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Introduction
The changing racial and ethnic demography in the United States challenges schools to educate an increasingly diverse student population. Since the Coleman Report—a report on educational equality in the United States—brought attention to racial inequity in student outcomes in the 1960s, the achievement gap between White and minority students has raised many concerns and resulted in a significant body of empirical research (Coleman et al., 1966; Jencks & Phillips, 1998; Jones, 1984; Peng & Hill, 1995). The achievement gap in schools is often argued to have lifetime consequences, limiting opportunities for minority students in higher education, employment, and earnings (Carnervale, 1999; Jencks, 1992; Murnane & Levy, 1996; Ogbu, 1994).
The wide achievement gap in mathematics, especially, is one of the most significant problems facing African-American students. According to Johnson and Kristonis (n.d.), achievement of African-American students continues to lag behind that of Whites and non-minorities. Children of color are underrepresented in gifted programs. On national assessments in mathematics, Black students’ performance lags behind that of White students, with uneven progress in closing the gap. Data collected on instructional practices indicate differences between how minority and White students are taught. For instance, National Assessment of Educational Progress (NAEP) data suggest that many minority students are not experiencing instructional practices that are consistent with recommendations suggested by the National Council of Teachers of Mathematics (Johnson & Kristonis, n.d.).
Overlaying trends in mathematics achievement on the timeline of events in mathematics education presents an interesting view of the achievement gap. About the same time that gaps in mathematics achievement ebbed and flowed, mathematics education underwent huge shifts in curricular focus. The standards released by the National Council of Teachers of Mathematics (NCTM, 1989, 2000) redefined the purposes and methods of mathematics education. These standards, moreover, served as the model for content standards in mathematics designed by state departments of education (Joyner & Bright, 2001). In general, the standards support curricula that emphasize concepts and meaning rather than rote learning, they promote integrated rather than piecemeal treatment of mathematical ideas, and they encourage all students’ engagement with high-level mathematics. The standards also emphasized an approach to pedagogy that falls in line with a constructivist’s view of learning. This approach positions mathematical knowledge as an active and social process by which children construct mathematical ideas from their own experiences (Ross, 2005
).
The aim of this paper is to discuss trends in Black-White mathematics achievement while juxtaposing the changes that have taken place in the mathematics curriculum. Although there has been an overall narrowing of the mathematics achievement gap since the 1960s, it narrowed in the 1970s and 1980s but then stabilized or widened beginning in the 1990s (citations needed here). These trends occurred at the same time that changes in mathematics education were taking place. It is naive to suggest a causal relationship between the widening of the gap and standards-based mathematics reform. Also, research evaluating standards-based mathematics reform and its effects on achievement has only recently started to emerge. However, some research indicates there has been some success. This paper also explores the effects of standards-based mathematics reform on closing the Black-White achievement gap, and includes a policy recommendation for encouraging stability and sustaining progress.  

Achievement Gap Trends in Mathematics
Despite the many challenges to improving racial and ethnic equity in learning outcomes, substantial success in narrowing the Black-White achievement gap has been realized since the 1960s. Racial and socioeconomic achievement gaps narrowed substantially in the 1970s and early 1980s. During the 1970s, education and social policies worked to narrow the achievement gap by guaranteeing a minimally adequate level of achievement for minorities through compensatory education, minimum competency testing, school desegregation, equalization of school funding, the war on poverty, and affirmative action (Jones, 1984). However, a closer examination of the data reveals that this earlier progress has been reversed since the late 1980s. 
Achievement gaps constitute important assessment barometers in educational and social progress. The National Assessment of Educational Progress (NAEP), the nation’s report card of student achievement, provides information on the achievement gaps among different racial and socioeconomic groups in core academic subjects. NAEP showed substantial academic improvement of Black students and a significant narrowing of the Black-White achievement gaps. The long-term trend NAEP data shows that, overall, student achievement improved from 1973-1999 in mathematics (Campbell, Hombo, & Mazzeo, 2000; Loveless & Diperna, 2000). A comparison of the 1973 and 1999 NAEP measures shows that the Black-White achievement gap became smaller in mathematics and among age groups (9, 13, and 17), with test score gaps falling by 20% to 40% over the 1973-1999 period (Lee, 2002). Despite these aggregate trends, there are substantial differences among different racial and ethnic groups. 
Further, closer examination of Black-White achievement gap trends shows bifurcated patterns in which the gaps narrowed until the mid-to-late 1980s and then began to stabilize or rise slowly. During the period between 1971 and 1986-1988 when the achievement gap between Whites and Blacks narrowed, White students' achievement level was quite flat, whereas Black students made substantial academic gains. In contrast, during the period between 1986-1988 and 1999, when the gap grew, the pattern reversed. White students improved their achievement but Black students made few gains on NAEP. Consequently, the narrowing of the Black-White achievement gap stopped, and in some cases the gaps widened to the level of the late 1970s or early 1980s (Lee, 2002).

As of 2005, the gaps remain substantial. For example, a NAEP (2005) report not only shows that the percentage of Black students performing at or above the proficient level in mathematics is much lower than that of their White peers (47 % for Whites vs. 13 % for Blacks at grade 4; 39 % for Whites vs. 9 % for Blacks at grade 8), but it also shows that a large majority of Black students fail to meet the proficiency standard. Simply reducing disparities in test scores is not sufficient without also improving the percentage of low-achieving students and disadvantaged minority groups that perform at or above the NAEP proficiency level
.
Changes in Mathematics Education Curriculum
At the same time that progress in narrowing the mathematics achievement gap increased, then slowed down, and then began to widen again
, the mathematics education community began to discover and encourage standards-based reform in mathematics. In mathematics education, the theme of the 1970s was “back to basics.” In broad terms, the curriculum returned to what it been during the Sputnik era of the 1960s, and focused largely on skills and procedures. However, by the 1980s, students showed little ability at problem solving—after all, curricula had not emphasized aspects of mathematics beyond mastery of core mathematical procedures. Furthermore, performance on the “basics” had not improved either (Schoenfeld, 2004).
In response, the NCTM (1980) published An Agenda for Action. NCTM proposed that an exclusive focus on basics was wrong, and that a primary goal of mathematics curricula should be to have students develop problem-solving skills. Back to basics was to be replaced by “problem solving.” It made problem solving the curricular focus, recommended that the definition of basic skills be broadened to include such mathematical skills as estimation and logical reasoning, and promoted the use of calculators and computers in the classrooms at all grade levels. Although this publication articulated a direction for change in the math curriculum, it did not create a sense of urgency among educators. What did create the urgency, however, was a perceived falling behind in worldwide technological and economic standings. Concern with United States student performance had become linked in the public’s mind to the country’s capacity to fill its technical needs (Herrera & Owens, 2001). Results on international studies, such as the Second International Mathematics Study and the International Assessment of Educational Progress, showed the United States as weak in several areas (Robitaille & Travers, 1992). Furthermore, despite the much focused emphasis of the back-to- basics period on procedural skills, "national tests showed that student performance in basic skills declined or stayed the same" (Kenney & Silver, 1997, p. 66). 
While these voices grew louder within the halls of government and academia, the publication of A Nation at Risk (1983) awakened the general public to the sense of crisis. Commissioned by the National Commission for Excellence in Education, this report struck a note of urgency: "If an unfriendly foreign power had attempted to impose on America the mediocre educational performance that exists today, we might well have viewed it as an act of war" (NCEE, 1983, p. 5). Its message linked education to a national crisis, which garnered a great deal of attention.
In response to the reports of the 1970s and to the back-to-basics curriculum, NCTM adopted an activist stance and stepped forth to produce a set of standards for school mathematics. Using only organization funds, NCTM produced and distributed Curriculum and Evaluation Standards for School Mathematics (1989), a document intended to be a statement reflecting the varied composition of the organization and to produce a consensus broadly acceptable to the mathematics community. The standards-based movement also produced Professional Standards for Teaching Mathematics (NCTM, 1991), which addressed explicitly the changes in teaching that were implicit in the first document, and Assessment Standards for School Mathematics (NCTM, 1995). These documents, collectively referred to here as the Standards, rounded out the NCTM vision of mathematics in K-12 classrooms. While initial reaction to the Standards was markedly positive, wide dissemination of criticisms bean to break public confidence in the reform process.  On the positive side, the reform has had an impact on school mathematics to the extent that most states have rewritten their frameworks to align with the Standards in language, grade levels, and goals. Other evidence of support was the awarding of grants by the National Science Foundation to several projects to produce curriculum series aligned with the Standards. Now, schools have available instructional materials that incorporate the goals envisioned in the reform (Ross, 2005).
Despite this support for the NCTM vision, a backlash developed. One significant barrier to implementation of the Standards is the change required of teachers in their practice. They are asked to alter their role from the accepted position as transmitter of knowledge to a new, and uncomfortable, position as facilitator—one who engages the class in mathematical investigation, orchestrates classroom discourse, and creates a learning environment that is mathematically empowering (NCTM, 1991). At the same time, the issue of accountability has come to the forefront. High stakes testing is often not aligned with the Standards, which further raises frustration as parents and teachers grow increasingly concerned about student performance on these tests. NCTM bore in mind these misinterpretations as a new writing committee worked to update, refine, and clarify the Standards documents. The recently published document, Principles and Standards for School Mathematics (NCTM, 2000), simplifies the reform message by presenting only five content standards that extend across all grade bands and clarifies them through examples of problems, student work, and classroom dialogue. The document as a whole attempts to respond to the concerns voiced by the many stakeholders in mathematics education, to clarify NCTM's positions, and to define its vision
.
Standards-Based Reform and African-American Achievement
Has standards-based mathematics reform helped or hurt African-American achievement? While there have been significant changes in the mathematics curriculum over the past two decades, there had not been the opportunity to evaluate the effectiveness of the standards-based reform effort until the early 2000s. Large-scale change is slow, and research is even slower to follow. It took some years after the 1989 Standards was issued before curricula aligned with its reform goals could be developed and implemented; it took more time still before data on their effectiveness would become available. Such data and research have begun to come in, allowing us to see if the new curricula provide a basis for achieving the content and equity goals of reform—empowering all students and having them learn more powerful and useful mathematics. In evaluative research on some of the first large scale implementations of reform curricula, data indicate that reform students do as well on skills as students who study the traditional curricula, and that they do better on an understanding of concepts and problem solving. Moreover, there has been some indication that mathematics reform has been successful for African American students. 

One of the earliest large-scale evaluations of mathematics curricula embodying the ideals of standards-based reform used data from Pittsburgh, Pennsylvania.  Pittsburgh serves about 40,000 students in 97 public schools (59 elementary, 19 middle, 11 high, and eight other). Roughly 56% of the student population is African American and 44% is White/other; more than 60% of the students qualify for free or reduced-price lunches. Since the early 1990s, Pittsburgh has made a coherent systemic effort to implement standards-based education in mathematics and other subject areas. Efforts have included the delineation of content and performance standards in line with the Standards and the 1996 New Standards mathematics exam (New Standards, 1996); the use of standards-based assessments (specifically, the New Standards Reference Examinations, Harcourt Educational Measurement, 1996-1999) for purposes of aligning curriculum and assessment; the use of traditional assessments (specifically, the Iowa Test of Basic Skills) for comparison purposes; and standards-based instructional materials and professional development (Briars, 2001; Briars & Resnick, 2000). 
As one would expect in any district that contains nearly 100 schools, some Pittsburgh teachers embraced the proposed reforms and some did not. Therefore, Briars & Resnick (2000) identified "strong implementation" schools as those with teachers in whose classrooms students were familiar with activities and procedures specific to standards-based mathematics curriculum; curricular artifacts such as visual aids and manipulative materials were accessible and showed clear signs of use; students had frequent opportunities to work together and explain their work to each other when appropriate; displays of student work showed curriculum-specific projects and activities; and there was no evidence of the use of other programs. "Weak implementation schools had teachers that were either not using the curriculum at all, or using it so little that the overall instruction in the classroom was hardly distinguishable from traditional mathematics instruction." (Briars & Resnick, 2000, p. 6). The data show that students at the strong implementation schools outperformed students at the weak implementation schools by a very wide margin. In other words, the more consistently the reform curriculum was implemented, the better students did. Also, racial differences in performance diminished substantially. At the strong implementation schools, the performance of White and African-American students on the skills component of the test was roughly comparable. However, there were still significant disparities in scores on problem solving and concepts. In the strong implementation schools, the ratio of White students to African-American students who met those standards dropped from more than four to one to about three to two (Briars & Resnick, 2000). Although this falls far short of the goal of parity, it represents very significant progress toward it
.

A more recent large-scale study showed similar results when evaluating standards based reform on the achievement of African American students. Balfanz and Burns (2006) conducted a study examining gains in mathematical achievement of multiple cohorts of high-minority and high poverty middle-grades students between the fourth and eighth grades in the school district of Philadelphia over the past 6 years. They found that the first three schools in the district to implement a comprehensive reform that directly affected classroom practice—a strong school-wide instructional program in mathematics, significantly increased teacher support and training (including in-classroom non-evaluator peer coaching), and organizational reforms to improve student–teacher interactions (looping, small learning communities, teacher teams)—had significantly greater numbers of students close their mathematics achievement gaps than did the other 23 middle schools in the district also serving high-minority and high-poverty student bodies. This suggests that the reform movement can work, and may also suggest that these reforms had yet to reach the other 23 high-poverty, high-minority middle schools in the district.
On a smaller scale, Chenoweth (2008) provides examples of schools across the U.S. that have substantially narrowed, and in some cases, closed, the achievement gap in mathematics using a reform-based approach that encourages high quality instruction, high teacher and student expectations, community and parental involvement, and quality assessments. The bottom line is that standards-based reform appears to work for closing achievement gaps when it is implemented as part of a coherent systemic effort in which curriculum, assessment, and professional development are aligned. Not only do many more students do well, but the racial performance gap diminishes substantially. 
Encouraging Stability and Sustaining Progress
In all the examples of schools with successful standards-based mathematics reform, the following fundamental issues, among others, were addressed in order to foster the sustained improvement of mathematics instruction in the United States: (a) high quality curriculum; (b) a stable, knowledgeable, and professional teaching community; and (c) high quality assessment that is aligned with curricular goals. This would be true for white students as well, but the difference is that African-American students often begin at a disadvantage. Leveling the playing field regarding resources, expectations, and opportunity among Black and white students will no doubt help close the gap. However, what the examples do not address is the kind of infrastructure needed to stabilize those improvements and build on the progress, while allowing them to develop and evolve. 
While the mathematics curriculum in the United States has seen a number of pendulum swings over the past 50 years, curricula change occurs much less frequently and much more slowly in China and Japan, for example (Ma, 1999; National Institute on Student Achievement, Curriculum, and Assessment, 1998). To begin with, these curricula are carefully conceived and known to be reasonably effective. These curricula are refined on the basis of classroom observations and student performance. Teachers make the curriculum a collaborative object of study, working to find better ways to teach lessons or to improve them. In that way, gradual and sustained improvements are made. Some stability in the system is necessary to make real progress. There is now the base for such sustained evolution. The content and process standards described in Principles and Standards (NCTM, 2000) represent the evolution of ideas developed in the 1989 Standards. A number of reform curricula, which have now been shown to produce results significantly better than the traditional curriculum, are aligned with the 1989 Standards and thus reasonably aligned with Principles and Standards. Further, large-scale assessments and others have been aligned with the Principles and Standards. Thus, any educational system has access to solid and well aligned standards, curriculum, and assessments. An aligned program of professional development can contribute to the gradual strengthening of the teaching force and the iterative improvement of curricula and assessments
.

Conclusions

Stability is essential if the nation is to move systemically toward meeting the vision of documents such as Principles and Standards (NCTM, 2000). There is now proof that real progress can be made—schools and school districts across the United States, which worked over the long term with a set of consistent goals and a systemic approach, get results. But stability is hard to come by. A decade could seem like an eternity for those who have the most influence over what happens in schools; for example, for most politicians, the only things that count are the ones that produce results before the next election. Thus, the educational research community confronts a problem of public education and public relations. In order to have a context where productive evolutionary change is possible, people have to be convinced that there is a solid base and that there are mechanisms for steady improvement. Absent either of these perceptions, there is the temptation for the quick fix, the “out with the old, in with the new” approach that typically results in change but not in progress. 
Stability also raises the issue of the cycle of research into practice
. For those of us in educational research who hope to make a difference—and for policy makers and politicians who want to go about their business intelligently—it is essential to understand the amount of time it takes for ideas to make their way from basic research to successful large-scale implementation
. Research on mathematics thinking, teaching, and learning provides an excellent case in point. It is important to note that the standards-based mathematics reform process described in this paper, from basic research to large-scale implementation, took roughly 25 years. In industry that kind of research and development cycle is understood, but for the public at large and for most policy makers, that kind of time frame is beyond the imaginable. The point is not that 25 years has to come and go before good ideas become implemented in practice; there is a much shorter cycle for some ideas, and incremental change can be made
. But, at least with regard to education, whatever the problem is, we believe we can solve it fast. This is a mistake, which leads to the kinds of pendulum swings in trends and mathematics education curricula discussed above. Simple-minded solutions to complex problems will not work, and progress is best made by building carefully on a well-established base. At the same time, researchers should work consistently to bring good ideas into the world of practice
. The best proof of the importance of research is documentation of its effects
.
This paper began by pointing out the great importance of mathematics achievement in our society, and the history of inequities associated with mathematics education; but it will end on a positive note. Over time, we have made progress in closing the Black-White achievement gap in mathematics. Not only is there evidence that the new mathematics curricula enable more students to do better, but they also decrease the traditional performance gaps between majority and traditionally underrepresented minority students. Such curricula, aligned with robust standards and a solid assessment system, provide a solid base on which to stand. I believe that it is time to stay the course, build on what we know, and work in evolutionary fashion toward the improvement of mathematics education for all students. In the meantime, educators and policymakers can work to develop policies and resources that support the spread of successful standards-based mathematics reform practices to tens of thousands of other students and schools. Change is slow, change is complex. It is difficult to deliver a reform message throughout the nation's diverse K-12 system, but it is even more difficult to sustain the momentum and allow time for the message to play out in all classrooms
.
Nicely done, Jamila.  You have a solid foundation for your writing.  It flows smoothly.  If you remain interested in this topic as you proceed through the program, be sure to look at what the MAA says about math achievement and learning.  They are essentially arguing that the NCTM standards are “soft” and don’t teach the basic foundations of mathematics, which they view as calculation to understand the deeper concepts.  This is a fertile policy area in that both groups make good arguments.
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�Nicely done, Jamila. You captured this part well.  Of course, there is the Mathematical Association of America, which believes NCTM is misguided.  The MAA is the more traditional wing of the math field and they champion calculations and proofs over “understanding.”


�Very impressive, Jamila.


�Something here doesn’t make sense.  “…progress in narrowing…increased…then slowed…and then began to widen…Hmmm.  I know this is one of those sentences that makes sense to the writer…but in this case, not to this reader.  Regardless, I understand the point you want to make.


�And as I noted above, the critics still aren’t mollify.


�Jamila, you have a knack for this style of writing.   Your flow is smooth, your logic easy to follow, and your citations are on point.


�You know I agree that the school is the unit of change, and your citations address that as well.


�As well as leadership, not necessarily by the titular leaders, but by someone to can keep this a focus.


�That’s why I include Rogers’s and Hall’s perspectives on innovation in the course.  They can help us understand how implementation takes place (or doesn’t).


�This is one of Christensen’s points.  He argues for a streamlined process with faster times to adoption and implementation.


�This is the paradox: bring good ideas to the world of practice quickly, and often before they’re tested enough for their power.  School districts reinforce this by bringing in the “flavor of the month” as consultants who rarely stay for proper implementation.


�Which takes time, money, and evaluation expertise, three things most reform designers lack.


�This is why I liked the Chenoweth book for the course.  She describes what these schools did to narrow their gaps.  They focused on the learning outcomes and then aligned the curriculum and the instructional practices with those outcomes and the starting places of their students.  That is a powerful mix, as her evidence suggests.





