cause some to conclude that teachers should restrict 4th graders’ access to calculators.  It is quite likely that those 4th graders who have had difficulty learning computational skills, are more likely to use calculators to perform computations.  The strength of the negative correlation between student-reported calculator use and achievement at 4th grade suggests that struggling students are, indeed, relying on calculators more than their more successful peers.  Such calculator use does not necessarily cause lower achievement, however it is possible that reliance on calculators sustains poor achievement.  Although a causal relationship cannot be determined, these findings raise a caution that struggling mathematics students might tend to rely on calculators in a way that perpetuates their struggles.  This is a particularly important caution to consider, given the interactions between student-reported calculator use and both SES and race.  That is, both low-SES and Black students in the sample had even larger negative effects for student-reported calculator use than their more advantaged peers.  Additionally, the slopes (gaps) for Black and Hispanic students decreased by 3.1 and 2.2 points, respectively, upon adding the student-reported calculator use variable to the 4th-grade model.  Although, again, causal conclusions should not be assumed, these results suggest that further examinations of student-initiated calculator use could be important not only for promoting general mathematics achievement, but for improving equity.  

However, one must view these findings on student-reported calculator use in conjunction with the fact that there was no significant relationship between teacher-reported classroom calculator access for 4th graders and their achievement.  Hence, this study’s findings support the promotion of neither general restrictions on, nor expanded uses of calculators in 4th-grade classrooms.  Still, although the findings do not support classroom-wide bans on calculators, teachers and parents should be aware of students’ uses of calculators and work to ensure that calculators operate as a facilitator of, not an obstacle to, mathematical understanding and proficiency.  

The results regarding collaborative problem solving at 4th grade suggest a similar caution.  Although teacher-reported collaborative problem solving correlated positively with achievement at grades 4 and 8, the correlation between student-reported collaborative problem solving was negative at grade 4, with the interaction effects revealing that the coefficient was more strongly negative for low-SES students than high-SES students.  As with calculator use, these findings do not support classroom-wide restrictions on group work, but instead suggest a caution about ensuring that students who participate in these groups actually benefit as intended – especially low-SES students. 

Despite the cautions the student-reported calculator variable raises at 4th grade, the teacher-reported calculator variable correlated positively with 8th grade achievement.  Classroom calculator use was also more accessible to White 8th graders than Black and Hispanic 8th graders.  However, before leaping to the conclusion that more calculators should be used with Black and Hispanic students in order to reduce achievement gaps, several caveats are in order.  First, the reduction in achievement gaps obtained when adding the teacher-reported calculator variable to the model was only .1 for Black students and 0 for Hispanic students.  Additionally, there was no significant relationship between 8th-grade student-reported calculator use and achievement.  Hence, it is not necessarily the actual use of calculators that produces benefits but could instead be the type of instruction (e.g., a de-emphasis on practicing and assessing computational skills in exchange for more challenging problem solving activities perhaps) that calculator access represents at grade 8.  Similarly, it could be that teachers are simply more likely to allow calculator use among their higher achieving students, and therefore higher achievement might “cause” 8th grade calculator use and not the other way around.  By including the “In algebra” variable at grade 8, we attempted to control for this issue, but this binary course variable was, admittedly, a rough control.  

The overall implications of this study for ways to improve equity are not entirely clear or direct.  The reductions in achievement gaps produced by adding the teacher-reported instructional variables to the models were very small.  Additionally, some instructional practices that correlated positively with achievement were actually used more with Black and Hispanic students than with White students.  For example, Black and Hispanic students were at least as likely as White students to have teachers who reported having collaborative problem solving and non-number curricular emphases in their classrooms—two variables that correlated positively with achievement.  Instead of illuminating possible causes of achievement gaps, these facts seem to only further complicate the search for instruction-related causes of achievement gaps.  

However, this study did reveal some ways in which mathematical instructional practices differ by race.  These differences included 8th grade calculator use, multiple choice assessment use, as well as differences in students’ beliefs that there is only one correct way to solve a mathematics problem and that mathematics learning is primarily fact memorization.  These instruction-related differences persisted after controlling for student SES.  The differences in student beliefs are a particularly important indicator because they are the only variables that represent an accumulation of experiences across students’ lives, as opposed to the data specific to what is occurring in one particular mathematics class.  Moreover, these beliefs persistently correlated with achievement at grades 4 and 8 even after controlling for confounding variables.  However, the classic chicken-and-the-egg question of whether the beliefs shape achievement or achievement shapes beliefs emerges.  Given the results of this study, it is certainly worth considering whether instructional interventions designed specifically to change Black and Hispanic students’ beliefs might help close achievement gaps; however, one cannot conclude that a change in beliefs will necessarily yield a change in achievement.
 

Limitations

As noted above, one cannot conclude that the practices that correlated positively with achievement in this study actually caused higher achievement.  The instructional practices reported for each student are only those the student is encountering at the time the NAEP assessment is administered.  Hence, students’ experiences in previous years with other teachers are not necessarily reflected in the NAEP classroom practice data.
  More fundamentally, as in the calculator example, it could be that higher-achieving students are more likely to be taught in particular ways, and so the causal direction is actually reversed (i.e., higher achievement leads to particular forms of instruction).   

There are several additional cautions to be discussed.  First, NAEP classroom practices data are based on teacher and student self-reports, and differences in question interpretations or perceived pressure to portray instruction in particular ways could have affected student and teacher responses to questions.  Additionally, meaningful differences might be masked in the data on teacher instructional practices.  The three- or four- point scales used on most of the teacher survey items was rough and likely insensitive to qualitative differences in teacher practices and emphases.  If teacher practices were measured with more sensitive measures, and if the data were not cross-sectional but instead included measures of student growth during long-term exposure to various instructional practices, it is likely that we would see a greater instructional impact on achievement and race-related gaps than what is indicated here (Rowan, Correnti, & Miller, 2002)  More significant interactions between student race, SES, and/or gender and particular instructional practices might also be uncovered.
 

There are many facets not included in NAEP assessments that are likely important factors in shaping students’ beliefs, instructional practices, and achievement gaps, and there are still other factors that were included in the NAEP survey data but are simply beyond the scope of this study.  Examples include class size, teachers’ expectations of students, teachers’ involvement with students outside of the classroom, the subject matter and pedagogical knowledge of teachers (which is not always accurately measured by degrees received and courses taken) and many more subtle aspects of students’ opportunities to learn mathematics (e.g., see Tate, 1995).  

Future longitudinal studies of achievement trends should further consider interactions among race, SES and gender, including the question of whether various instructional methods predict achievement similarly for various groups of students.  Additionally, more in-depth, qualitative studies are needed to examine underlying causes of race, SES and gender patterns in students’ experiences in mathematics classrooms.

Concluding Comments/Further Research

Current reforms in mathematics education, led by the National Council of Teachers of Mathematics, are intended to rectify past inequities by offering all students a mathematics education centered around mathematical problem solving and critical thinking.  Although there are “surface features” of reform, such as manipulative use and collaborative activities, that appear to be implemented with Black and Hispanic students at least as much as with White students, there were significant disparities in students’ beliefs, as well as a tendency for White students to be allowed more calculator access (at grade 8) and to be assessed less often with multiple choice tests.  These differences suggest ways in which White students—especially those of high-SES—are experiencing more of the fundamental shifts called for by NCTM.  Such shifts involve teachers and students moving away from a conception of mathematics learning as memorization and computational rule practice to one that emphasizes student reasoning and problem solving.  

Additionally, the examination of race/SES interactions indicated that the instructional differences between Black and White students persisted after accounting for student SES.  Although the instruction-related differences identified in this study might appear minor when compared with the many similarities (and even reverse patterns) reported in classroom practices, the differences in both student beliefs and some classroom experiences align with the disparities found by Anyon (1981) in her examination of social class and differences in instructional/curricular practices.  However, this study indicates that such differences in practice appear related to students’ race as well as their social class, with high-SES Black students likely to encounter many of the practices that low-SES students generally encounter.  This provides some evidence of ways in which almost 50 years after Brown v Board, schools seem to continue to employ unequal educational practices with students on the basis of race, in addition to SES.  The fact that reform-oriented student beliefs, as well as several instructional variables that would seem to correspond with those beliefs, were found to be significant predictors of achievement even after controlling for potential confounding variables, indicates the potential importance of these disparities.  

This study raises, but does not answer, questions regarding the reasons for instructional and belief disparities between White and minority students.  One common explanation is that teachers have low expectations of minority and lower-SES students and, therefore, emphasize only basic, low-level skills when teaching these students (e.g., Ferguson, 1998a).  Yet perhaps a more complex interpretation should be considered.  Administrative support for teachers, community expectations of teachers, and student resistance to particular instructional methods could all be factors in determining which students receive Standards-based instruction.

It could be, for example, that race- or SES-related differences in students’ views about mathematics learning initially stem from cultural differences at home, that teachers then adapt to and magnify through instruction.  It is interesting, for example, that African American students appear to be doing more collaborative group activities than white students—something that Stiff (1990) argues is compatible with most African American students’ home learning styles.  Other scholars have argued that White, middle-class child-rearing styles tend to emphasize questioning and critical thinking instead of following rules and memorizing (Hart & Risley, 1995; Heath, 1983; Lareau, 2002).  Hence, these studies raise the question about the extent to which the race- and SES-related differences in student beliefs and learning practices identified might be partially rooted in differences in students’ home environments, as opposed to simply differential teacher expectations based on faulty stereotypes.  More in-depth, sociocultural studies are needed to address such questions.
  

In this study, it appeared that some aspects of reform-oriented instruction, such as a non-number curricular emphasis, could further advantage high-SES students.  However, again, causal conclusions cannot be drawn from this cross-sectional data.  When utilizing the Bonferoni correction for multiple comparisons, the interactions were not significant.  Additional studies with longitudinal data and more sensitive measures of instruction are needed to further examine interaction effects in order to determine the most effective instructional practices for under-served student groups.

One contribution this study makes to our understanding of NAEP-related research more generally is an illumination of some of the strengths and weaknesses of the NAEP background variables.  The fact that when put in a factor analysis, most teacher-reported instruction-related variables “clumped” and correlated with each other in sensible ways, as well as the fact that some significant relationships between student demographics and various instructional factors were found, indicate that the NAEP mathematics teacher survey questions are, indeed measuring some aspects of variability in instruction.  

However, the fact that Black and Hispanic students seemed to have more access than White students to several aspects of reform-oriented instruction (e.g., collaborative problem solving) and yet less access to other aspects of reform-oriented instruction (e.g., calculators at grade 8, and practices that produce beliefs consistent with reform-oriented views on mathematics learning) could raise questions about the sensitivity of the NAEP instruction-related variables to pick up on some important aspects of instruction.  Perhaps ways can be found to go beyond asking teachers about surface features of classroom life (e.g., manipulative use, calculator use) and instead get more at the heart of the types of practices that produce substantially different beliefs in students about the nature of mathematics learning.  Perhaps asking students and teachers questions about where authority for determining correct answers really lies (teacher, textbook, or students), or asking teachers more specific questions about the percentage of time in or across typical class periods that various activities (e.g., teacher lecture or students practicing computation) occur would also help make the variables more sensitive to meaningful differences in instruction.  (Additional suggestions about ways in which NAEP might become a more effective and user-friendly research tool are included in Appendix B.)   

However, the apparent contradiction between White students seeming to receive less of some reform-oriented practices while also developing beliefs that are consistent with the NCTM Standards also points to the importance of scholars moving away from dichotomous definitions of instruction as either traditional or reform-oriented.  With minority students having teachers who tend to score high on some reform measures and low on others, it is likely that teachers are adapting and combining various instructional techniques as they see fit.  Additionally, the differences in the relationships with achievement exhibited by student- and teacher-reported versions of similar variables raise other questions about variation between students within a classroom in terms of their engagement with their teacher’s intended instructional practices.  That is, perhaps a teacher’s instructional practices are experienced by individual students in substantially different ways.  

Overall, researchers should continue to examine instructional and achievement inequities, considering both macro-level causes not considered here, such as school funding disparities, as well as rarely examined micro-level factors, such as ways in which students in different cultural groups might receive different messages from home about the nature of mathematics learning and how such messages impact students’ approaches to learning mathematics in school.  

With NCTM’s (2000) recent affirmation of its vision of mathematical power for all, it is particularly important that researchers continue to monitor and seek to address inequities in both outcomes and instructional practices that relate to such outcomes.  The NAEP offers one avenue for examining disparities in achievement, student/teacher attitudes, and classroom practices.  The patterns identified in this study set the stage for additional longitudinal and qualitative studies that examine causes of, and ways to address, the inequities identified here.
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APPENDIX A

Teacher-Reported Variables Initially Considered in Instruction-Related Factor Analysis

	
	Grades Available in 2000

	
	4 
	8
	12

	STUDENT COLLABORATION 
	
	
	

	How often do the students in this class discuss solutions to mathematics problems with other students? [T044509]


	x
	x
	

	How often do the students in this class solve mathematics problems in small groups or with a partner? [T044512]


	x
	x
	

	How often do the students in this class talk to the class about their mathematics work?  [T044516]


	x
	x
	

	TOOLS/TECHNOLOGY USAGE
	
	
	

	Do you permit students in this class unrestricted use of calculators? [T045401]


	x
	x
	

	Do you permit students in this class to use calculators for tests? [T044801]


	x
	x
	

	How often do the students in this class use a calculator? [ T044505]


	x
	x
	

	Do you provide instruction in the use of calculators? [T044901]
	x
	x
	

	How often do the students in this class use a computer? [T044506]


	x
	x
	

	If you do use computers, what is the primary use of these computers for mathematics instruction? [T057601]


	x
	x
	

	How often do the students in this class work with objects like rulers? [T044513]


	x
	x
	

	How often do the students in this class do each of the following? Work with counting blocks or geometric shapes  [T044514]


	x
	
	

	PROBLEM SOLVING/ASSESSMENT
	
	
	

	How often do the students in this class do mathematics problems from textbooks? [T044501]
	x
	x
	

	How often do the students in this class work and discuss mathematics problems that reflect real-life situations? [T044510]


	x
	x
	

	How often do students in this class take mathematics tests? [T044515]
	x
	x
	

	How often do the students in this class write reports or do mathematics projects? [T044508]


	x
	x
	

	How often do the students in this class write a few sentences about how to solve a mathematics problem?  [T044507]


	x
	x
	

	How often do you use multiple-choice tests to assess student progress in mathematics?  [T057401]

	x
	x
	

	How often do you use problem sets to assess student progress in mathematics? [T057402]
	x
	x
	

	How often do you use short (e.g., a phrase or sentence) or long (e.g., several sentences or paragraphs) written responses to assess student progress in mathematics?  [T057403]


	x
	x
	

	How often do you use individual or group projects or presentations to assess student progress in mathematics?  [T057404]

	x
	x
	

	TEACHER EMPHASIS AREAS
	
	
	

	Think about your plans for this mathematics class for the entire year.  How much emphasis did you or will you give numbers and operations?  [T075301]


	x
	x
	

	How much emphasis did you or will you give measurement? [T075302]


	x
	x
	

	How much emphasis did you or will you give geometry? [T075303]  


	x
	x
	

	How much emphasis did you or will you give data analysis, statistics, and probability? [T075304]


	x
	x
	

	How much emphasis did you or will you give algebra and functions (informal introduction of concepts)  (used in 4th but not 8th grade)
[T075305]


	x
	(x)
	

	How much emphasis did you or will you give learning mathematics facts and concepts? [T075306]


	x
	x
	

	How much emphasis did you or will you give learning skills and procedures needed to solve routine problems  [T075307]


	x
	x
	

	How much emphasis did you or will you give developing reasoning and analytic ability to solve unique problems? [T075308]


	x
	x
	

	How much emphasis did you or will you give learning how to communicate ideas in mathematics effectively? [T075309]


	x
	x
	

	 How much emphasis did you or will you give developing an appreciation for the importance of mathematics? [T075701]


	x
	x
	

	TEACHER  KNOWLEDGE OF NCTM
	
	
	

	How knowledgeable are you about the NCTM Curriculum and Evaluation Standards for School Mathematics?  [T057101]


	x
	x
	


Table Note:  These variables are organized as originally conceived before conducting factor analyses.  The items in bold are those that were ultimately utilized as instruction-related variables after the factor analyses were conducted.  The variables deleted are those that both did not cluster closely with other variables and upon further consideration were considered less central to the primary instructional principles of current NCTM reforms.

APPENDIX B

A Note to NAEP Staff 

From Sarah Lubienski

Throughout my work on this study, I jotted down occasional notes that I thought might be helpful for those in charge of NAEP.  My hope is that these comments will help make NAEP an even more effective and user-friendly tool for conducting research on instruction and achievement.

First, I would like to acknowledge several people associated with NAEP and/or ETS who provided valuable support for this study.  First, I would have never become involved with NAEP if it were not for the kind help of Al Rodgers.  From my initial NCES training session and throughout my work on this study, Al has generously provided advice whenever called upon.  Second, David Freund, Frank Jenkins and Bruce Kaplan provided helpful advice about the NAEP weights and other important issues at critical junctures in this study.  Finally, Alex Sedlacek, Steve Gorman, and Nada Ballator also provided guidance and information, including where to go for specialized help when needed.

There were two particularly confusing issues related to NAEP variables that I encountered, and I suspect others attempting secondary analysis of NAEP might struggle with these as well.  First, the labels for the “school code” versus the “PSU/school code” were unclear to me.  It seemed reasonable to assume that “school code” would be a unique identifier for schools.  I felt fortunate to have realized earlier rather than later in the study that PSU/school code that was the correct identifier.  Clearer labeling or descriptions of these variables might be helpful for future secondary analysts.  

A second source of confusion was that of “school weight.”  It seemed reasonable to think that “schwt” would be the school weight to use in analyses.  However, with the help of some of the ETS staff named above, I learned that five weights needed to be multiplied together to obtain a school weight.  It would be great if the raw data could arrive with this multiplication already completed, providing a ready-made school weight variable on the data CD.  

As part of this study, I spent considerable time creating an SES composite variable.  Although many researchers and policy makers are satisfied with lunch eligibility as an SES proxy, my results showed the relative weakness of lunch eligibility in comparison to a more comprehensive SES composite.  For the purposes of facilitating high-quality research that is sensitive to more subtle SES differences among students, I recommend the creation and inclusion of an SES composite in the raw NAEP data set.  Such a variable could consist of a compilation of relevant SES variables (like the composite used in this study).  I acknowledge, however, the difficulties of doing so (e.g., consistency across grades and years in the variables available, as well as scholarly and political disagreements about what constitutes SES.)

Finally, having examined the variables that were included and excluded in the more recent, 2003 data set, I have several concerns.  First, the instruction-related variables have been drastically reduced, making it impossible to monitor inequities in access to many important mathematics instructional practices.  Second, many of the variables that remain have been altered ever so slightly.  For example, for some variables, the response order has simply been reversed.  Such changes make it difficult to draw conclusions about trends, because the order of responses can affect results.  Overall, it would be nice if those immersed in secondary data analyses were consulted in some careful, systematic way before variable changes were implemented in order to better determine the unintended consequences that such changes can have.  (However, again, I realize that collecting and utilizing such advice from disparate groups would present difficulties.)

Finally, although I found most NCES and ETS employees very helpful when called upon, it was often difficult to know who to call upon when help was needed.  As a secondary analyst with little knowledge of the NAEP organizational structure, I was sometimes unsure about who to go to with particular questions.  Perhaps more importantly, I was unsure whether it was really OK to bother ETS employees and others with my questions (regardless of how nice they were when called upon).  It might be helpful for other secondary users of NAEP to have a directory of who does what within NAEP and to receive some guidance as to what type of help can reasonably be expected of various NCES, ETS, and other employees.  

Overall, I would like to thank those who funded this study.  I learned a great deal while doing it, and I hope to continue my involvement with NAEP in the future.  

As a final note, my work on this project has intersected with some of my other endeavors over the past few years.  Because of this, it was difficult to clearly identify the content that should be included and excluded from this report.  For example, additional analyses of gender and mathematics achievement (in conjunction with race and SES) were conducted.  Perhaps the most striking finding from these gender-focused analyses was that achievement gaps favoring males were largest for high-SES, White students and non-existent for most disadvantaged groups.  Although these results are very interesting, they are not discussed in this report in order to maintain a clearer, more manageable focus on race and SES.  Readers interested in further details of gender-related analyses should refer to Lubienski, McGraw, and Strutchens, in press.

TABLES

Table 2.1: Creating a Composite Student SES Variable Through Factor Analyses

	Grade
	KMO
	Rotated Eigenvalues
	Loadings

Factor 1
	Loadings factor 2 
	Regr. adjusted Rsq. with both factors predicting ach.


	Regr. adjusted Rsq. with linear combination of the 2 factors predicting ach. 



	4th Grade 

(.5% of students missing)


	.69
	1.9 factor 1

1.1 factor 2
	.74  lunch

.66 title 1

.62 comp home

.57 internet

-.03 studies home

.44 homeen
	.12  lunch

.11 title 1

-.3 comp home

.17 internet

.85 studies home

.53 homeen


	.26


	.25

	8th Grade

(5.6% of students missing)


	.76
	2.5 factor 1

1.4 factor 2
	.67 comp home

.65 dad ed

.63 homeen

.62 mom ed

.6 internet

.55 discuss

.14 title

.35 lunch
	.1 comp home

.25 dad ed

.08 homeen

.21 mom ed

.28 internet

-.45 discuss

.74 title

.68 lunch
	.24


	.24

	12th Grade

(2.8% of students missing)


	.74
	2.1 factor 1

1.6 factor 2
	.75 comp home

.65 internet

.56 homeen

.55 discuss

.52 dad ed

.50 mom ed

.05 title

.15 lunch


	.04 comp home

.19 internet

.24 homeen

-.23 discuss

.46 dad ed

.44 mom ed

.74 title

.71 lunch
	.22
	.22


Table 2.2: Teacher-Reported Instructional Variables Grouped By 9 Themes

	Question Asked of Teachers


	Possible Responses

	Calculators:
	

	How often do the students in this class use a calculator? 
	Almost every day, 1-2 times a week, 1-2 times a month, never or hardly ever

	Do you permit students in this class to use calculators for tests? 
	Yes, No

	Do you permit students in this class unrestricted use of calculators? 
	Yes, No

	Reasoning:
	

	Think about your plans for this mathematics class for the entire year. How much emphasis did you or will you give to developing reasoning and analytic ability to solve unique problems?
	Heavy emphasis, Moderate emphasis, Little/no emphasis

	Emphasis on Facts & Skills:
	

	Think about your plans for this mathematics class for the entire year. How much emphasis did you or will you give to learning mathematics facts and concepts?
	Heavy emphasis, Moderate emphasis, Little/no emphasis

	Think about your plans for this mathematics class for the entire year. How much emphasis did you or will you give to learning skills and procedures needed to solve routine problems?
	Heavy emphasis, Moderate emphasis, Little/no emphasis

	Think about your plans for this mathematics class for the entire year. How much emphasis did you or will you give to number and operations?
	Heavy emphasis, Moderate emphasis, Little/no emphasis

	Multiple choice assessment:
	

	How often do you use each of the following to assess student progress in mathematics? Multiple-choice tests (teacher-reported)
	1-2 times a week, 1-2 times a month, 1-2 times a year, Never or hardly ever

	Knowledge of NCTM standards:
	

	How knowledgeable are you about the National Council of Teachers of Mathematics (NCTM) Curriculum and Evaluation Standards for School Mathematics? (teacher-reported)
	Very knowledgeable, knowledgeable, Somewhat knowledgeable, Little/no knowledge

	Manipulatives:
	

	How often do the students in this class work with objects like rulers?


	Almost every day, 1-2 times a week, 1-2 times a month, Never or hardly ever

	How often do the students in this class work with counting blocks or geometric shapes?  (4th grade only)
	Almost every day, 1-2 times a week, 1-2 times a month, Never or hardly ever

	Collaborative Problem Solving:
	

	How often do the students in this class discuss solutions to mathematics problems with other students?
	Almost everyday, 1-2 times a week, 1-2 times a month, Never or hardly ever

	How often do the students in this class work and discuss mathematics problems that reflect real life situations?
	Almost every day, 1-2 times a week, 1-2 times a month, Never or hardly ever

	How often do the students in this class talk to the class about their mathematics work?
	Almost every day, 1-2 times a week, 1-2 times a month, Never or hardly ever

	How often do the students in this class solve mathematics problems in small groups or with a partner?
	Almost every day, 1-2 times a week, 1-2 times a month, Never or hardly ever

	Think about your plans for this mathematics class for the entire year. How much emphasis did you or will you give to learning how to communicate ideas in mathematics effectively?
	Heavy emphasis, Moderate emphasis, Little/no emphasis

	Non-number curricular emphasis:

Think about your plans for this mathematics class for the entire year:
	

	How much emphasis did you or will you give geometry?
	Heavy emphasis, Moderate emphasis, Little/no emphasis

	How much emphasis did you or will you give measurement?
	Heavy emphasis, Moderate emphasis, Little/no emphasis

	How much emphasis did you or will you give data analysis, statistics, and probability?
	Heavy emphasis, Moderate emphasis, Little/no emphasis

	How much emphasis did you or will you give Algebra and functions (informal introduction of concepts)?  (Note – Due to tracking at 8th grade, this algebra variable was used only at grade 4)
	Heavy emphasis, Moderate emphasis, Little/no emphasis

	Writing about Mathematics:
	

	How often do you use short (e.g., a phrase or sentence) or long (e.g., several sentences or paragraphs) written responses to assess student progress in mathematics? 
	1-2 times a week, 1-2 times a month, 1-2 times a year, Never or hardly ever

	How often do you use individual or group projects or presentations to assess student progress in mathematics? 
	1-2 times a week, 1-2 times a month, 1-2 times a year, Never or hardly ever

	How often do the students in this class write a few sentences about how to solve a mathematics problem?
	Almost every day, 1-2 times a week, 1-2 times a month, Never or hardly ever

	How often do the students in this class write reports or do mathematics projects? 

	1-2 times a week, 1-2 times a month, 1-2 times a year, Never or hardly ever


Table 2.3:  Teacher-Reported Instruction-Related Factors with Loadings:

	4th GRADE
	8th GRADE

	1) CALCULATORS (KMO = .6) 

How often stu use calcs  .72

Calcs allowed on tests  .79

Unrestricted calcs
.71
	1) CALCULATORS   (KMO = .7)   

How often stu use calcs. 88

Calcs allowed on tests .87

Unrestricted calc   .74

	2) REASONING

Emphasis on reasoning
	2) REASONING                 

Emphasis on reasoning 

	3) DE-EMPHASIZE FACTS & SKILLS  (KMO = .6)

Math facts/concepts  .83

Skills for routine problems  .74

Number/operations .70
	3) DE-EMPHASIZE FACTS & SKILLS (KMO = .7)

Math facts/concepts  .85

Skills for routine problems .81

Number/operations .74

	4) MULTIPLE CHOICE ASSESSMENT USE

How often students assessed with multiple choice
	4) MULTIPLE CHOICE ASSESSMENT USE

How often students assessed with multiple choice

	5) KNOWLEDGE OF NCTM STANDARDS


	5) KNOWLEDGE OF NCTM STANDARDS


	6) MANIPULATIVES 

Stu work w/ objects like rulers 

Stu work with blocks, shapes 
	6) MANIPULATIVES

Stu work w/ objects like rulers



	7) COLLABORATIVE PROBLEM SOLVING (KMO =. 8)
Stu discuss math w/ peers .84

Stu solve real life math problems .74

Stu talk about math work .72

Stu solve probs w/ other students .65

Emphasis on communication .62
	7) COLLABORATIVE PROBLEM SOLVING (KMO = .7)

Stu discuss math w/ peers .79

Stu solve real life math problems .64

Stu talk about math work .68

Stu solve probs w/ other students .59

Emphasis on communication .59

	8) NON-NUMBER CURRICULAR EMPHASIS (KMO = .7)

Geometry .78

Measurement .65

Data  .76

Algebra .69
	8) NON-NUMBER CURRICULAR EMPHASIS   
(KMO = .6)

Geometry  .80

Measurement  .77

Data  .73

(no algebra because of 8th grade tracking)

	9) WRITING ABOUT MATH (KMO = .6)

Assess written responses .76

Assess projects/presentations .70

Stu write about ps .76

Students do reports/projects. 67
	9) WRITING ABOUT MATH  (KMO =.7)

Assess written responses .73

Assess projects/presentations .76

Stu write about ps  .75

Students do reports/projects.71


Table 2.4:  Student-Reported Calculator-Related Variables:

	4TH GRADE (KMO=.7)
	8TH GRADE (KMO = .8)



	How often use calculator for math classwork?  (.9)

How often use calculator for math in school?  (.5)

Use calculator on quizzes/tests? (.8)

How often use calculator for homework? (.8)
	How often use calculator for math classwork?  (.9)

How often use calculator for math in school?  (.9)

Use calculator on quizzes/tests? (.8)

How often use calculator for homework? (.8)


Table 3.1:  2000 Mathematics Achievement By Race

	
	Fourth Grade
	Eighth Grade
	Twelfth Grade

	Overall Achievement
	228

(0.9)

n=13,511
	275

(0.8)

n=15,694
	301

(0.9)

n=13,432

	White Achievement


	236

(1.0)

n=8581
	286

(0.8)

n=9673
	308

(1.0)

n=8895

	Hispanic Achievement
	212

(1.5)

n=2239
	253

(1.5)

n=2573
	283

(2.1)

n=1838

	Black Achievement


	205

(1.6)

n=1795
	247

(1.4)

n=2449
	274

(1.9)

n=1813

	Hispanic/White Gap
	24
	33
	25

	Black/ White Gap
	31
	39
	34

	Change in White Ach. 1990-2000
	+16


	+16
	+7

	Change in Hispanic Ach. 1990-2000


	+14
	+9
	+7

	Change in Black Ach. 1990-2000


	+16
	+9
	+6

	Change in Hispanic/White Gap

 1990 - 2000
	+2
	+7
	0

	Change in Black/White Gap 

1990 - 2000
	0
	+7
	+1


Table note:  The sample sizes are based on the unweighted samples.

Table 3.2:  Mathematics Achievement by Race & Free/Reduced Lunch Eligibility, 2000

	
	4th
	8th
	12th 

	
	Lunch


	No Lunch
	Lunch
	No Lunch
	Lunch
	No Lunch

	White


	221

(1.7)

18%
	238

(1.1)

60%
	270

(1.5)

14%
	289

(1.0)

63%
	294

(3.6)

5%
	309

(1.3)

65%



	Hispanic
	205

(1.7)

59%
	221

(2.7)

31%
	246

(2.2)

53%
	263

(2.4)

30%
	277

(3.8)

37%
	286

(2.8)

41%



	Black


	200

(1.6)

70%
	219

(2.3)

22%
	242

(1.6)

56%
	255

(2.1)

28%
	269

(2.1)

34%
	275

(3.0)

43%



	White-Hispanic Gap
	16
	17
	24
	26
	17
	23

	White-Black 

Gap
	21
	19
	28
	34
	25
	34


Table note:  The percents are row percents.  For example, 18% of White 4th graders were eligible for free or reduced lunch.  Standard errors are in parentheses.  

Table 3.3: Mean Achievement by Race and SES quartile, 2000

	
	Fourth Grade
	Eighth Grade
	Twelfth Grade

	
	Lowest SES Quartile
	Highest SES

Quartile
	Lowest SES

Quartile
	Highest SES

Quartile


	Lowest SES

Quartile
	Highest SES

Quartile



	White


	215

14%

(1.8)
	247

32%

(1.0)


	266

14%

(1.3)
	300

32%

(0.9)
	289

16%

(1.8)


	323

31%

(1.3)



	Hispanic
	202

48%

(1.9)
	237

11%

(3.0)


	247

55%

(2.1)
	281

7%

(2.8)
	276

56%

(2.6)


	310

8%

(3.3)



	Black


	198

51%

(1.7)
	228

7%

(3.2)
	242

47%

(1.6)
	270

8%

(2.5)
	267

47%

(1.9)
	292

11%

(2.8)



	White-Hispanic Gap


	13
	10
	19
	19
	13
	14

	White-Black 

Gap
	17
	19
	24
	30
	22
	31


Table note:  The percents are row percents.  For example, 14% of White 4th graders were in the lowest SES quartile.  Standard errors are in parentheses.  

Table 3.4: Mean Achievement by Grade and Mathematical Strand, 2000

	
	Number
	Data
	Algebra
	Geometry
	Measurement
	Mathematics Composite

	4th Grade
	225
	230
	232
	227
	228
	228

	8th Grade
	276
	278
	277
	272
	273
	275

	12th Grade
	296
	301
	303
	304
	300
	301


Table 3.5:  Eighth Grade Calculator Use by Race and SES, 2000

	
	Percentage of 8th graders whose teachers responded “almost every day” to “How often do students use a calculator?”
	Percentage of 8th graders whose teachers responded “yes” to “Do you permit the use of calculators on tests?”

	All Black Students
	39
	58*

	All Hispanic Students
	41
	57*

	All White Students
	51
	68

	Lowest-SES Black Students
	37
	57

	Lowest-SES Hispanic Students
	37
	52

	Lowest-SES White Students
	47
	65

	Highest-SES Black Students
	43
	61

	Highest-SES Hispanic Students
	56
	65

	Highest-SES White students
	56
	72


Table Note:  The percentages given are row percents.  For example, 39% of Black 8th graders had teachers who reported that students use calculators “almost every day.”  Standard errors are in parentheses.

Table 3.6:  Student Beliefs About the Nature of Mathematics, 2000  

	
	 Percentage of students agreeing with the statement, "There is only one correct way to solve a math problem."
	 Percentage of students agreeing with the statement, "Learning mathematics is mostly memorizing facts."

	
	4th
	8th
	12th
	4th
	8th
	12th

	2000
	
	
	
	
	
	

	All White Students 
	13
	7
	5
	48
	31
	31

	All Hispanic Students 
	24
	15
	8
	59
	48
	47

	All Black Students 
	25
	13
	5
	61
	55
	55

	Lowest-SES Black Students
	28
	14
	5
	59
	58
	58

	Lowest-SES Hispanic Students
	30
	16
	9
	60
	50
	49

	Lowest-SES White Students
	19
	11
	7
	63
	39
	41

	Highest-SES Black Students
	21
	9
	5
	62
	43
	38

	Highest-SES Hispanic Students
	14
	13
	7
	51
	40
	34

	Highest-SES White students
	10
	5
	5
	41
	26
	24


Table note:  The percentages listed are row percents.  For example, 13% of White 4th graders agreed with the statement, “There is only one correct way to solve a math problem.”

Table 3.7:  Means of Grade 4 Teacher-Reported Instruction-Related Factors by Student Race

	
	Greater than average calculator use = 1 (binary)
	Heavy Emphasis on Reasoning = 1

(binary)
	Not Heavy emphasis on  facts and skills=1 (binary)
	Weekly multiple choice assessment use = 1

(binary)
	Yearly or never multiple choice assessment use = 1 (binary)
	Very knowledgeable about NCTM Standards = 1 (binary)


	Little/No knowledge about NCTM Standards = 1 (binary)
	Manipulatives
	Collaborative Problem Solving
	Non-number Curricular Emphasis
	Writing About Math

	White 


	.35

(.03)
	.61

(.02)
	.22

(.02)
	.09

(.01)
	.44

(.03)
	.07

(.01)
	.35

(.03)
	-.05

(.06)
	-.02

(.05)
	-.06

(.06)
	-.04

(.06)

	Black 
	.37

(.04)
	.65

(.03)
	.23

(.02)
	.23**

(.03)
	.30*

(.03)
	.04

(.01)
	.36

(.02)
	.12*

(.06)
	.06

(.06)
	.16*

(.08)
	.12*

(.07)

	His-panic 
	.26*

(.03)
	.58

(.03)
	.22

(.02)
	.22**

(.02)
	.32*

(.03)
	.06

(.01)
	.41

(.03)
	.09

(.07)
	-.03

(.06)
	.11*

(.07)
	.06

(.06)


* Mean is statistically significantly different than corresponding mean for White students without Bonferroni correction.  

** Mean is statistically significantly different than corresponding mean for White students with Bonferroni correction (p <. 0009)

Table 3.8: Means of Grade 8 Teacher-Reported Instruction-Related Factors by Student Race

	
	Greater than average Calculator Use = 1 (binary)
	Heavy Emphasis on Reasoning = 1

(binary)
	Not Heavy emphasis on  facts and skills=1 (binary)
	Weekly multiple choice assessment use = 1

(binary)
	Yearly or never multiple choice assessment use = 1 (binary)
	Very knowledgeable about NCTM Standards = 1 (binary)
	Little/No knowledge about NCTM Standards = 1 (binary)
	Manipulatives used daily or weekly = 1 (binary)
	Collaborative Problem Solving
	Non-number Curricular Emphasis
	Writing About Math

	White 
	.65

(.02)
	.53

(.02)
	.44

(.02)
	.06

(.01)
	.62

(.03)
	.22

(.03)
	.11

(.01)
	.26

(.02)
	-.06

(.05)
	-.06

(.05)
	-.07

(.06)

	Black 
	.54*

(.04)
	.60*

(.03)
	.39

(.03)
	.16*

(.04)
	.37**

(.03)
	.21

(.03)
	.15

(.03)
	.37*

(.03)
	.23**

(.07)
	.26**

(.07)
	.30**

(.08)

	His-panic 
	.54*

(.03)
	.55

(.03)
	.45

(.03)
	.13*

(.03)
	.47**

(.03)
	.18

(.03)
	.18*

(.03)
	.33*

(.03)
	.06

(.06)
	.09*

(.05)
	.09*

(.05)


* Mean is statistically significantly different than corresponding mean for White students without Bonferroni correction.  

** Mean is statistically significantly different than corresponding mean for White students with Bonferroni correction (p <. 0009)

Table 3.9:  Grade 4 Student-Reported Instructional Practices by Race

	
	Above Average Calculator Use (Binary)
	Mean Collaborative Problem Solving (Standardized Composite)
	Mean Beliefs (Standardized Composite – Level of Disagreement with Statements)

	White mean
	.35

(.01)
	-.08

(.03)
	.12

(.02)

	Black mean
	.60**

(.02)
	.21**

(.03)
	-.26**

(.04)

	Hispanic mean
	.52**

(.02)
	.13**

(.03)
	-.28**

(.03)


* Mean is statistically significantly different than corresponding mean for White students without Bonferroni correction.  

** Mean is statistically significantly different than corresponding mean for White students with Bonferroni correction (p <. 0009)

Table 3.10:  Grade 8 Student-Reported Instructional Practices by Race

	
	Above Average Calculator Use (Binary)
	Mean Collaborative Problem Solving (Standardized Composite)
	Mean Beliefs (Standardized Composite – Level of Disagreement with Statements)

	White mean
	.55

(.02)
	-.05

(.03)
	.12

(.02)

	Black mean
	.39**

(.02)
	.15**

(.04)
	-.26**

(.03)

	Hispanic mean
	.37**

(.02)
	.04

(.04)
	-.29**

(.03)


* Mean is statistically significantly different than corresponding mean for White students without Bonferroni correction.  

** Mean is statistically significantly different than corresponding mean for White students with Bonferroni correction (p <. 0009)

Table 3.11: HLM Models of Teacher-Reported Calculator Use and Achievement, Grade 4

Achievement is Outcome (5 plausible values).  N= 9999 students (level 1) and  611 schools (level 2)

	Level 1 (student & his/her teacher):
	MODEL 0
	MODEL 1
	MODEL 2
	MODEL 3
	MODEL 4 (WITH INTERACTIONS)

	Black 
	
	-22.8***
	-17.1***
	-17.1***
	-16.8***

	Hispanic
	
	-17.3***
	-12.5***
	-12.5***
	-12.1***

	Student SES
	
	
	7.6***
	7.6***
	7.1***

	Boy
	
	
	3.8***
	3.8***
	3.3***

	Disability
	
	
	-30.3***
	-30.3***
	-30.4***

	Teacher Calculator Use
	.68
	
	
	-.1
	-.6

	Tcalc x Black
	
	
	
	
	-.7

	Tcalc x Hisp
	
	
	
	
	-1.4

	Tcalc x SES
	
	
	
	
	1.5

	Tcalc x Boy
	
	
	
	
	1.5

	Level 2 (school):
	
	
	
	
	

	School SES
	
	
	6.1***
	6.1***
	6.1***

	Pct White /Asian
	
	
	1.0
	1.0
	1.0

	Private School
	
	
	-4.8***
	-4.8***
	-4.8***


* p<.05
** p<.01
***p<.001

Table 3.12: HLM Models of Teacher-Reported Calculator Use and Achievement, Grade 8

Achievement is Outcome (5 plausible values).  N= 8578 students (level 1) and  551 schools (level 2)

	Level 1 (student & his/her teacher):
	MODEL 0
	MODEL 1
	MODEL 2
	MODEL 3
	MODEL 4 (WITH INTERACTIONS)

	Black 
	
	-30.0***
	-20.2***
	-20.1***
	-20.1***

	Hispanic
	
	-24.8***
	-13.4***
	-13.4***
	-10.9***

	Student SES
	
	
	6.7***
	6.7***
	7.4***

	Boy
	
	
	3.1***
	3.2***
	2.8***

	Disability
	
	
	-31.8***
	-31.7***
	-31.7***

	In “Algebra” 
	
	
	26.2***
	25.6***
	25.6***

	Secondary Math Certified
	
	
	5.8***
	5.7***
	5.7***

	Teacher Calculator Use
	14.2***
	
	
	4.7***
	4.8***

	Tcalc x Black
	
	
	
	
	.13

	Tcalc x Hisp
	
	
	
	
	-4.2

	Tcalc x SES
	
	
	
	
	-1.1

	Tcalc x Boy
	
	
	
	
	.8

	Level 2 (school):
	
	
	
	
	

	School SES
	
	
	3.9***
	3.8***
	3.8***

	Pct White /Asian
	
	
	1.9*
	1.7*
	1.7

	Private School
	
	
	-2.8
	-1.9
	-2.0


* p<.05
** p<.01
***p<.001

Table 3.13:  HLM Coefficients of Teacher-Reported Instruction-Related Factors when Predicting Student Mathematics Achievement

	
	4TH GRADE
	8TH GRADE

	
	HLM Coefficient after controlling for demographics
	Change in Black coefficient after adding variable
	Change in Hispanic coefficient after adding variable
	HLM Coefficient after controlling for demographics
	Change in Black coefficient after adding variable
	Change in Hispanic coefficient after adding variable

	Calculators
	-.1
	0
	0
	4.7***
	-.1
	0

	Manipulatives
	.6
	0
	0
	-.2
	0
	0

	Non-number curricular emphasis
	1.6**
	+.1
	0
	.8
	0
	0

	Writing about mathematics
	.2
	0
	0
	.6
	0
	0

	Collaborative problem solving
	1.1*
	0
	-.1
	1.9**
	0
	0

	De-emphasize facts & skills
	1.1
	0
	0
	5.1***
	-.1
	-.1

	Reasoning
	1.0
	0
	0
	5.2***
	-.1
	0

	Multiple choice assessment use 
	-.9 (annual use)

-.4 (weekly use)
	+.1
	0
	1.4 (annual use)

-2.7 (weekly use)
	0
	0

	Knowledge of NCTM standards
	4.2* very knowledgeable

.13 not very knowledgeable
	-.1
	-.1
	1.8 very knowledgeable

-4.4* not very knowledgeable
	0
	-.1

	All 9 Variables Together in Model
	na
	-.1
	-.1
	na
	-.2
	-.1


Table note:  The changes in Black and Hispanic slopes were not tested for significance.  

* p<.05
** p<.01
***p<.001

Table 3.14: HLM Coefficients of Student-Reported Instruction-Related Factors when Predicting Mathematics Achievement:

	
	4TH GRADE
	8TH GRADE

	
	HLM Coefficient after controlling for demographics
	Change in Black coefficient after adding variable
	Change in Hispanic coefficient after adding variable
	HLM Coefficient after controlling for demographics
	Change in Black coefficient after adding variable
	Change in Hispanic coefficient after adding variable

	Student-Reported Calculator Use (binary)
	-17.9***
	-3.1
	-2.2
	1.0
	0
	0

	Student-Reported Collaborative Problem Solving
	-2.7***
	-.8
	-.6
	.7
	+.1
	+.1

	Beliefs


	5.8***
	-.8
	-1.2
	3.8***
	-.7
	-1.0


Table note:  The changes in Black and Hispanic slopes were not tested for significance.  

* p<.05
** p<.01
***p<.001

Table 3.15: Interaction Effects Between Instruction-Related and Demographic Variables when Predicting Student Mathematics Achievement
	
	Coefficient 

	4th Grade
	

	Teacher Reported
	

	Non-Number Curricular Emphasis x SES
	1.2**

	Student Reported
	

	Calculator Use x Black
	4.0*

	Calculator Use x SES
	2.2**

	Student Belief x Boy
	1.5*

	Collaborative P.S. x SES
	1.1**

	Collaborative P.S. x Boy
	-1.4*

	8th Grade
	

	Teacher-Reported
	

	Very Knowledgeable About NCTM Standards x Boy
	-4.9*


* p<.05
** p<.01
***p<.001

FIGURES

Figure 2.1: 2000 Percentages of White, Black and Hispanic Students In Each SES Level 
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Figure Note:  These are based on unweighted sample sizes.  The small numbers of students who are missing SES information are not included in these counts (and therefore the numbers differ slightly than those in Table 2). 

Figure 3.1: Mathematics Achievement by Race, 1990-2000
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Figure 3.2: 2000 Hispanic-White Gap in Achievement by Grade and Mathematical Strand 
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Figure 3.3: 2000 Black-White Gap in Achievement by Grade and Mathematical Strand 
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Figure 3.4: Percentage of 8th Graders Whose Teachers Reported Their Students Use Calculators “Almost Every Day,” by Race
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Figure 3.5: Percentage of 8th Graders Whose Teachers Reported Allowing Students to Use Calculators on Tests, By Race
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Figure 3.6:  Percentage of 4th and 8th Graders Whose Teachers Reported Using Multiple Choice Assessments At Least Once or Twice a Month, 1996-2000
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� To be consistent with the NAEP data we use the terms “Black”, “White,” and Hispanic, although we acknowledge that differences of opinions exist as to the appropriateness of those terms.  Additionally, for the sake of simplifying the text, we use the term “race” very loosely to mean race or ethnicity, particularly in relation to the NAEP categories of Black, White and Hispanic students.  


� The recent publication of the 2003 NAEP results prompted even more discussion about these issues, as both NCTM and NCLB were credited by various parties for improvements in scores and decreases in achievement gaps.


�  In a survey of 3,011 mathematics education research articles published between 1982 and 1998, Lubienski and Bowen (2000) found 323 articles pertaining to gender, 112 pertaining to race, and 52 pertaining to social class.  Only 13 of the 3,011 articles considered race and class together.


� There is also a third NAEP assessment, “State NAEP”, which is administered to samples from each participating state. 


�  Although overall 2003 NAEP results are available for 4th and 8th grades, the restricted-use 2003 data are not yet available.  The framework and many background questions were revised for the 2003 assessment.


� The NAEP sample involves a random sample of students, not teachers.  Therefore, claims must be made at the student, not teacher, level.


� Teacher weights are not assigned, because NAEP selects samples of students and then surveys their teachers; therefore, teacher data are linked to student data and must be interpreted at the student level.  As a concrete example, NAEP analyses would not indicate that 80% of teachers reported being knowledgeable about the NCTM Standards.  Instead, NAEP analyses would indicate that 80% of students had teachers who reported being knowledgeable about the NCTM Standards.


� Students report whether they have each of these items, and the NAEP dataset combines the four responses into a single variable, with categories of 0-2 items, 3 items, or 4 items.  


� Computer use at home was Boolean coded, with regular use (at least Monthly) =1, otherwise =0.


� After an exploration of the relationship between this variable and achievement, this variable was binary coded so that 1 =discuss studies at least once or twice a month, otherwise = 0. 


� Significance tests reported in this article are two-tailed, using .05 as the critical p value.


� The number 56 was derived because there are 2 grades, and there are a total of 11 teacher-reported variables (recall that NCTM knowledge and multiple choice assessment use were each split into two binary variables) and 3 student-reported variables at each grade.  For each instructional variable examined, 2 comparisons were made:  White-Black and White-Hispanic.  Therefore, the total is 2 x 14 x 2 = 56. 


�  This finding seems to contradict other research that has shown private school students to outperform public school students.  This relationship was analyzed further, utilizing means and boxplots of achievement by school sector within each SES quartile.  The investigation revealed that although the overall mean of private school students is higher than that of public school students, this relationship is reversed within SES quartiles.  Hence, a main cause of the private school advantage appears to be the fact that more higher-SES students attend private schools.  An additional analysis suggested that the fact that fewer students with disabilities attend private schools also contributes substantially to the private school advantage..  Although a thorough examination of the relationship is beyond the scope of this report, a paper on these findings is being developed (Lubienski, Lubienski & Camburn, in preparation).  


� An analysis of the change in slopes (gaps) for Black and Hispanic 8th graders upon adding only secondary mathematics certification to Model 1 revealed a small reduction of 0.2 for both Black and Hispanic slopes.  In contrast, by adding student SES to Model 1, the slopes were reduced by 5.8 points for Black students and 7.6 points for Hispanic students.


� Given that teacher-reported variables apply to general classroom practices, whereas student-reported variables are specific to the practices/beliefs of individual students, it is not surprising that the teacher-reported variables exhibit relatively weak relationships with student achievement in comparison to the student variables.  If teachers reported practices that individual students engaged in (as opposed to reporting practices for an entire mathematics class) we would likely see a stronger relationship between the teacher-reported instruction-related variables and student achievement.   


� Those teacher-reported variables with seemingly larger effects, such as “emphasis on reasoning” at grade 8, actually have smaller effects because those are binary and therefore one wouldn’t multiply the number by 4 to get a sense of the differences between the top and bottom of the distributions.


� NAEP trends must be considered in the context of other research, such as a recent TIMSS report that indicated a 1999 narrowing of the Black-White gap for 8th graders, (when compared with 4th graders tested four years earlier), and a widening of gaps relating to parental education (Gonzales, Calsyn, Jocelyn, Mak, Kastberg, Arafeh, Williams, and Tsen, 2001).  Other authors have warned that Black-White gaps in mathematics and other subject areas have widened over the past decade (e.g., Lee, 2002; Jencks & Phillips, 1998).  More recently, results of the 2003 main mathematics NAEP indicate that some progress on achievement gap reduction was made between 2000 and 2003. 


�  Secada raises the important point that researchers tend to “control” for SES and then seek no further explanations for SES-based differences.  Further research is needed to understand the many home- and school-related factors that underlie SES-related achievement differences.


� Rothstein (2004) rightly points out that the SES variables used in studies such as this are limited because they do not measure important contextual factors, such as accumulated family wealth.  In other words, typical SES variables do not take into account the difference between a family with a long history of generational poverty and a family that is simply down on its luck for a time.  Hence, it is possible that a better SES measure would account for a greater proportion of race-related achievement gaps.  Still, the measure used in this study is more comprehensive than SES variables typically utilized in NAEP reports.


� A drop in girls’ mathematical confidence has been found to precede a drop in their achievement (Fennema & Sherman, 1977).  This evidence suggests that student beliefs can influence—not simply correlate with—achievement.  However, further research is needed to determine whether and how a change in students’ epistemological beliefs can increase achievement.


� Given school policies, resources, and instructional emphases, it is likely that the instruction students received in grades 4 or 8 was at least somewhat similar to what was received in earlier years from other teachers within the same school.  Still, such consistency cannot be assumed both because considerable variation may exist within schools and because of student mobility between schools.


� See Rowan, Correnti, and Miller, 2002 for more about the strengths and weaknesses of various models for determining the effects of teacher background characteristics and instruction on student achievement. 


� Admittedly, scholars who attempt such studies must tread on politically sensitive ground.  Researchers who examine home environments for any potential roots of achievement or instructional gaps are likely to be accused of “blaming the victim.” (Lubienski, 2003).  However, by restricting their research focus to schools, scholars can miss important pieces of the achievement gap puzzle. 
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